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Abstract 

How do young children learn the complex rules oflanguage? Prior research has shown 

that infants as young as 7 months of age can learn simple rules, such as abstracting an ABB 

pattern after hearing strings of sounds "ga-ti-ti; gi-la-la, ta-ni-ni" (Marcus et aI., 1999). But later 

in development, research on visual (non-language) rules showed that 3-year-olds ignored rules in 

favor of matching objects. For example, given [00] and a choice between [xx] and [ox], children 

matched the look-alike [ox] more frequently than the same-rule [xx] (Christie and Gentner, 

2007). Here I asked how this attention to object matches affects rule abstraction ability in 

language acquisition. In Experiment 1, I asked whether 3- and 6-year-olds are able to abstract 

simple patterns, just as 7-month-olds had in Marcus et aI., (1999). Children were familiarized 

with a string of syllables such as "li-ti-ti" and tested with novel syllables of the familiar pattern 

(wo-fe-fe) or of a new pattern (wo-fe-wo). Surprisingly, unlike infants, young children did not 

learn the rule easily, choosing randomly between the familiar and unfamiliar patterns. In 

Experiment 2, I asked how 3- and 6-year-olds learned a rule when it was pitted against object 

matches. 3- and 6-year-olds heard the same familiarization as in Experiment l(li ti ti ), but now 

were tested with a familiar rule (wo-fe-fe) versus a new rule with object matches (li-wo-li). 

Contrary to predictions, children, even adults, did not strongly prefer either object or rule 

matches. I discussed the implication of these results for language acquisition. 

Introduction 

Anyone who has ever attempted to master a second language can attest to the fact that the 

rules of language are not easy to learn. How does an English speaker know instinctively to say 

"the red ball," while a Spanish speaker would naturally produce the equivalent of "the ball red?" 
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All languages are governed by complex rules, but how do we, as children, go about the difficult 

business of acquiring them? This question has intrigued psychologists for years; One answer 

comes from Marcus and colleagues (1999). Marcus proposes that in language we have abstract 

algebraic rules. He defines an algebraic rule as "an open-ended abstract [relationship] for which 

we can substitute arbitrary items." Take, for example, the simple English sentence, consisting of 

a noun phrase and a verb phrase, "[Sam's crazy dog]NP [knocked the cup off the table ]vp." 

Thanks to the grammatical rules of English, I can easily remove the verb phrase, and replace it 

with a new one like "chased the squirrel up a tree," thus producing a new grammatical sentence, 

"Sam's crazy dog chased the squirrel up a tree." 

Marcus found that infants as young as seven months could abstract patterns in language. 

The study presented infants with a familiarization of nonsense sentences in either an ABB or 

ABA patterns (Table 2). Marcus conducted his study using a head turn preference procedure; 

infants were seated on the lap of their guardians in a soundproof room equipped with a light and 

speaker in front of them, and a similar configuration on their left and right sides. The blinking 

light in the center flashed to grab the attention of the infant. Once they fully attend to the 

blinking light, the familiarization stimuli were played from either the left or the right speaker 

with the light blinking above. The infants then attended to the light and sound on the respective 

side. When they looked away for two seconds or more, the sound was stopped and played from 

the center to refocus their attention. Then the procedure began again on either side. This process 

habituated the infants to the attending and refocusing that would occur in the test phases. In test 

phases themselves, familiarization and non-familiarization patterns were presented with entirely 

novel sounds (Tables 3 and 4). Infants heard the test sentences, either ABB or ABA, coming 

from the right or left side of the room, paired with a flashing light. For instance, a child might 
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look to the left and hear a stream of ABB sentences. This ABB to the left side constituted one 

trial, and the time infants attended to the stimuli was the variable measured. In each trial, if they 

looked away for two seconds or more, that trial terminated, which launched a new one. The ABA 

and ABB patterns were counterbalanced for left and right. 

Marcus discovered that infants preferred the novel pattern, meaning they attended more 

to those patterns they had not heard in the familiarization. The study shows that infants can 

discriminate between the learned pattern and a novel one in a stream of nonsense sounds. We can 

assume that infants are just as unfamiliar with these nonsense sentences as they are with their 

first exposure to their native language, allowing Marcus to draw the conclusion that infants can 

abstract rules from language. 

