
Lenneberg’s Contributions to the Biology of
Language and Child Aphasiology: Resonation and

Brain Rhythmicity as Key Mechanisms

Koji Hoshi

This paper aims to re-evaluate the legacy of Eric Lenneberg’s monumental
Biological Foundations of Language, with special reference to his biolinguistic
framework and view on (child) aphasiology. The argument draws from
the following concepts from Lenneberg’s work: (i) language (latent struc-
ture vs. realized structure) as independent of externalization; (ii) resonance
theory; (iii) brain rhythmicity; and (iv) aphasia as temporal dysfunction.
Specifically, it will be demonstrated that Lenneberg’s original version of
the critical period hypothesis and his child aphasiology lend themselves
to elucidating a child aphasia of epileptic origin called Landau-Kleffner
syndrome (LKS), thereby opening a possible hope for recovery from the
disease. Moreover, it will be claimed that, to the extent that the language
disorder in LKS can be couched in these terms, it can serve as strong “liv-
ing” evidence in support of Lenneberg’s critical period hypothesis and his
view on child aphasiology.
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1. Introduction

Boeckx & Longa aptly and succinctly describe the value of Eric Lenneberg’s pio-
neering and seminal work Biological Foundations of Language published in 1967 as
being ”regarded as a classic” and add:

Like all classics, it deserves to be re-read at regular intervals, not only to
appreciate the success (and limitations) of previous attempts at a syn-
thesis among fields, but also to learn things that we all too often forget.

(Boeckx & Longa 2011: 255)
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It is not an exaggeration to claim that Lenneberg’s book set the highest standard
of interdisciplinary biolinguistic investigation and has served as an unmatched ex-
emplar in the field of biolinguistic research broadly construed. Even a cursory look
at the table of contents of the book does not fail to strongly impress us with the
fact that Lenneberg already covered virtually all the relevant topics that scholars in
the current field of biolinguistics are still actively pursuing (see, e.g., Jenkins 2000,
Boeckx & Grohmann 2013). The issues explored are the anatomy of the human
body and brain, language and cognition, language evolution and genetics, the crit-
ical period for first language development, and language disorders—among many
others.

One of Lenneberg’s most significant contributions to the field of biolinguis-
tics in particular and to the field of neurosciences in general is his insight into the
significance of studying cognitively handicapped children including child aphasics
as a means of uncovering the nature of human language and its brain mechanisms
(see Lenneberg 1967: 304–326). Most concisely summarised in the following pas-
sage:

It is often said that it is difficult enough to understand the development
of behavior in the healthy individual and that we should, therefore, not
complicate our task by trying to understand at the same time behavioral
development in the presence of disease. Such a statement is based on
the false assumption that disease results in more complicated behavior.
However, we may consider it axiomatic that disease processes do not
usually add to the complexity of structure of behavior.

(Lenneberg 1967: 304–305; emphasis in original)

Accordingly, the main purpose of this paper is to re-visit Lenneberg’s original ver-
sion of the critical period hypothesis and his view on (child) aphasiology, which
have been often forgotten, sometimes ignored or even misunderstood, in order to
highlight their importance, relevance, and validity in exploring the nature of a cer-
tain child aphasia of epileptic origin called Landau-Kleffner syndrome (LKS; Lan-
dau & Kleffner 1957). It will be argued that LKS provides strong “living” evidence
demonstrating the validity of Lenneberg’s original version of the critical period hy-
pothesis and his view on (child) aphasiology, to the extent that they are conducive
to illuminating the very nature of the language disorder in LKS.

The structure of this paper is as follows: Section 2 deals with Lenneberg’s
view on human language, addressing the two fundamental underlying assump-
tions: brain-internal language as language capacity and its independence from ex-
ternalization. I will also review some crucial concepts closely related to these as-
sumptions: Lenneberg’s first language development model, critical period hypoth-
esis, and brain rhythmicity for speech production. Section 3 then is more specifi-
cally concerned with Lenneberg’s view on child aphasia and its application to LKS.
I will argue that Lenneberg’s critical period hypothesis and child aphasiology can
benefit our understanding the nature of the language disorder in LKS, opening up
a novel possibility for an effective non-invasive medical intervention. Section 4
concludes.
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2. Language Capacity and Externalization

2.1. Lenneberg’s Critical Period Hypothesis and Related Concepts

In this subsection, I will lay out the two fundamental assumptions that underlie
Lenneberg’s (1967) version of the critical period hypothesis: (i) brain-internal lan-
guage as language capacity; (ii) language capacity as independent from its exter-
nalization.

2.1.1. Brain-Internal Language as Language Capacity

Lenneberg conceives of human language as a brain-internal biological system and
distinguishes between two biological levels of human language: latent structure
and realized structure, explaining that

the unfolding of language is a process of actualization in which latent
structure is transformed into realized structure. The actualization of la-
tent structure to realized structure is to give the underlying cognitively
determined type a concrete form. (Lenneberg 1967: 376)

This process can be illustrated as in figure 1.1

Figure 1: The actualization process from latent structure to realized structure in accordance with
Lenneberg’s (1967) formulation.

Crucially, he notes that

[t]he actualization process is not the same as ‘beginning to say things.’
In fact, it may be independent from certain restraints that are attending
upon the capacity for making given responses. Actualization may take
place even if responses are peripherally blocked; in this case actualiza-
tion is demonstrable only through signs of understanding language.

(Lenneberg 1967: 376)

Let me emphasize at this juncture that this point is extremely important in correctly
understanding a certain childhood aphasia of epileptic origin which I will be ad-
dressing in section 3.

1 Lenneberg states the following in a footnote on the same page:

This formulation might be regarded as the biological counterpart to what gram-
marians have for centuries called universal and particular grammar. Latent
structure is responsible for the general type of all features of universal gram-
mar; realized structure is responsible both for the peculiarities of any given
statement as well as those aspects that are unique to the grammar of a given
natural language. (Lenneberg 1967: 376)



86 K. Hoshi

It is remarkable that about five decades ago Lenneberg already conceived
of human language as a biologically determined cognitive system in the brain. The
underlying cognitively specified latent structure and the realized structure basically
correspond to the initial state of I-language and the steady state of I-language in
generative grammar, respectively. Indeed, Lenneberg touches upon the notion of
“universal grammar” (i.e., latent structure; see also fn. 1) and claims that

universal grammar is of a unique type, common to all men, and it is
entirely the by-product of peculiar modes of cognition based upon the
biological constitution of the individual. (Lenneberg 1967: 377)

More specifically, Lenneberg points out that the latent structure is determined
by the following biological properties of the human form of cognition:

The forms and modes of categorization, the capacity for extracting sim-
ilarities from physical stimulus configuration or from classes of deeper
structural schemata, and the operating characteristics of the data-pro-
cessing machinery of the brain (for example, time-limitations on the rate
of input, resolution-power for the analysis of intertwined patterns such
as nested dependencies, limits of storage capacities for data that must
be processed simultaneously, etc. (Lenneberg 1967: 375)

Lenneberg (1967: 375–376) maintains that maturation of a child will bring
cognitive processes to what he calls “language-readiness” as a state of latent struc-
ture. He expounds on the claim by saying that

it might be more fruitful to think of maturation, including growth and
the development of behavior such as language as the traversing of highly
unstable states; the disequilibrium of one leads to rearrangements that
bring about new disequilibria, producing further rearrangements, and
so on until relative stability, known as maturity, is reached.

(Lenneberg 1967: 376)

Accordingly, on Lenneberg’s conception of maturation, including the growth/
development of human language, the child will go through various states of cog-
nitive disequilibria until reaching a state of cognitive relative equilibrium/stability,
as depicted in figure 2.

