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Statistical Learning in Second Language Acquisition

Abstract

Language is a uniquely human ability (An-
derson, 2008). This bears some questions
about the nature and the mechanisms of lan-
guage and language acquisition. Tradition-
ally, Universal Grammar (UG) has been the
mainly accepted framework to explain the pro-
cess of language acquisition; however, statis-
tical learning has started to regain some pop-
ularity. In light of this, the role of statis-
tical learning in second language acquisition
is an existing question. This paper gives a
brief overview of some existing literature and
presents a speculative discussion on the issue.

1 Introduction

The roots and the mechanisms of human language
is an interesting but difficult question to tackle, es-
pecially considering it seems to be one uniquely
human quality that animals seem to be unable to
perform so far (Anderson, 2008).

To start with the very basics, in an evolutionary
sense, language is a surprising formation. When
evolution is mentioned, most of us tend to think of
it as a process of improvement on existing skills.
This is the most commonly taught type of evolu-
tionary change at schools, where there is a grad-
ual, incremental, and slow change based on nat-
ural selection. However, there is another type
of evolutionary change called punctuated equilib-
rium, which describes a rapid process of change in
a species that is usually preceded and followed by
long periods of little to no change. There has been
some ideas that language, or something that allows
for the emergence of language in humans, could
potentially be an example of this type of evolu-
tionary change (Bowern, 2006).

Duygu Bayram

So what could be this change, or what could be
the separate elements of the change, and how does
it tie into our understanding of language? For
the purposes of this paper, I will investigate first
and second language acquisition, consider these in
terms of universal grammar and statistical learn-
ing, and speculate where compositional general-
ization may come into the picture.

1.1 Universal Grammar

Historically, the idea of statistical learning has
been proposed to explain the process of learning a
language but somewhat went into the background
when Chomsky put forward his ideas about the
Universal Grammar.

Universal Grammar (UG) can be summarized as a
set of innate constraints that all languages shape
around. In other words, there are certain prin-
ciples (innate constraints) and parameters (on-off
switches for certain grammatical properties such
as pro-drop which either allows or does not allow
a language to drop nouns from sentences).

One of the main arguments of UG is the poverty
of stimulus, referring to the idea that children learn
considerable linguistic information when the input
is limited and not explained very clearly. This idea
went against the popular assumption that children
learn language through experience at the time,
similar to a simple and pure statistical learning
view. The fact that children do not receive enough
data to learn solely through experience is still a
strong argument.

UG has received enthusiastic support since then,
much of research being built on it and confirm-
ing its proposals. Two commonly known exam-
ples of this are the cases of feral children relating
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to the later developed Critical Period Hypothesis
in support of UG, and the cases of hard of hear-
ing communities inventing sign language among
themselves (Senghas et al., 2001).

1.2 The Critical Period Hypothesis

The Critical Period Hypothesis (Lenneberg, 1967)
(CPH) has also been an important finding which
suggests strong support for Universal Grammar
and serves as an important concept for our main
topic, Second Language Acquisition. There has
been several findings that children who have been
isolated from linguistic input fail to acquire full
linguistic competence when they are exposed to it
later in life (Curtiss & Whittaker, 2014). Perhaps
the most famous example is Genie, who has been
found locked up in a dark room at 13 years old.
Up until that point she had been severely neglected
and abused, and was deprived of any linguistic in-
put. While she showed some improvements and
succeeded in learning words, she seemed unable to
use grammar. This supported the notion that there
is an innate grammar required for human language
capacity, and that this was somewhat biological
and dependent on age and maturation (Lenneberg,
1967).

However, it is important to note that the find-
ings on such language impairment could be due
to the general mistreatment and neglect these iso-
lated children grow up with. It is well-know that
children in these conditions suffer from cognitive
impairments (Biicker, 2012), the demonstrated in-
ability to reach linguistic competence could be de-
pendent on this fact. Similarly, isolated deaf chil-
dren are often unable to access education, result-
ing in the same unclarity around the findings.

Regardless, traditionally, language acquisition has
mostly been thought of in terms of UG and the
critical period. First language acquisition is char-
acterized as a blank initial state, in other words,
there is no existing grammar specific to a lan-
guage, but an innate set of UG constraints (White
2003). From this starting point, children then go
through a series of developmental stages where
they acquire the right parameter settings based
on limited input from their environment. During
this developmental phase, all grammatical states
children go through fit within UG constraints,

and children then reach a “steady state grammar”
where they become native speakers of the lan-
guage.