This rule learning study, while formative, leads to many more questions. Two questions 

are most pertinent for our purposes here: Are infants capable oflearning any rule? Are rules 

specific to language, or are we as a species simply adept at rule learning in general? The 

questions are in some senses interdependent; to answer the first question, we must determine if 

we can include data from all domains, or only the language domain. To do so, we look to 

Johnson et al. (2009). This visual rule learning study found that infants struggled to distinguish 

the rule from the non-rule. In a test using a series of geometric shapes, they found that 8-month

old children could not distinguish between early and late repetitions (ABB and AAB), and 

neither 8- nor ll-month-olds could distinguish between late and non-adjacent repetitions (ABB 

vs. ABA), contrary to Marcus's findings (Johnson et al. 2009). This study contradicts the notion 

that abstract rule learning in all domains is an innate ability, as the presence of the rule in this 

visual study was not immediately salient to the infants. Gervain and Werker (2013) find evidence 

to support Marcus, but it comes once again from the auditory domain. Using nearly identical 
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stimuli to the original Marcus test, they found that 7-month-old infants could detect both 

adjacent (ABB) and non-adjacent (ABA) repetitions (Gervain and Werker, 2013). Ultimately, 

Gervain and Worker (2013) and Johnson et al. (2009) only differed in their modality; auditory 

rule was learned while visual rule was not. 

Does this mean that language is then some sort of unique capacity that allows for learning 

not present in other domains? Not quite. Saffran and colleagues (2007) found that, using pictures 

of different dog breeds as stimuli, 7-month-old infants were able to distinguish ABB and AAB 

patterns from ABA, devaluing the argument that rule learning is unique to language. The study 

argues that infants view the different dogs as a member of one category (Element •. Elementb. 

Element.). The children can therefore distinguish the underlying patterns among these items, 

which bear some inner category resemblance. This view contrasts with one in which each object 

is a separate category, which children might assume to be true with geometric shapes (the basic 

level concept for a square might be a square, which is distinct from the basic level concept of a 

triangle. However, the basic level category of a dog is dog, which breaks down into subgroups 

which are breeds) (Saffran et aI., 2007). Ultimately, Saffran shows that precocious rule learning 

occurs across domains. Thusly, in looking at rule learning, we can examine both language and 

non-language related studies. 

While the evidence from infant studies suggests that rule learning is superior in the 

language domain, there are limits to this learning. In fact, studies with adults show that it is 

impossible for them to acquire some rules. Becker, Ketrez, and Nevins (2008), and Endress and 

Hauser (2009) find evidence that highlights limitations to rule learning in language. Becker, 

Kretez and Nevins found that Turkish speakers devoice word final stops, meaning that they 

would pronounce a word ending in Idl the same way they would pronounce a word ending in It/. 
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Speakers do, though, voice the appropriate stops when a vowel-initial suffix is added to the end 

of the word and rule is found in testing to be productive even with nonce words. However, their 

study did not find that stops following a high vowel, which are typically voiced underlyingly, to 

be productively voiced in by Turkish speakers. The researchers hypothesize that the high vowel 

rule is unnatural, and therefore, it is not learned by speakers. They propose that the Universal 

Grammar mechanism in their mind prevents them from internalizing this rule, or that the rule is 

essentially un-learnable (Becker et al. 2008). Similarly, in Endress and Hauser (2009), when 

participants were given patterns with parts of speech as the objects (such as noun, noun, verb), 

they are unable to abstract those rules that do not constitute grammatical rules in the world's 

language, even when they were told specifically for what to look. The study makes the case that 

language is not conducive to all rule learning (Endress and Hauser, 2009). These two arguments 

in tandem suggest that there is nothing unique about rule learning in language. Ultimately, 

because we see examples both in the auditory and the visual domain in which participants learn 

the rule and where they fail to learn the rule, we can assume that there is nothing unique about 

language capacity that sets it apart from others. 