Figure 2: Schematic of the traversing of various cognitive states in maturation according to
Lenneberg (1967).
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As he remarks:

Language-readiness is an example of such a state of disequilibrium dur-
ing which the mind creates a place into which the building blocks of
language may fit, (Lenneberg 1967: 376)

where the created place corresponds to what he refers to as a “biological matrix” (p.
394) of the latent structure, which virtually corresponds to Chomsky’s (1965) lan-
guage acquisition device (LAD) for first language acquisition in generative gram-
mar. Lenneberg also adds:

The realized structure or outer form of the language that surrounds the
growing child serves as a mold upon which the form of the child’s own
realized structure is modeled. (Lenneberg 1967: 377)

Hence, Lenneberg’s first language development model can be depicted as shown
in figure 3.

Figure 3: Schematic of Lenneberg’s (1967) biological matrix for first language acquisition.

Furthermore, Lenneberg (1967: 383) clearly states that the biological capac-
ity for utilizing the primary linguistic data as the language input is to be regarded
as “breaking down of elements and resynthesizing them” to construct a particular
grammar on the basis of the biological matrix of the latent structure. In fact, regard-
ing the process of first language acquisition undertaken by the child by employing
a biological matrix, Lenneberg furnishes the following explanation:

Maturation brings cognitive processes to a state that we may call lan-
guage-readiness. The organism now requires certain raw materials from
which it can shape building blocks for his[/her] own language develop-
ment. The situation is somewhat analogous to the relationship between
nourishment and growth. The food that the growing individual takes in
as architectural raw material must be chemically broken down and re-
constituted before it may enter the synthesis that produces tissues and
organs. The information on how the organs are to be structured does
not come in the food but is latent in the individual’s own cellular com-
ponents. The raw material for the individual’s language synthesis is the
language spoken by the adults surrounding the child. The presence of
the raw material seems to function like a releaser for the developmental
language synthesizing process.

(Lenneberg 1967: 375; emphasis in original)

Thus, Lenneberg’s conception of the relation between primary linguistic data and
language growth can be illustrated as in figure 4 which shows this relation in direct
comparison with that between nourishment and physical growth.
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Figure 4: Comparison between food and language. The relation between nourishment and physical
growth in (a), as well as primary linguistic data and language growth in (b).

While the architectural building blocks in the case of physical growth can
be assumed to be proteins, the counterparts in the case of language growth can be
regarded as lexical items LIs (rather than words) entering into structure-building in
the sense standardly used in generative grammar. As investigation into this issue
itself deserves a separate paper, I will not pursue it further here.

2.1.2. Language Capacity as Independent From Its Externalization

As summarized in Chomsky (2013, 2016, 2017a, 2017b), the generative enterprise
of investigation into the nature of human language has reached the clear conclu-
sion that we should regard “language as meaning with sound (or some other ex-
ternalization, or none)” on the basis of empirical evidence concerning structure-
dependence over linear order in syntax and semantics, reversing Aristotle’s (1938)
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Figure 5: Architecture of human language according to Lenneberg (1967). Given that the realized
structure can be actualized from the latent structure through the Tadoma method, vibrotaction is
included as another modality for externalization.

classic dictum that “language is sound with meaning” (see also Berwick et al. 2013,
Everaert et al. 2015).

In this connection, it is worth noticing that Lenneberg (1967) already held an
idea similar to Chomsky’s (1965, 1967) distinction between competence and perfor-
mance (see Lenneberg 1967: 284 for reference to Chomsky 1967). Lenneberg con-
siders the brain-internal language system as the capacity for language, which is in-
dependent from its externalization. He asserts that externalization, for instance, by
speech, is “accessory” to the development of the language capacity in light of con-
siderations of various cases of child language disorders (see also Lenneberg 1962,
1964 for more detailed discussion on child language disorders).2 For instance, the
following excerpt on a case of a child with congenital anarthria clearly illustrates
this point:

Congenital anarthria, as reported here, is a rare condition, but the case
is by no means unique, and the discrepancy between speech skills and
the capacity for understanding may, indeed, be observed in every child.
The theoretical importance of the extreme dissociation between percep-
tive and productive ability lies in the demonstration that the particular
ability which we may properly call ‘having knowledge of a language’ is not
identical with speaking. Since knowledge of a language may be estab-
lished in the absence of speaking skills, the former must be prior, and, in
a sense, simpler than the latter. Speaking appears to require additional
capacities, but these are accessory rather than criterial for language de-
velopment. (Lenneberg 1967: 308; emphasis in original)

With respect to the independence of the capacity for language from input
modalities, Lenneberg is perceptive enough to point this out in chapter 8:

Language acquisition is not dependent in man upon processing of acous-
tic patterns. There are many instances today of deaf-and-blind people
who have built up language capacities on tactually perceived stimulus
configurations. (Lenneberg 1967: 330–331)

(Also see C. Chomsky 1986 and Gleitman & Landau 2013 for intriguing discussion
on language acquisition by deaf-blind children on the basis of a vibrotactile method

2 Note that, as mentioned above, this view is virtually in line with the recent thesis in the min-
imalist program that externalization is altogether ancillary to I-language (see Chomsky 2013,
2016, 2017, Berwick & Chomsky 2016 and references therein).
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of speech perception called the Tadoma method of speechreading.) Furthermore,
the case of sign as a relevant modality is also now familiar to us due to remarkable
progress in investigation of sign languages (see Petitto et al. 2016 and references
therein inter alia).

In sum, Lenneberg’s picture of human language architecture can be depicted
as shown in figure 5 above.

2.2. Lenneberg’s First Language Development Model

2.2.1. Critical Period Hypothesis

One of the integral components of Lenneberg’s biolinguistic framework lies in the
very notion of a “critical period” for first language development. Although the con-
cept of the critical period for first language development was originally entertained
by Penfield & Roberts (1959), it was clearly proposed in the context of biological
foundations of language by Lenneberg (1967) for the first time.

The critical period for first language development corresponds to a time span
during which an individual can automatically acquire his/her mother tongue by
mere exposure to some samples of it without any conscious and labored effort,
and, as Lenneberg depicts,

the individual appears to be most sensitive to stimuli at this time and to
preserve some innate flexibility for the organization of brain functions
to carry out the complex integration of subprocesses necessary for the
smooth elaboration of speech and language. (Lenneberg 1967: 158)

Here, “some innate flexibility for the organization of brain functions” in question
refers to plasticity of the brain with respect to potentiality for physiological read-
justment of either hemisphere to assume the language function in the case of brain
lesions, which is operative before the end of the critical period (see Lenneberg 1967:
150–152).

With figure 2 above in mind, Lenneberg (1967) put forth the critical period
hypothesis for first language acquisition, in which the onset of the critical period
is the point of language-readiness as a state of disequilibrium and its end marks
the point of relative stability (also see Lenneberg 1969). Taking stock of a variety
of cases of child language acquisition (both normal and handicapped), he hypoth-
esizes that the critical period at stake corresponds to the time span from around 2
years to around 12 or 13 years, as illustrated in figure 6 below.3

The rationale behind the presumed onset and end of the critical period at
around 2 and 12–13 years of age, respectively, comes from the following facts,

3 The critical period of the auditory system is known to be much earlier than two years (see
also fn. 20 in the text). Shultz et al. (2014) examined neural responses to speech sounds com-
pared with non-speech sounds in 1 to 4 months old infants using fMRI and observed neural
specialization of left temporal cortex for speech in the first months of life. While the brain
region in question continued to be responsive to speech sounds, it became less responsive to
non-speech sounds. Although the exact formulation of the notion of critical period for first
language development in other domains has been controversial in the literature ever since the
proposal in Lenneberg (1967), I will not get into the debate here (see, e.g., Piekarski et al. 2017.
Also see Hoshi & Miyazato 2016 and references cited therein for discussion and reflection on
this debate).
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Figure 6: Schematic depiction of Lenneberg’s original conception of the critical period for first lan-
guage development.

among others:4 First of all, even if brain lesions occur in either side of the brain
in a child during the first two years of life, he/she could begin to speak at the usual
time; otherwise, speech disturbances would result, though they are overcome in
less than two years’ time before the critical period ends around 12–13 years of
age (Lenneberg 1967: 151). Furthermore, while the acquisition of language pro-
ceeds through the same fixed developmental stages in the retarded as well, such as
children with Down’s syndrome, their language development tends to come to a
standstill after age 12–13 (Lenneberg 1967: 154–157).