2 Theories of Second Language
Acquisition

When it comes to second language acquisition
(SLA), the biggest difference is that the learners
already have certain parameter settings in place
because they already speak a language. The ques-
tion is then, are they only able to learn within the
constraints of these settings? Do they still have
access to UG to be able to reset the parameters?
Where does the critical period come in? How
much does the first language aid and disrupt the
SLA process?

According to White (2003) SLA can be investi-
gated under three subcategories: the initial state,
stages of development, and the final state. She
also explains that this process can be thought of
in terms of the involvement of the first language
(L1) and UG. The involvement of L1 is coined as
transfer, describing the transfer of the grammati-
cal properties of L1 to the second language (L.2)
grammar during the learning process.

Based on these, the main theories of second lan-
guage acquisition are as follows (White 2003):

1. Full Transfer/Partial Access: L1 has full in-
volvement, and there is only partial access to
UG in which the only available constraints of
UG are the ones used in the acquisition of 1.

2. No Transfer/Full Access: L1 has no in-
volvement, the learner acquires L2 much the
same way as they acquire their L1, through
full access to UG only.

3. Full Transfer/Full Access: L1 has full in-
volvement and can serve as a filter, it is used
as the initial referral point during the acquisi-
tion process, but the learner is able to access
UG to reset parameters if the input does not
make sense within UG constraints with L.1’s
parameter settings.

4. Partial Transfer/Full Access: Learner inter-
prets input through both L1 and UG, instead
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Figure 1: Figure 4.4, Full Transfer/Full Access, White
(2003).

of using L1 as a filter first, and not all param-
eters of L1 are used.

5. Partial Transfer/Partial Access: Similar to
the Partial Transfer/Full Access view, the in-
put is interpreted through both L1 and UG,
but not all parts of L1 are transferred, and not
all constraints of UG are accessible.

For the purposes of this paper, theories 3-5 will be
detailed further.

2.1 Full Transfer/Full Access

The initial state is characterized as the final state
of L1, pointing to full transfer of L1 grammatical
properties (White 2003). All UG constraints are
available for full access, not limited to the ones
that were used in L1. To summarize this frame-
work, when given input, the learner first resorts to
making sense of it through the available L1 gram-
mar. When this leads to error, the learner then re-
sets parameters for the L2 grammar based on UG
constraints. In this sense, L1 acts as a filter during
the acquisition process. In cases where the L2 in-
put does not exactly follow the same parameters of
L1, but fails to raise enough alarm to reset parame-
ters, an interlingual grammar forms, and fossiliza-
tion is possible. As the final state, the learner may
be able to reach a native-like level, but may also
fall short of native competency, consistent with
conflicting findings on this issue (White 2003).

2.2 Partial Transfer/Full Access

The main difference of this framework from Full
Transfer/Full Access is that it proposes not all
properties of L1 is used for the initial state.
Vainikka Young-Scholten (1994, 1996a, 1996b)
find that only lexical categories are transferred, but
functional categories are not, and UG is accessed

S

parts of
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L1 grammar

Figure 2: Figure 4.5, Partial Transfer/Full Access,
White (2003).
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Figure 3: Figure 4.5, Partial Transfer/Partial Access,
White (2003).

to project these categories later on. An issue with
this view is that according to the model, the learner
should converge on the L2 grammar (White 2003).
However, as mentioned, many (if not most) learn-
ers fail to achieve this.

White (1996) also argues against the view that
functional categories are not accessible, and in-
stead asserts that certain functional projections are
acquired through UG when they are not available
in L1, such as French clitics for L1 English speak-
ers (White 2003).

2.3 Partial Transfer/Partial Access

White (2003) summarizes this framework by the
views of Beck (1997) and Eubank et al. (1997)
who propose that some functional categories are
never specified, resulting in an impairment in the
local domain. This would mean that L2 speak-
ers never reach native competence. However, re-
sults are conflicting on this, for example, Montrul
Slabakova (2001) found no significant difference
between the competencies of natives and L2 learn-
ers in the domain of aspects for L1 English - L2
Spanish speakers.

So far, this is the traditional framework around
SLA in terms of UG. Recently, with the develop-
ments in machine learning, linguists have started
to take the potential role of statistical learning into
consideration again, sparking a debate around the
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validity of the Universal Grammar. Recent work
has shown that transitional probabilities play an
important role in learning word segmentation for
children (Saffran et al., 1996).

3 Criticism of the Critical Period
Hypothesis in Second Language
Acquisition

Vanhove (2013) puts forward a developed critical
view on the topic. Taking a closer look at the role
of CPH in second language acquisition (SLA), he
highlights the common problems that show up in
the field which create ambiguous and unsystem-
atic research questions and methods.