This conjecture then begs the question, in what instances are rules "un-learnable"? While 

we do expect adults' rule learning to be quite different than that of children, Endress and Hauser 

provide a logical explanation for adults' inability to learn rules; they suggest that adults' failure 

to see the underlying pattern might be due to a search for meaning rather than an abstraction of 

the rule. It seems that what becomes most salient is the meaning of the words, not their order. 

This rationale is intriguing because it leads to further questions about the salience of rules; what 

occurs if some other feature's salience supersedes that of the rule? Moreover, what can we 

pinpoint as "more salient than a rule?" It is precisely this question that Christie and Gentner 
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investigated in their 2007 study. They investigate the role of object matches and relational 

matches, where an object match is a novel pattern that possesses an object or feature present in 

the familiarization, while a relational match mimics the pattern of the familiarization with 

entirely novel objects. The study tested the ability of 4-and-a-half- and 8-and-a-half-year-old 

children to abstract relational patterns when they are pitted against object matches. Given a 

standard (Figure 1), children were asked to choose the match that was ''most similar" to it 

between the object match or the relational match. With these instructions alone, Christie and 

Gentner found that both age groups significantly preferred the object match. The children did not 

spontaneously see the relational match. When the experimenters provided a novel label for one 

of the items, however, children significantly improved in their ability to choose the relational 

match. Christie and Gentner hypothesize that labels foster comparison, which allows children to 

recognize the pattern they would not otherwise notice (Christie and Gentner, 2007). 

Figure 1 

o o 
6 o 

Figure 1 Relation vs. Object task Christie and Gentner (2007) 

Christie and Gentner were not the first to find that relational matches are not immediately 

apparent to toddlers; Ratterman and Gentner propose the Relational Shift, " ... a shift from early 
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attention on common object properties to later attention on common relational structures" 

(Ratterman and Gentner, 1998). The Relational Shift postulates that it is ultimately object 

matches that are most salient to children in all domains, however they are not incapable of seeing 

relational matches. Their ability to select relational matches increases along with their familiarity 

in the domain. In other words, the more a child knows about a certain domain, the more likely 

they will be able to see the underlying pattern. 

This age-correlated ability to see relation is further evidenced by a study conducted by 

Richland, Morrison and Hollyoak (2009). The study gave 3- and 4-year-olds, 6-and 7-year-olds, 

and 13- and 14-year-olds scenes about which to make comparisons featuring parallel relations 

and distractors. For example, two related scenes might feature a cat chasing a mouse and a boy 

chasing a girl. If there is a distractor present in one of the images, the boy-chasing-girl scene 

might feature a cat somewhere else in the image. Children were asked, if the experimenter 

pointed to the cat, to find the match to the cat in the other picture. If they chose the chaser, in this 

case the boy, they have successfully selected the relational match. However, if they choose the 

distractor cat, they chose the object match. The study showed that all 3 age groups were more 

likely to pick the object match, but that older children were less likely to do so (Richland, 

Morrison, and Hollyoak, 2009). All of this evidence points to the argument that object matches 

are salient enough to toddlers to cause them to override the rule. 

Going a step further, Kovosky and Gentner (1990) provided children with stimuli that 

paired relational match with non-relational match, using no object matches, and found that young 

toddlers still missed most of the patterns, and that older children still did a better job of noticing 

them. The study, with 4-, 6-, and 8-year-old participants, compared age and performance on 

patterns with varying degrees of relational difficulty (Figure 2). They found that both age and 
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difficulty level did have au effect on the choices children made; 4-year-olds chose randomly in 

all cases except the most salient same polarity and direction. 6-year-olds followed a similar 

pattern, but correctly selected some other relations as well, and 8-year-olds fared much better 

overall (Gentner et aI., 1995). Thus, even with no distractions, younger children found rules 

challenging to grasp. This study adds a nuance to the assertion of the Relational Shift, finding 

that even without objects, more challenging relations are only mastered by older, aud thereby 

more experienced, children. 