During this period children could acquire their mother tongue on a biolog-
ically determined course of language development, given appropriate linguistic
input from their environment. Lenneberg also remarks that

it is interesting that the critical period coincides with the time at which
the human brain attains its final state of maturity in terms of structure,
function, and biochemistry (electroencephalographic patterns slightly
lag behind, but become stabilized by about 16 years). Apparently the
maturation of the brain marks the end of regulation and locks certain
functions into place. (Lenneberg 1969: 639)

As amply documented and clearly demonstrated in Lenneberg (1967: Chs. 4
& 5), in ordinary child aphasia, brain lesions in the left hemisphere in a child do not
prevent other parts (of the same hemisphere or) of the right hemisphere in the child
from ontogenetically developing the language function by taking over the role and
establishing a properly functioning language-related neural network, to the extent
that he/she is still within the critical period thanks to plasticity of the brain (see
also Hirsch et al. 2006). See also the discussion in section 3.

Although the fact that Lenneberg (1967) formulated the critical period hy-
pothesis for first language acquisition is well-known among linguists, unfortu-
nately, his original version of the critical period hypothesis does not seem to be un-
derstood correctly and appreciated fairly in the literature. First of all, Lenneberg’s
critical period is only concerned with first language acquisition and he does not say
anything clear about second/foreign language acquisition. Furthermore, although

4 Genie’s case in Curtiss (1977) has also been known as a strong piece of evidence in support of
Lenneberg’s (1967) critical period hypothesis in the literature. See the short discussion of this
in section 4.
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the term has been commonly used in the broad notion of “first language acquisi-
tion” in the literature, it should be noted that Lenneberg’s original version of the
critical period hypothesis only applies to the ontogenetic development of language
capacity and crucially it claims that linguistic output/externalization, for example,
by articulation, is not subject to such a critical period (see Lenneberg 1967: 158).
Hence, the development of the system for articulatory motor skills is free from the
critical period at stake under Lenneberg’s (1967) critical period hypothesis for first
language development.

In sum, the essence of Lenneberg’s (1967) original version of the critical pe-
riod hypothesis for first language development can be stated as follows: Only the
capacity for language is subject to the time constraint of the critical period (i.e. from
approximately 2 years of age to 12–13 years of age) and thus externalization of the
capacity for language does not respect the time constraint of the critical period.

2.2.2. Resonance Theory

Then, how do human children take in the primary linguistic data for developing
their first language in the schematic in figure 3? Lenneberg rightly notes the need
for “social settings as a trigger that sets off a reaction” (Lenneberg 1967: 378) for first
language development. He appeals to the concept of “resonance” as a metaphor in
his conceptualization of first language development model as follows:

Perhaps a better metaphor still is the concept of resonance. In a given
state of maturation, exposure to adult language behavior has an excita-
tory effect upon the actualization process much the way a certain object
begins to vibrate in the presence of the sound. In the case of language
onset, the energy required for the resonance is, in a sense, supplied by
the individual him[/her]self. (Lenneberg 1967: 378)

Regarding the resonance analogy, he also adds that it vividly illustrates “how
slight variations in the frequencies that impinge on the resonator may affect the
quality or nature of the resonance” (Lenneberg 1967: 378). For that matter, he also
discusses social aspects of behavior including language as follows:

Certain social phenomena among animals come about by spontaneous
adaptation of the behavior of the growing individual to the behavior
of other individuals around him[/her]. . . . In all types of developing
social behavior, the growing individual begins to engage in behavior as
if by resonance; he[/she] is maturationally ready but will not begin to
perform unless properly stimulated. If exposed to the stimuli, he[/she]
becomes socially “excited” as a resonator may become excited when
exposed to a given range of sound frequencies [. . . ].

(Lenneberg 1967: 373–374)

Thus, under this view, the growing child is regarded as a biologically determined
specific “linguistic resonator” that spontaneously resonates to the speech spoken
by (an) adult(s) around him/her in social settings, as depicted in figure 7 below.

If you consider the spontaneous resonation in a child for first language ac-
quisition in terms of the relation among the sensorimotor (SM) system, the latent
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Figure 7: Schematic illustration of the child’s spontaneous resonation for first language acquisition
according to Lenneberg (1967).

structure, and the realized structure, you can regard audition, vision, or vibrotac-
tion via the SM system as triggering spontaneous resonation in the child armed
with the latent structure, and the latent structure of the resonating child will be
led to his/her realized structure by gradually and spontaneously “synchronizing
with” the comparable realized structure in the adult(s) interacting with him/her.

It seems that Lenneberg’s metaphorical notion of “spontaneous resonance”
in the child acquiring his/her first language goes well with his strong thesis in the
beginning of his chapter 1 that says:

A major objective of this monograph is [. . . ] to show that reason, dis-
covery, and intelligence are concepts that are as irrelevant for an expla-
nation of the existence of language as for the existence of bird songs or
the dance of bees.5 (Lenneberg 1967: 1)

If the spontaneous linguistic resonation is one of our biologically determined in-
stincts, the notion nicely captures our factual observation that a child is able to
acquire his/her first language without any conscious effort in achieving that goal.

With regard to the relation between the critical period and the resonation for
first language acquisition, Lenneberg states that

[o]nce the critical period during which resonance may occur is out-
grown, one language is firmly established, and exposure to new and
different natural languages is no longer resonated to.

(Lenneberg 1967: 378)

Thus, once the critical period has passed, the biologically determined autochthonous
sensitivity of spontaneous resonance to the primary linguistic data will fade out.

Recall that the raw material in the primary linguistic data is processed and
broken down into the linguistically-relevant building blocks for the child’s own lan-
guage, which must be resynthesized out of them while he/she is engaging in spon-
taneous resonation for first language acquisition, as illustrated in figure 4 above.
Importantly, Lenneberg (1967: 376) clearly submits that this kind of developmen-
tal language synthesizing process on the basis of spontaneous linguistic resonation
by the child is only operative during the critical period of biologically-determined,
limited duration. In this connection, Lenneberg also notes:

5 See Crain et al. (2016), Sugisaki (2016), and Yang et al. (2017) inter alia for an in-depth theoret-
ical and empirical discussion of first language acquisition from a biolinguistic perspective.
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Resonance is linked to a postnatal state of relative immaturity and a con-
comitant lengthening of infancy and childhood, so that environmental
influences (the molding after patterns available in the environment) can
actually enter into the formative processes. (Lenneberg 1967: 392)

2.3. Speech Production and Brain Rhythmicity

Based on the view that the neural messages that are relevant to speech and lan-
guage are “temporally coded signals” (Lenneberg 1967: 222), Lenneberg already
entertained the following conjecture on brain oscillations:

[s]pontaneous rhythmic activities of ganglia and even individual cells
and fibers have been studied for many years now. It is entirely conceiv-
able that these oscillations may serve a function that is analogous to the
FM carrier frequency. (Lenneberg 1967: 216)

Furthermore, concerning brain rhythmicity, Lenneberg also notes that:

It has long been known that the universally observed rhythmicity of the
vertebrate brain [. . . ] or central nervous tissue, in general [. . . ] is the un-
derlying motor for a vast variety of rhythmic movements found among
vertebrates. If our hypothesis is correct, the motor mechanics of speech
(and probably even syntax) is no exception to this generalization, and
in this respect, then, speech is no different from many other types of an-
imal behavior. In man, however, the rhythmic motor subserves a highly
specialized activity, namely speech. (Lenneberg 1967: 119)

On the recognition that “rhythmic activity is a fundamental property of the
vertebrate brain” (Lenneberg 1967: 116), Lenneberg also makes the following re-
mark about a spontaneous dominant steady brain rhythm of approximately 7 Hz
or faster over the temporo-parietal regions that is closely related to speech:6

It is also interesting to note that children do not begin to develop speech
until their brains have attained a certain degree of electro-physiological
maturity, defined in terms of an increase with age in the frequency of
the dominant rhythm. Only when this rhythm is about 7 cps [= Hz] or
faster (at about age two years) are they ready for speech development.