To start with, according to Vanhove (2013), the
cutoff point seems to be unclear, different re-
searchers choosing different age periods. More-
over, he points out that the conditions in which
CPH holds are undefined in SLA, resulting in
questions around whether this hypothesis is ac-
cepted for only immersion settings, or whether
it includes conditions of explicit acquisition in
schools. Another issue is the lack of clarification
around the specific areas of language that it en-
capsulates, whether it is phonology, syntax, mor-
phology, or other areas. Finally, he criticizes the
lack of consideration of learning rate in regards to
CPH and the over-focus on the final state, stating
that adult learners show faster progress in the ear-
lier stages of learning compared to children.

Further, he claims the expected outcomes of CPH
in SLA are undefined, resulting again in poor re-
search methodology. As SLA research relies heav-
ily on the final state, accepting the CPH would
mean a learner past the CPH age would never ob-
tain native-like linguistic competence. Vanhove
(2013) points out that one case of an individual
who has succeeded in this would then disprove this
idea; however, due to the unclarity around what
native-like competence looks like, the discussion
continues. He argues that motivated by a desire
to support CPH, the competence level that is ex-
pected from learners keeps increasing in the eyes
of the researchers, and that these bilingual subjects
are tested against monolingual speakers, a differ-
ence that could explain some performance discrep-
ancies.

Finally, he investigates the proposed non-linear
CPH function that takes the final state and the age
of acquisition as variables, by reanalyzing some
papers making the proposition. He argues against
the popular notion that the negative relationship
between age of acquisition and the final compe-
tence level supports CPH. Instead, he claims CPH
would be supported by not looking at the ultimate
attainment, but by looking at changes in learning
and success rate in regards to age. This way, re-
search would not have to look for native-like com-
petence, but learning rates instead, and L2 learn-
ers could be tested among themselves rather than
against monolingual native speakers.

Throughout the paper, he re-performs statistical
analysis on published papers, looking at them in
light of the proposed “flattened slope” and demon-
strates that the papers are not using the correct sta-
tistical methods for assessing this prediction. Fur-
ther, he argues that the results of his analysis do
not necessarily support CPH. He finds that there
is a breakpoint for a cutoff age as predicted, but
also shows that a completely linear alternative is
well-within the confidence interval, arguing that it
is negligible.

4 Statistical Learning and Universal
Grammar

4.1 The Variational Model

In response to this, Yang (2004) experiments with
the idea of combining both ideas. In his paper,
he argues and demonstrates that UG serves as a
set of constraints on a probabilistic learning space,
which allows for statistical learning to be success-
ful in face of limited input. He also proposes that
the “switch” framework should be thought of in
terms of probabilities rather than a binary trigger-
ing mechanism.

Yang (2004) presents a computational model de-
veloped on Saffran et al. (1996)’s SLM model,
trained on real world child directed speech data,
finding that the model performs poorly on real
world data. This supports his argument that even
with statistical learning, children need to have cer-
tain constraints in place to know what they are
learning, limiting the learning space.

350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399



400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449

In light of this, he proposes the idea that children
try to learn through the constraints first (such as
syllable having only one stress) and then resorts to
statistical learning when the available constraints
are not enough to make sense of the input, and sug-
gests that several findings support this as models
have shown children prefer prosody over statisti-
cal information (Johnson & Jusczyk, 2001).

He also tackles the pure-UG view, especially in
context of parameter setting, which is where the
paper becomes more relevant for SLA.

Yang (2004) proposes a variational learning model
as opposed to the parameter setting framework
that is traditionally accepted under the umbrella
of UG. First, he points out that convergence can-
not be guaranteed, as explained above in the SLA
section as well. Second, similar again to the SLA
frameworks, he explains that the triggering frame-
work requires that at any given time, the gram-
mar needs to fall under possible manifestations of
UG. Third, he also points out that if this triggering
property were true, there would be an immediate
switch in children’s use of grammar, rather than a
gradual change.

In their variational model, they form a probabilis-
tic learning space, but with UG constraints, where
certain grammars are rewarded and punished to be
selected. In this model, the target model is se-
lected for gradually as the input eliminates other
potential grammars. They verify this model with a
computational model on null-subjects.

S Statistical Learning in Second
Language Acquisition

The concept of statistical learning in linguistics is
not necessarily new; however, it has been some-
what disregarded and forgotten until recently due
to the strong support found for Universal Gram-
mar.