(Lenneberg 1967: 117)

In addition, Lenneberg proposes that there exists a physiological rhythm in
speech which functions as an organizing principle/timing device for articulation
with a duration of one-sixth of a second as the basic time unit in the programming
of motor-speech patterns, virtually corresponding to the time unit for a syllable,

6 The need for the emergence of this particular brain rhythmicity over the temporo-parietal re-
gions for speech development in children seems to make sense, given that the dorsal-pathway
for speech production crucially involves these brain regions, according to Hickok & Poeppel’s
(2007) dual-stream model of speech processing (see also Hickok 2009, 2012, Hickok et al. 2011).
Also see Deonna & Roulet-Perez (2016) and Hoshi & Miyazato (2016) for some discussion on
the dual-stream model of speech processing in connection with LKS, which will be taken up
in section 3 in the text.
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and that the timing mechanism renders the temporal ordering of speech events
physically possible, using the metaphor that “[t]he rhythm is the grid, so to speak,
into whose slots events may be intercalated” (Lenneberg 1967: 119).

The rationale behind Lenneberg’s (1967) “basic timing mechanism” hypoth-
esis is that neuromuscular automatisms for speech require an underlying physio-
logical rhythm of periodic changes of “states” at a rate of approximately six cycles
per second, i.e., 6+/–1 Hz. Thus, it is assumed that about one-sixth of a second is a
fundamental temporal unit for articulatory programming in speech.

Interestingly, Lenneberg (1967) links this basic temporal frequency of 6+/–1
Hz for speech to the dominant steady brain rhythm of about 7 Hz over the temporo-
parietal regions mentioned above as an instance of neurological correlates in elec-
troencephalogram (EEG).7 Although the frequency band in the frontal lobe, espe-
cially (pre-)motor areas and Broca’s area, necessary for speech development in a
child is not reported in Lenneberg (1967), I will assume that a comparable or higher
frequency range is required in these regions as well for speech development in a
child.8 This can be validated by Giraud et al. (2007), who incorporate MacNeilage
& Davis’s (2001) Frame/Content (F/C) theory for speech production and Poeppel’s
(2003) Asymmetric Sampling in Time (AST) theory for speech perception. Follow-
ing MacNeilage & Davis (2001) and Poeppel (2003) in seeking to link speech pro-
cessing to neural oscillations in the brain, Giraud et al. make the following obser-
vation on the basis of simultaneous EEG and fMRI recordings:

spontaneous EEG power variations within the gamma range (phonemic
rate) correlate best with left auditory cortical synaptic activity, while
fluctuations within the theta range correlate best with that in the right.
Power fluctuations in both ranges correlate with activity in the mouth
premotor region, indicating coupling between temporal properties of
speech perception and production. (Giraud et al. 2007: 1127)

Moreover, particularly interesting observations in Giraud et al. (2007) are
the correlations between EEG and hemodynamic (fMRI) fluctuations in (pre)motor
cortices. They found that, while 3–6 Hz EEG band is related to the motor region
that controls movement of the mouth, 28–40 Hz EEG band is linked with the motor
region that is responsible for controlling movement of the tongue. In light of this re-
sult, Lenneberg’s (1967) observation on the relation between brain rhythmicity and
speech development in a child seems to make sense. Given that speech production
involves fine articulatory movements of the mouth and the tongue and that the 3–6
Hz EEG band and the 28–40 Hz EEG band are required to control movement of the
mouth and the tongue in adults, respectively, it does not come as a surprise that
brain oscillations with approximately 7 Hz or faster frequencies are needed to ini-
tiate speech development in a child, involving fine articulatory movements of both

7 It is well-known that the most common brain rhythms have been classified by frequency, e.g.,
delta (d) (0.5 – 4 Hz), theta (j) (4 – 10 Hz), alpha (a) (8 – 12 Hz), beta (b) (10 – 30 Hz), and
gamma (g) (30 – 100 Hz), and those brain oscillations are reflections of synchronized neuronal
activities in various cortical and subcortical structures (see Buzsáki 2006, Buzsáki & Watson
2012, Murphy 2015, 2016, Fernández 2015 inter alia). Delta /theta waves and beta/gamma
waves are classified as slow waves and fast waves, respectively (see Bear et al. 2007).

8 See Benasich et al. (2008) and Gou et al. (2011) for recent findings that the emergence of resting
high-frequency gamma power neural synchrony in the frontal lobe across the first three years
is crucial for early linguistic and cognitive development in a child.
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the mouth and the tongue. I submit that these specific frequency bands should be
taken into account in applying the non-invasive neuromodulation technology of
transcortical direct current stimulation (tDCS; see Nitsche & Paulus 2000 inter alia)
as a possible medical intervention for speech recovery in LKS, which will be ad-
dressed in the next section (see Hoshi & Miyazato 2016 for the proposal of using
tDCS for speech and comprehension recovery in LKS).

In other words, Lenneberg (1967) makes the case that proper and stable de-
velopment of particular brain rhythmicity as reflected in EEG patterns is required
for emergence of speech in language development. In the final analysis, it is to be
highly evaluated that, at the time when EEG-based investigations into language
and cognition were not as sufficiently sophisticated as in our time, Lenneberg had
already paid attention to the importance of scrutinizing patterns of brain oscilla-
tions in searching the biological nature of human language. In this sense, Lenneberg
(1967) precedes the above-mentioned works in identifying the fundamental direc-
tion for theorizing on the relation between neuronal oscillatory patterns and lin-
guistic performance of speech perception and speech production in natural lan-
guage.9

3. Lenneberg’s Child Aphasiology and its Application to LKS

3.1. Lenneberg’s View on Aphasia in General

Lenneberg (1967) argues that aphasia in general has the following properties: (i)
aphasic patients’ capacity for language is not lost, but it is merely interfered with;
(ii) aphasic symptoms are caused by disorders of timing/temporal integration mech-
anisms in charge of yielding proper orders of linguistic units.

Concerning (i), Lenneberg makes the following point on the basis of a survey
of the clinical pictures of a variety of language and speech disorders, including re-
ceptive disorders, expressive disorders (subfluency, superfluency, semantic distur-
bances, difficulty in word finding, paraphasic disturbances), disorders of manner
of production (errors of order, dysarthria, discoordinations):

The most striking common denominator in aphasia is the ubiquitous ev-
idence that the patient has not literally “lost” language; that is, he[/she]
is not returned to a state of no language such as an animal or even a per-
son who forgot everything he[/she] once knew in a foreign language.
[. . . ] In the literal sense of the word, the patient’s language skills are
merely interfered with; there are disturbances of cerebral function. Nei-
ther discrete words nor discrete grammatical rules are neatly eliminated
from the store of skills. [. . . ] [C]areful observation of the recovery pro-
cess during the critical post-morbid period, makes it very plain that the
patient does not start with specific lexical or grammatical lacunae, but
that some basic physiological processes relating to activating, monitor-
ing, or processing of speech are deranged. If there is clinical improve-

9 It might be worth investigating whether or not the postulated ability/function for sponta-
neous resonation in a child acquiring his/her mother tongue in figure 7 would be significantly
correlated with the emergence and development of a particular brain rhythmicity in him/her
in the maturational course.
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ment, it is not due to the acquisition of new vocabulary or grammatical
rules, but to release from inhibitory factors, to faster acting memory,
to better controlled organization of elements, etc. Thus the distinction
between loss of language and interference with skills leads to different
approaches in rehabilitation and management of patients with aphasia.

(Lenneberg 1967: 207)

Thus, Lenneberg regards aphasics as just having lost the ability of utilizing the
language inside the brain for comprehension and production due to interference
by brain lesions rather than having lost the language capacity itself. Accordingly,
the realized structure (= capacity for language) established should remain there
within the brain in aphasics.

With respect to (ii), in light of the tenet that time is the most significant dimen-
sion in language physiology, Lenneberg argues that aphasic symptoms in general
can be characterized as disorders of timing/temporal integration mechanisms,10 as
can be appreciated by the following passage in the conclusion of chapter 5 of his
book:

Language is never totally and specifically lost except in combination
with complete disruption of cognition. All disorders are aspects of inter-
ference with physiological processes prerequisite for the normal func-
tion of speech and language. Aphasic symptoms give no evidence of a
fragmentation of behavior, that is, of dissolution of associatively linked
‘simpler percepts.’ Most of the symptomatology may be seen as disor-
der of temporal integration, of ‘lack of availability at the right time.’

(Lenneberg 1967: 222)

In addition, from Lenneberg’s perspective of the architecture of human lan-
guage as depicted in figure 5 above, (ii) can be interpreted as claiming that aphasia
is generally caused by dysfunction of the sensorimotor (SM) system that is respon-
sible for programing and implementing temporal sequencing of linguistic units
for externalization, while the hierarchically structured expressions (associated with
such linguistic units) generated by core syntax in the realized structure remain vir-
tually intact.

3.2. Lenneberg’s View on Child Aphasia

On a par with acquired adult aphasia, acquired ordinary child aphasia involves
some sort of organical brain lesions due to traumas, tumors, or cerebrovascular
damages. Interestingly, however, unlike aphasia incurred in adulthood, ordinary
child aphasia will generally be overcome if it strikes the child early enough in life

10 Lenneberg is also perceptive in suggesting that

[c]ortical lesions primarily interfere with temporal integration of a higher order
(words or grammatical category), whereas deeper lesions disrupt the necessary
convergence of various afferent signals and the intimate coordination and inte-
gration for efferent impulses, thus producing disorders of production.

(Lenneberg 1967: 222)
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(Lenneberg 1967, 1969).11 In fact, Lenneberg summarizes the relation between plas-
ticity and lateralization of the brain in aphasia involving some brain lesions as fol-
lows:

Aphasia is the result of direct, structural, and local interference with
neurophysiological processes of language. In childhood such interfer-
ence cannot be permanent because the two sides are not yet sufficiently
specialized for function, even though the left hemisphere may already
show signs of speech dominance. Damage to it will interfere with lan-
guage; but the right hemisphere is still involved to some extent with
language, and so there is a potential for language function that may
be strengthened again. In the absence of pathology, a polarization of
function between right and left takes place during childhood, displacing
language entirely to the left and certain other functions predominantly
to the right [. . . ]. If, however, a lesion is placed in either hemisphere,
this polarization cannot take place, and language function together with
other functions persist in the unharmed hemisphere.

(Lenneberg 1967: 153)

Thus, according to Lenneberg, the following generalization emerges for ac-
quired ordinary child aphasia:

(1) Lenneberg’s Generalization on Acquired Ordinary Child Aphasia
The earlier the onset of the disorder is, the better the prognosis for recovery
will be (see Lenneberg 1967: 153, 178. See also Lenneberg 1969, 1975 for
further discussion).12

The pattern for ordinary child aphasia in (1) seems to be quite expected in
the light of plasticity of the child brain in connection with Lenneberg’s (1967) crit-
ical period hypothesis. If the onset of the language disorder is earlier, the relevant
language function would be relocated or compensated for by the use of other parts
of the (ipsilateral or contralateral) language-related brain regions to the extent that
the child is still within the critical period.13 This means that, in the case of ordinary

11 See also Alajouanine & Lhermitte (1965) for a similar conclusion that the prognosis for ac-
quired aphasia with lesions in childhood is definitely better than that in the adult.

12 In fact, Lenneberg infers that “language learning can take place, at least in the right hemisphere,
only between the age of two to about thirteen,” (Lenneberg 1967: 153) namely, during the
critical period for first language acquisition that Lenneberg postulated.

13 There is a statement in Lenneberg (1967) that complicates the situation:

If aphasia strikes the very young during or immediately after the age at which
language is acquired (between 20 to 36 months of age), the recovery is yet dif-
ferent. Cerebral trauma to the two or three year old will render the patient
totally unresponsive, sometimes for weeks at a time; when he[/she] becomes
cognizant of his[/her] environment again, it becomes clear that whatever begin-
ning he[/she] had made in language before the disease is totally lost, but soon
he[/she] will start again on the road toward language acquisition, traversing all
stages of infant vocalization, perhaps at a slightly faster pace, beginning with
babbling, single words, primitive two-word phrases, etc., until perfect speech is
achieved. In the very young, then, the primary process in recovery is acquisi-
tion, whereas the process of symptom-reduction is not in evidence.

(Lenneberg 1967: 146, 150)
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child aphasia, the child could overcome the aphasic state by appealing to plastic-
ity of the neural network under development in the brain before the full maturity
of the neural network is attained in accordance with the biologically determined
critical period for first language acquisition.

Provided that Lenneberg’s original version of the critical period hypothesis
and his general view on aphasia were on the right track, it would yield a significant
implication to the study of child aphasia. Even if a child is suffering from childhood
aphasia, it is predicted that, in principle, there should be a case where externalization
of “inner language,” i.e., language capacity as either a partially actualized form or
a fully actualized form of the latent structure, could happen even after the critical
period ends, once the deficit in the neural system for articulatory motor skills for
externalization is removed or disappears, on the condition that the core biologically
determined system of the latent structure remains virtually intact in the child with
aphasia and that acquisition of the mental lexicon along with language-particular
morpho-phonology, syntax, and semantics should become possible by the end of
the critical period. As Hoshi & Miyazato (2016) point out, this prediction is borne
out by a certain childhood aphasia of epileptic origin, which I will be addressing in
the next section.14

3.3. Landau-Kleffner Syndrome and Lenneberg’s Critical Period Hypothesis

3.3.1. LKS: Epileptogenic Child Language Disorder

Landau-Kleffner syndrome (LKS) is a clinically rare language disorder of acquired
childhood aphasia involving epilepsy (with or without clinical seizures), which
was first reported by Landau & Kleffner (1957).15 LKS emerges with epileptiform
electroencephalographic (EEG) abnormalities typically involving continuous spike
waves during slow sleep (CSWS) over the temporal regions, and unlike ordinary
childhood aphasia, it does not implicate any particular brain lesions (Gordon 1990,
Deonna 1991, 2000). While computed tomography (CT) and magnetic resonance

If this is the case in general, in acquired ordinary child aphasia with early onset, there is
a possibility that partially or fully acquired realized structure will be lost by brain lesions.
Nevertheless, it is not clear whether the partially or fully attained realized structure in such
very young aphasics is truly lost altogether, or whether it is in fact still there in the brain but
its externalization by speech is either merely interfered with and blocked or does not start yet
(recall that a child’s dominant brain rhythm over the temporo-parietal regions will reach 7 Hz
or faster around 2 years of age), given Lenneberg’s view on aphasia in general (see Lenneberg
1967: Ch. 5).

14 Considering and comparing significant differences between LKS and other childhood
aphasias/language disorders would go well beyond the scope of the current paper. See Bishop
& Leonard (2000) inter alia for invaluable discussion and relevant references.

15 See, for example, Deonna & Roulet-Perez (2016) for the most recent review and the most
comprehensive discussion on LKS in the framework of epilepsy-aphasia spectrum. See also
Steinlein (2009) for an in-depth description of LKS in the framework of epilepsy-aphasia syn-
dromes. A Biolinguistics reviewer rightly remarked that LKS is not as clearly defined in the
literature as one would probably expect, pointing out that Rapin et al. (1977) among others
do not regard LKS as childhood aphasia but as verbal auditory agnosia. However, given that
LKS patients, who suffer from verbal auditory agnosia, typically exhibit expressive language
disorder as well at least during the acute period, I will include LKS under the general cate-
gorial term “childhood aphasia” in the text by broadly construing the notion of “aphasia” as
referring to the state of either apparently sensory or expressive language disorders or both.
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imaging (MRI) findings on patients with LKS are normal, single photon emission
computed tomography (SPECT) and positron emission tomography (PET) studies
on the patients show temporal lobe abnormalities in brain perfusion and glucose
metabolism, i.e., decreased perfusion and hypometabolism, respectively (DaSilva
et al. 1997, Pearl et al. 2001, and references therein; see Deonna & Roulet-Perez
2016 for other patterns.)