Prior to recent developments in computation, most
statistical learning studies have been done on ar-
tificial languages but there was some resistance
around their relevance to natural language acqui-
sition (Onnis, 2012).

Onnis (2012) also explains that there have been
findings that show that linguistic processing and

statistical learning of sequences are potentially
performed by the same mechanisms (Misyak
Christiansen, 2010).

Going off of these, Onnis (2012) identifies four
learning principles that may be relevant for SLA:

[

. Integrate probabilistic sources of information
2. Seek invariance

3. Reuse learning mechanisms

N

. Learn to predict

5.1 Integrate probabilistic sources of
information

As also exemplified by Yang (2004), this princi-
ple proposes that statistical information aids lan-
guage acquisition, and language input carries sig-
nificant statistical cues. This is especially studied
in terms of speech (Saffran et al., 1996; Dell et
al., 2000) and phonetics phonotactics (Thiessen,
2007; Chambers et al., 2003).

5.2 Seek invariance

Onnis (2012) summarizes that certain features of
inflectional morphology show to be difficult to
acquire for L2 learners (Montrul et al., 2008;
Slabakova, 2008). He argues that while this has
been discussed in terms of L1 access (as described
in the SLA frameworks above), there has not been
enough studies focusing on potential statistical
learning explanations. He reminds the artificial
languages example, where learners are able to rec-
ognize certain hidden rules by repeated exposure,
arguing that this kind of statistical sensitivity may
be important in the difficulty and ease of acquisi-
tion of certain features. He also gives an example
from Gomez (2002) who showed that variability
of the intervening words used in her study predicts
sensitivity.

5.3 Reuse learning mechanisms

Onnis (2012) proposes that learners reuse the same
mechanisms to achieve performance on different
tasks. To support this, he gives an example from
Onnis et al. (2011) where adults are presented
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with picture-word pairings where the meaning
mappings are ambiguous. They find that when
a certain pair is repeated across trials the disam-
biguation is more successful. In terms of meaning
mapping, this information may hold some value
for aiding SLA.

5.4 Learn to predict

In this principle, Onnis (2012) points out that cor-
pus analyses have shown that words hold proba-
bilistic information for the following word. This
concept is frequently exploited in the field of Nat-
ural Language Processing, there is value in con-
sidering that a similar process may play a role for
human language acquisition.

6 Discussion

6.1 Statistical Learning in Second Language
Acquisition

For my speculative discussion I would like to re-
turn to White (2003)’s summary of SLA theories.
The conflicting findings on acquisition and the ini-
tial state at times point to Partial Transfer and Par-
tial Access theories. However, as White (2003)
also mentions, it is important to note that studying
the initial state empirically is quite difficult as the
starting point of experiments may not be the actual
initial state. The mentioned conflicting findings
could be caused by the difficulty of measuring this
state of language to begin with.

Furthermore, when we look at their predictions
about the final state, they require that the learner
does not converge and reach native-like compe-
tence. However, there are findings against this
where some people, albeit possibly not common,
achieve this level. As detailed in Section 3,
Vanhove (2013) puts forward stronger arguments
against this strong reliance on the final state, sug-
gesting that the research might benefit more from
focusing on learning rate instead, which could po-
tentially point to more involvement of statistical
learning in the L2 acquisition process. As men-
tioned, if the learner rate beings high in adult
learners in the earlier stages and later slows down,
rather than being an evidence for the critical pe-
riod, this could point to some learning strategy

switches. As an example, adults could be ini-
tially approaching the task more from an analytical
view, possibly relying more on compositional gen-
eralization, and tending towards explicit learning.
This could potentially show a stronger reliance on
statistical learning; however, it also does not dis-
credit access to UG, as the potential use of compo-
sitional generalization may require some syntac-
tic constraints, and statistical learning itself bene-
fits from these constraints, as supported by Yang
(2004).

Furthermore, the Full Transfer/Full Access view
puts forward a filtering idea, where L1 serves as
an initial barrier before UG is accessed. In light of
statistical learning and the variational model, there
might be value in revisiting this approach.

It could be investigated whether the L1 filter effect
is related to probabilistic learning, as the parame-
ters set from L1 will have high probabilities in the
learning space, acting as a potential barrier for the
incoming input. However, if the input cannot be
reconciled, then different settings may be consid-
ered under the constraints of UG. This would both
allow for fossilization, as the input may not con-
flict enough for reconstruction, as supported by the
initial framework, but it could also allow for reach-
ing native competency depending on the language
pairs, and perhaps the variance in people’s open-
ness to reconsideration of probabilities. It is also
valuable to consider that this variance in speak-
ers could also be dependent on above discussed
learning strategies, whether they prefer implicit or
explicit approaches, and to what extent they are al-
lowed to indulge in these preferences considering
that modern SLA instruction often tends towards
encouraging implicit acquisition, which may not
be suited for adult learners.