The child with LKS first undergoes a period of normal development of lan-
guage, but usually after the onset of the disorder, the “language attained thus far”
starts regressing. In LKS, it is quite common that both language comprehension
and language production acutely or insidiously become extremely difficult or im-
possible, often leading to apparent deafness and mutism in the child suffering from
it (see Gordon 1990, 1997, Tharpe & Olson 1994, Kaga 1999, 2011, Pearl et al. 2001
inter alia for more details). Moreover, in addition to the language disorder, the EEG
abnormalities in LKS also cause behavioral and psychiatric disturbances such as
hyperactivity, aggressive behavior, impulsivity, and attentional problems, which
resemble autism spectrum disorders (ASD) (Stefanatos 2011, Mikati et al. 2010).

To be more specific about the language disorder in LKS, the epileptic dis-
charges over the temporal regions, as reflected in the EEG abnormalities, will result
in the child with LKS having extreme difficulty or impossibility of hearing linguis-
tic sounds due to the dysfunction of the system of processing linguistic sounds
in the non-primary auditory cortices during the active phase of LKS (Hirsch et al.
2006). Given that LKS patients could acquire a sign language even if they cannot
restore their original spoken expressive language (see Deonna et al. 2009, Deonna
& Roulet-Perez 2016 and references therein), it is clear that the childhood aphasia in
LKS, which is caused by abnormal epileptic discharges over the temporal regions,
only affects the SM system responsible for speech perception and speech produc-
tion while the system of the language capacity remaining virtually intact.

This crucially means that virtually no linguistic input would become avail-
able during the active period and that no further primary linguistic data (PLD)
would become accessible if the child with LKS were to be still in the process of first
language development. I believe that the very notion of spontaneous resonance is
also of service in considering LKS, because it is plausible to assume that sponta-
neous resonance illustrated in figure 7 is fatally blocked or disturbed in such a case
of childhood aphasia, due to the epileptic discharges over the temporal regions af-
fecting both hemispheres, which hampers brain plasticity, and the related difficulty
of taking in verbal auditory input by the deficit of the system of spectrotemporal
analysis in the superior temporal gyri (see Hoshi & Miyazato 2016 for details). This,
in turn, suggests that the ability of processing linguistic sounds would, in principle,
come back once the EEG abnormalities are either removed or disappear in LKS.

Moreover, the clinical seizures are generally infrequent and LKS-related epilep-
tic clinical seizures themselves can be easily controlled by a single anti-epileptic
medication: benzodiazepines such as clobazam (Pearl et al. 2001), valproate, and
ethosuximide (Mikati et al. 2010). Although the epileptiform EEG abnormali-
ties themselves cannot be easily suppressed by such anti-epileptic medication, the
paroxysmal EEG abnormalities will improve gradually and usually disappear spon-
taneously by around 14 years of age in LKS (Massa et al. 2000, Robinson et al. 2001,
Ramanathan et al. 2012, Deonna & Roulet-Perez 2010, 2016). Thus, it is quite nat-
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ural to assume that verbal auditory input would become possible gradually well
before 14 years of age and the quality of linguistic input would concurrently im-
prove during the process of gradual amelioration of the EEG status in LKS.

Given that a child will acquire the core linguistic competence by around three
years of age (Lenneberg 1967, Pinker 1994, O’Grady 2005) in a normal course of first
language acquisition and that approximately 80 % of LKS has the onset ranging
from three years old to eight years old (Kaga 2000), but that the earliest onset of
LKS occurs around 18 months of age (Uldall et al. 2000), Hoshi & Miyazato (2016)
divide LKS into two broad sub-types of what they call early LKS and ordinary LKS,
defining them as follows:

(2) a. Early LKS has the onset before 3 years of age, when the affected child
has not yet established the core linguistic competence sufficiently.

b. Ordinary LKS refers to all other cases of LKS.

Interestingly enough, there are some children with early LKS who would be
able to experience something like a linguistic big bang. Uldall et al. (2000) observe
that their patient with early LKS (with onset at 18 months) speeded up language
acquisition in his “catch-up periods” in such a way that he acquired vocabulary
that would have normally taken one whole year to acquire was developed in just
three months after the age of five years. They remark that

the normal spurt of vocabulary usually seen at the age of 17–19 months
seemed to have been blocked until it was ‘released’ by the prednisone
course at the age of 5 years. (Uldall et al. 2000: 85)

As this case indicates, as long as the “inner language,” or the realized structure in
the sense of Lenneberg (1967) or I-language in the sense of Chomsky (1986), is estab-
lished before the critical period ends, externalization of the inner-language would
be possible even later in life, presumably producing the linguistic big bang.16 No-
tice that, as long as externalization of the inner language is not subject to the critical
period, as claimed in Lenneberg (1967), such a linguistic big bang, in principle,
could occur even after the critical period ends in early LKS.

Thus, the prognosis patterns of LKS patients is that approximately 50 % of the
patients recover fully and about 50 % of the remaining patients recover partially af-
ter a certain period of time (Mikati et al. 2010), which is remarkable in contrast
with the case of autistic regression in autism spectrum disorders (ASD) (see Hoshi
& Miyazato 2016 and references therein).17 Furthermore, curiously enough, un-
like ordinary child aphasia, for which Lenneberg’s generalization in (1) holds, LKS
tends to display just the opposite pattern. Namely, the earlier the onset of the disor-
der is, the worse the prognosis will be (see, e.g., Bishop 1985).18 That is, a younger

16 Note that Lenneberg’s remark cited in the excerpt on page 96 also applies to the case of the lin-
guistic big bang in early LKS in that the patient will not lose the acquired linguistic knowledge
and will not re-start language acquisition from scratch.

17 While the patient with ordinary LKS would be highly likely to recover from the state of apha-
sia in a relatively short period of time, the patient with early LKS would either recover from
such a state after a relatively long period of time or not recover from it.

18 This description does not express absolute correlations but just tendencies. In reality, much
more complicated and varied patterns are clinically observed in specific cases in the literature
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age of the onset of the language disorder is generally related to a dimmer prognosis
for recovery from the state of aphasia in LKS.

Accordingly, the general tendency of childhood aphasia in LKS appears to
be just the opposite of Lenneberg’s generalization on the surface. However, no-
tice that, due to the very nature of LKS as a form of non-lesional, epileptogenic
aphasia in a child who is still under maturational development of linguistic and
cognitive functions, unlike ordinary child aphasia, plasticity of the brain would not
readily come into play in LKS, because epileptic discharges typically in the form
of CSWS that originally emerge unilaterally would be bilateralized by propagating
to the contra-lateral hemisphere, hampering the use of brain plasticity and imped-
ing normal functioning of the language-related neural network (Hirsch et al. 2006,
O’Hare 2008). Hence, Lenneberg’s generalization in (1) cannot be applied to LKS
on a fundamental ground in the first place.

This conjecture seems to fall into place, once Lenneberg’s (1967) perspective
and biolinguistic framework are taken into account. Recall from section 2.3. that
Lenneberg fundamentally assumes that language is realized in the brain as tempo-
rally coded patterned activities with various oscillations (see Lenneberg 1967: Chs.
4 & 5 for details). Thus, if the language-related oscillations are disturbed, as re-
flected in EEG abnormalities, it is naturally expected that “language behavior” is
also disturbed accordingly.

Nevertheless, it is important to recall that, as discussed above, such parox-
ysmal EEG abnormalities will gradually ameliorate and usually disappear spon-
taneously by around 14 years of age (Massa et al. 2000, Robinson et al. 2001, Ra-
manathan et al. 2012, Deonna & Roulet-Perez 2010, 2016). Thus, in accordance with
the improvement of the EEG abnormalities, the quality of linguistic input would be-
come better little by little as the child with LKS passes through the critical period.
This should in turn facilitate at least the development of the realized structure in
the sense of Lenneberg (1967) even in the case of early LKS.

3.3.2. Some Implications to LKS

First of all, if LKS falls under the category of child aphasia, Lenneberg’s child apha-
siology suggests that the capacity of language itself is not lost but should exist
within the brain of the child with LKS, although it is interfered with somehow (but
see fn. 13). As already discussed in sections 3.2. and 3.3.1., in the case of ordinary
child aphasia, the interference is due to brain lesions; whereas, in the case of LKS,
it is caused by epileptic discharges over the temporal regions that involve bilater-
alization of an originally unilateral focus. Given that the critical period spans from
around 2 years of age to around 12/13 years of age, it is imperative that linguistic
input become available again to the child with LKS before the critical period ends.
This would guarantee that the latent structure be actualized into the full-fledged
realized structure within the critical period in the sense of Lenneberg (1967), par-
ticularly in the case of early LKS. Recall that the epileptogenic EEG abnormalities

(see Deonna et al. 1977 for the varied prognosis of LKS depending on factors other than the
onset of the disorder. See also Deonna & Roulet-Perez 2016 and references therein for detailed
discussion). Moreover, the degree of recovery from LKS depends on not only the time of onset
but the response to anti-epileptic medication and the severity of communication problems (see
Pullens et al. 2015). Thus, this prognostic pattern is merely a general tendency in LKS.
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in LKS will ameliorate gradually and disappear spontaneously by around 14 years
of age. In other words, there exists a time lag between the end of the critical period
and that of the EEG abnormalities in LKS. Thus, from a medical point of view, it
is imperative to control the EEG abnormalities by the end of the critical period in
order to obtain a better prognosis in LKS (see Hoshi & Miyazato 2016 for details).19

However, recall also that externalization of the language capacity, for exam-
ple, by speech, is exempt from the time constraint of Lenneberg’s critical period. As
such, to the extent that the language capacity can develop within the critical period
in the child with LKS, he/she will have a chance to (re-)start speaking the mother
tongue even after the critical period ends.

To sum up, the relevant conjectures on LKS can be stated as follows:

(3) LKS Conjectures

a. The language capacity is not lost but exits as either a partially realized
structure (i.e. early LKS) or a fully realized structure (i.e. ordinary LKS).

b. Once linguistic input becomes available again, first language develop-
ment could re-start in early LKS within the critical period and the use of
language could be restored in ordinary LKS.

c. Externalization of the language capacity by speech, for instance, could
take place without any influence of the time constraint of the critical
period.

It seems to be quite plausible to guess that the three LKS conjectures in (3),
which are based on Lenneberg’s (1967) original version of the critical period hy-
pothesis and his view on child aphasiology, are responsible for the fact that approx-
imately 50 % of the LKS population recover fully and about 50 % of the remaining
patients recover partially in the use of their mother tongue (Mikati et al. 2010).

LKS can be interpreted as a situation where the spontaneous resonating pro-
cess for first language development has been hampered due to the disturbance
of normal brain rhythmicity by epileptiform EEG abnormalities such as CSWS.
As first language development will proceed via spontaneous resonance during
the critical period, according to Lenneberg (1967), it is of vital importance to se-
cure as much spontaneous resonance as possible during the critical period espe-
cially for the child with early LKS. If the spontaneous resonance can be secured,
re-development of the language capacity on the basis of what the LKS patient
achieved on the latent structure should be theoretically possible even in the child
with early LKS. Recall that the dominant brain rhythm over the temporo-parietal
regions has to reach about 7 Hz or faster in order for a child to be ready for speech
development.20 Thus, it is significant to get rid of the epileptiform EEG abnormal-
ities typically with CSWS in order to secure steady spontaneous brain rhythms of

19 See, for example, Faria et al. (2012) for an attempt to modulate epileptic activity focally in
patients, including a patient with LKS by employing the non-invasive neuromodulation tech-
nology of tDCS successfully. See also Arle & Shils (2017) for an introduction to the latest
development of innovative clinical neuromodulation, including tDCS.

20 Lenneberg (1967: 117) states that the dominant brain rhythm of about 7 Hz or faster frequen-
cies over the temporo-parietal regions is attained at around age 2 years in a child as a prereq-
uisite for speech development. Given that the onset of the critical period is around 2 years
of age in Lenneberg’s critical period hypothesis and early LKS could start around 18 months,
it is clear that the child with early LKS cannot start engaging in full development of speech.
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that frequency range or a much higher frequency range over those regions and pos-
sibly over (pre)motor regions including Broca’s area in the frontal lobe in the child
with LKS.

In the history of aphasiology, aphasic symptoms have often been analyzed as
“disconnection” syndromes along the lines of studies by prominent scholars such
as Carl Wernicke, Ludwig Lichtheim, Hugo Liepmann, Jules Dejerine and Norman
Geschwind (see Catani & Mesulam 2008a, b inter alia for a review). Lenneberg takes
issue with this position, claiming that

the ablation experiments reviewed earlier should be a warning to ‘apha-
siologists’ not to interpret specific clinical symptoms of aphasic patients
as disruption of associations or structural, cortical disconnections. There
is no experimental evidence that any associative bonds may be dis-
rupted by discrete cortical lesions. (Lenneberg 1967: 217)

(Also see Lenneberg 1975 for arguments in favor of such an anti-disconnection view
on aphasia.21)

If Lenneberg’s (1967) biolinguistic framework and his view on child aphasia
are fundamentally on the right track and are extendable to LKS as well, as argued
above, it will open up a new possibility for rehabilitation/medical intervention
on LKS patients who are still suffering from partial or no restoration of speech
comprehension and/or production. Hoshi & Miyazato (2016) propose to use tDCS
in facilitating speech production and comprehension in LKS patients on the basis
of Hickok & Poeppel’s (2007) dual-stream model of speech processing.

Since early LKS and autistic regression in autism spectrum disorders (ASD)
present with similar “autistic” behaviors such as hyperactivity, aggressive behav-
ior, impulsivity, and attentional problems as well as cognitive regression including
language disorders (Stefanatos 2011, Mikati et al. 2010), the two cases are partic-
ularly confusing and easily susceptible to misdiagnosis (Deonna & Roulet-Perez
2010, Stefanatos 2011. See also Hoshi & Miyazato 2016 for details). Therefore, dif-
ferentiating early LKS from autistic regression in ASD should be carried out as
early as possible within the critical period in terms of the following risk markers:
(i) whether or not the child in question has the LKS-characteristic EEG abnormal-
ities typically with CSWS; (ii) whether or not the epileptic seizures in the child, if
any, can be readily controlled by anti-epileptic medication such as benzodiazepines

On the other hand, as Kuhl (1993) and Kuhl et al. (2005) inter alia. show, the “critical pe-
riod” for phonetic perception/discrimination in infancy comes well before the end of the 1st
year of life. Note that this is not in variance with Lenneberg’s critical period hypothesis, be-
cause such a task of phonetic perception/discrimination is handled by the sensorimotor (SM)
system, which lies outside the domain of application of Lenneberg’s original version of the
critical period hypothesis as discussed in the text. If this and Lenneberg’s view on aphasia
are on the right track, it suggests that even the child with early LKS has already acquired the
ability for phonetic perception/discrimination before the onset of the aphasia and still keeps
the potential for use (but see fn. 13).