Another point is, as reviewed, most of the studies
on statistical learning with respect to language ac-
quisition seem to be related to speech and auditory
input. It is also important to note here that while
children acquire language largely through audi-
tory input, L2 learners often have access to more
mediums than this, and arguably they make use of
these more than auditory input, which could fur-
ther explain some of these age of acquisition dif-
ferences. To this end, experiments similar to Yang
(2004), inspecting multimodal statistical learning
approaches may be beneficial in making compar-

550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599



600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649

isons. Such studies could also take into consid-
eration the learning principles proposed by On-
nis (2012). It is also an interesting open question
what similar studies would show on grammatical
aspects of language rather than phonological, as
that might give us more insight on UG and CPH.

As a final note, it is important to take the critical
period into consideration here and not disregard
it completely. It could be that there is a biological
limit to our access to UG, this could surely explain
the partial access accounts of SLA theories. How-
ever, it could also be that the UG constraints are
not the cognitive loss related to age in these cases,
but rather the losses in the overall learning domain
that allows for statistical learning are to blame for
the observed impairments. After all, these chil-
dren are often abused and neglected, conditions
which cause some decrease cognitive abilities, as
is aging. The idea that this loss of ability to learn
language due to impairments in statistical learning
rather than a loss of access to UG could be an in-
teresting research question.

6.2 Compositional Generalization

In the context of this seminar, I would also like
to briefly discuss where compositional generaliza-
tion may fit into this topic. Simply defined, com-
positional generalization is the idea that meaning
is derived from form. We understand and construct
meaning from the syntax of the language, making
semantics and syntax inherently interconnected.

In terms of language evolution, this is an inter-
esting concept, especially with the questions of
whether meaning or form began first, whether they
can exist independently, or which aspect relies
on the other. Additionally, another question is
whether compositional generalization is a global
cognitive skill that is employed in other areas of
learning, or whether it is one of the aspects of lan-
guage that render it unique. Assuming it is a skill
used in other areas of learning, and knowing its re-
liance on syntax in language, it is worth examining
if it could potentially be an overlapping point for
UG-based learning and statistical learning.

Moreover, it is an interesting question how this in-
teraction between meaning and syntax affects lan-
guage acquisition. An idea is that in consideration

of compositional generalization, I would almost
assume L2 would be easier to acquire as we al-
ready have access to a semantic representation and
we simply have to learn a new way to formalize it.
This could be an explanation for why adults tend
to rely on analytical approaches to new languages
rather than implicit acquistion. Though, evidently,
the process of language acquisition for adults is
not this simple, potentially suggesting that there is
still some need to access UG to construct the new
syntax.

7 Conclusion

To conclude, the involvement of statistical learn-
ing in the acquisition of second language seems to
be an open question. Traditionally, UG was the
main point of explanation for theories of language
acquisition, with L1 playing some role in SLA the-
ories. The frameworks for L2 acquisition were
mainly shaped around how much transfer from L1
the learner performed, and how much they could
access UG. Furhtermore, the partial access theo-
ries mainly assumed a critical period, explaining
why there might be a loss of access to UG as the
learner ages, and why some learners do not con-
verge and achieve native-like competence.

However, the Critical Period Hypothesis would
benefit from a revisit in light of the reconsideration
of statistical learning in language acquisition. It is
possible that certain affects previously attributed
to CPH could be explained by statistical learning
models, which still allow for frameworks that sug-
gest full access to UG. New frameworks that may
be developed from these understandings could po-
tentially explain the conflicting findings in the out-
comes of L2 acquisition in terms of convergence.

It may also be valuable to investigate multimodal
statistical learning models for L2 acquisition, con-
sidering that these experiments are so far largely
performed with children and mainly auditory in-
put in mind. However, L2 learners often have ac-
cess to many more mediums and do not learn from
primarily audio input.

Moreover, experiements that take compositional
generalization into consideration may be impor-
tant. This could potentially explain the analyti-
cal learning strategies adults tend to employ. It
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could further give insight into overlapping areas of
UG and statistical learning as it involves analytical
components while relying heavily on syntactic in-
formation when it comes to language input.

The question of where statistical learning may fit
into L2 acquisition remains open. It has many
directions to take, and certain traditional theories
may benefit from revisits. Current unclarities and
conflicting findings in the area could be explained
by the involvement of these approaches.
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