21 Based on Hickok & Poeppel’s (2007) dual-stream model of speech processing as a theoretical
foundation, Hoshi & Miyazato (2016) propose to analyze the apparently disconnection out-
look of LKS (see Tsuru & Hoeppner 2007) as an epiphenomenon, in line with Lenneberg’s
(1967) anti-disconnection view on aphasia. More specifically, they attribute the aphasic state
in LKS to the result of a “domino effect” over the dorsal pathway and the ventral pathway,
arising from the dysfunction of the system of spectrotemporal analysis in the dorsal superior
temporal gyrus (STG).
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including clobazam. Once it is found that the child is affected by LKS, proper anti-
epileptic medication should continue to be administered in order to consistently
control epileptic seizures, if any, and hopefully to precipitate improvement of the
EEG abnormalities (see Deonna & Roulet-Perez 2016) in order to make the quality
of linguistic input better so that the language capacity would grow ontogenetically
within the critical period in the LKS-affected child.22

4. Concluding Remarks

In this paper, I have revisited Lenneberg’s (1967) biolinguistic framework and his
view on (child) aphasiology in an attempt to re-evaluate his insights on biological
aspects of human language and his pioneering contributions to the field of child
aphasiology.23

As mentioned in fn. 4, one of the strong supports for Lenneberg’s (1967) crit-
ical period hypothesis has come from a study on a language-isolated child called
Genie, who was discovered isolated from language experience at age 13 and who
was only able to develop a rudimentary syntax (Curtiss 1977). In this paper, I
have aimed to show that children with LKS should be added as another type of
language-isolated children that can provide further strong empirical evidence back-
ing up Lenneberg’s biolinguistic concepts. In the case of Genie, extreme depriva-
tion of linguistic input during the critical period by her parents’ intentional iso-
lation and thus virtually no chance of spontaneous resonation to any adults sur-
rounding her led to under-actualization of the realized structure out of the under-
lying latent structure in Lenneberg’s (1967) framework.

On the other hand, LKS affords a rare opportunity to verify the validity of
Lenneberg’s critical period hypothesis from a different angle. In the case of LKS,
while sudden deprivation of linguistic input occurs either before or after the onset
of the critical period (i.e. around 2 years of age) and such a devastating condition
will continue either for a relatively short period or for a relatively long period until
presumably around 14 years old. Either way, it is highly likely that linguistic input
will gradually come back, as discussed previously, before the end of the critical
period (recall the dramatic recovery case of early LKS in Uldall et al. 2000). The
fact that approximately 50 % of the LKS population recover fully and roughly 50 %
of the remaining patients recover partially in the use of their first language (Mikati
et al. 2010) clearly indicates that LKS can indeed serve as strong “living” evidence

22 Even if the EEG abnormalities with epileptic discharges have gone by puberty/adolescence
(Massa et al. 2000, Robinson et al. 2001, Deonna & Roulet-Perez 2010, 2016), there are still
cases where restoration of speech comprehension and/or production would not likely occur
fully or at all in LKS patients (see Hoshi & Miyazato 2016 for a detailed review and discus-
sion on the various patterns of recovery in LKS patients), presumably because of an aftermath
of the acquired dysfunction of those language-related regions that involved a long-lasting
local impairment in the neural network in the regions, as reflected in residual glucose hy-
pometabolism in the relevant areas that used to be hypermetabolic during the active phase of
LKS (see Hirsch et al. 2006 for more discussion on the reason why some cases of LKS present
with difficulty for language restoration).

23 See, e.g., Benı́tez-Burraco (2016) for a concise but informative review of the current state of
the field of clinical linguistics. See also Tsimpli et al. (to appear) for discussion on language
disorders from the perspective of UG.
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demonstrating the validity of both Lenneberg’s (1967) original version of the critical
period hypothesis and his fundamental view on (child) aphasia.

As already discussed as a consequence of medical import, it should become
possible to differentiate early LKS and genuine ASD with autistic regression as a
first step, on the basis of the fact that patients with LKS present with characteris-
tic EEG abnormalities typically with CSWS and that epileptic seizures, if any, can
be easily controlled by anti-epileptic medication (see Hoshi & Miyazato 2016 for
more details). Therefore, it is expected that a much larger LKS-potential popula-
tion within the ASD-diagnosed patients might turn out to fall under the category
of early LKS and to become medically curable. In addition, although the EEG ab-
normalities in LKS will normally improve gradually and eventually disappear by
adolescence, as mentioned before, amelioration of the EEG abnormalities could
possibly be medically facilitated by the use of tDCS (see Faria et al. 2012) before
the end of the critical period so that the child with LKS would have a better prog-
nosis in both linguistic comprehension and linguistic production (see also Hoshi
& Miyazato 2016 for a concrete suggestion on the use of tDCS for such a medical
purpose). Taken altogether, I firmly believe that more attention should be paid to
LKS in the context of (neuro)biolinguistics as well as medicine.

Two other major findings in Lenneberg’s work are resonation and brain rhyth-
micity. As for resonation, it is expected that not only the language disorder but also
the behavioral disturbances observed in children with LKS and a sub-population
of children with AR in ASD might be related to malfunctioning of their proper
resonation with relevant stimuli in their environment, including individuals inter-
acting with them, due to brain rhythmicity disturbances (see Hoshi & Miyazato
2016 and references therein for some discussion on LKS and AR). Another specula-
tion concerning brain rhythmicity is that application of tDCS may be instrumental
to enhance the brain oscillations of the affected children up to the normal range of
frequencies, viz., approximately 7 Hz or faster frequencies, which is reported by
Lenneberg for speech development. Thus, I believe that these two groundbreaking
concepts are likely to contribute to elucidating the mechanisms underlying child
language and developmental disorders.

Before closing this section, I would like to refer to Lenneberg’s (1967) research
strategy in pursuing the biological aspects of human language. Recently, there is a
burgeoning interest in looking into a variety of cognitive disorders and syndromes
that affect language development such as autism spectrum disorders (ASD), spe-
cific language impairment (SLI), schizophrenia, Down’s syndrome, and Williams
syndrome among many others (see Bishop 1982, 2000, Bishop & Leonard 2000, Bil-
lard et al. 2009, Benı́tez-Burraco 2013, 2016, Benı́tez-Burraco & Boeckx 2014, 2015,
Benı́tez-Burraco & Murphy 2016, Hinzen et al. 2015, Barceló-Coblijn et al. 2015,
Hinzen & Rosselló 2015, Murphy & Benı́tez-Burraco 2016a, b, Tsimpli et al. to ap-
pear inter alia). Lenneberg (1967) also investigated not only (child/adult) aphasia
but also Down’s syndrome in an attempt to construct an integrative theory of the
biological foundations of language. It should be recognized that it was Lenneberg
(1967) that clearly demonstrated that such an enterprise requires the need for in-
depth comparison between the nature of language behavior of those people with
language-related cognitive disorders and syndromes and that of normally devel-
oped people.
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In this connection, last but not least, let me draw the reader’s attention to
another legacy of Biological Foundations of Language, which is unlikely to be men-
tioned in academic settings: Lenneberg’s dedicated sense of mission as a profes-
sional toward improving the fate of cognitively handicapped children and adults,
as revealed by the following passage in the book:

A particularly promising approach seems to be the systematic evalua-
tion of patients with various deficits, especially [. . . ] the mentally re-
tarded. Modern advances in technology and methodology in behavior
research are likely to lead to new knowledge about language function,
and thus the patients whose misfortune serves as source material for
new studies may, hopefully, eventually profit from the new advances in
our understanding of language. (Lenneberg 1967: viii)

It should be kept in mind that Biological Foundations of Language is an immor-
tal classic in the field of biolinguistics which not only set forth the fundamental
tenet of the discipline but also encouraged a noble, humanistic attitude to engage
ourselves to the biolinguistic enterprise, keeping in mind those people who are of-
ten forced to exist “on the periphery” in society, due to some chance misfortune. To
the extent that what I suggested above holds some promise, it may well be possible
to rescue a potentially large population of LKS-affected language-isolated children
in the world with Lenneberg’s “two legacies” in mind.
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