Figure 2 

Same 
Dimension 

Symmetry 
Same Polarity 

Standard 

Monotonk:·increase 
Opposl1e Polarity 

1···1 
Standa,d 

1 ••• 11 ••• 1 
R~1iorIaI Choice Non .... eI81iorlll Choice 

Rl>Iatlooal Cl'IOoca NOIHeI8bon,1 Chooce 

Figure 2 Sample stimuli from the similarity triads task (Kotovsky & Gentner, /990) 

The rigorously proven Relational Shift is provocative when compared to Marcus's 

formative study with infants. If infants have a precocious ability to abstract rules in language, 

why then, do the Relational Shift and evidence from other domains with toddlers predict that 

rules do not become apparent to older children until they age and gain experience in a domain? 

There is an important factor assumed by the Relational Shift that does not line up with Marcus's 

study and might account for this incongruity: the domain. The Relational Shift has only been 

demonstrated in the visual domain, aud thus, we cannot yet definitively map the Relational Shift 
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onto language learning. Might we expect toddlers to have difficulty seeing a rule in language just 

as they have been proven to in the visual domain? Under the assumption that rule learning is 

domain general, we should expect to see this same rule learning phenomenon exhibited in visual 

and auditory domains alike. However, there have been virtually no studies looking at toddlers' 

rule acquisition in language, so the question remains at large. While infants can abstract language 

rules, what does a toddler's acquisition of rules in language look like? Consequently, in 

Experiment 1, I ask if toddlers are able to acquire a given rule in language. I conduct a similar 

study to Marcus's original rule learning study with 3- and 6-year-old children. I examine these 

two age groups to determine if older children perform better than younger children, as proposed 

by the Relational Shift, and observed in visual rule learning studies. 

While we lack specific evidence for how toddlers acquire rules in language, we do have 

evidence from the domain pertaining to adults. The caveat to rule learning in language for adults 

seems to be a desire to extract meaning from the given words (Endress and Hauser, 2009). 

Adults are distracted from the rule by some more salient feature in the stimuli. Similarly, the 

Relational Shift and studies with toddlers tells us their failure to acquire given experimental rules 

is often driven by a tendency to gravitate towards highly salient object matches (Christie and 

Gentner, 2014). Given adults' tendency to preference meaning over pattern, and the domain 

generality of rule acquisition, we must wonder whether children too would be distracted from a 

language pattern by the saliency of an object match. Therefore, In Experiment 2, I ask if toddlers' 

capacity for rule learning is altered when object matches are introduced. In this study I pit object 

matches and rules against each other to determine children's preference. Ultimately, with 

Experiment 1 and Experiment 2, I seek to create a more accurate snapshot of the trajectory of 

language acquisition as it relates to other domains. 
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Experiment 1: Rule Ouly 

In Experiment 1, I ask if 3- and 6-year-olds are able to acquire rule. 3- and 6-year old 

children were tested in conditions nearly identical to that of Marcus et al. (1999), beginning with 

a familiarization followed by test trials. 

Methods 

Participants Six 3-year-olds (M~3;O years, range~2;5-3;7) and six 6-year-olds (M~5;7 

years, range 5;3-6;1) participated. Data from two additiona13-year-olds was collected, but not 

used because they failed to attend adequately to the task. The majority of participants were from 

white, middle class families from the Philadelphia suburbs. 

Design The study was a near replication of Marcus et al. (1999), looking at toddlers 

instead of seven-month-olds, to determine if toddlers can also abstract rules in language. 

Children first listened to the familiarization sentences in an ABB pattern (Table 1 and 2). 

Nonsense syllables, identical to those used by Marcus, created the ABB sentences in the 

familiarization (Table 3). In the test phase, much like Marcus's stimuli, the sentences were made 

up of completely novel sounds (Table 3 and 4). These new sounds were then used in ABB and 

ABA sentences in the test phases. The catch trials pitted the learned rule against a novel one. If 

the children truly abstracted the pattern from the familiarization, they should have been able to 

choose the learned pattern in the test phases, even when it was played with unfamiliar sounds. 

Materials The familiarization (2 min, 19 sec) consisted the 16 sentences (Table 2) 

repeated 3 times for a total of 48 sentences. Each sentence was composed of 3 syllables in an 

ABB pattern. A sample sentence might look like GA TI TI, TA LI LI, or NA NI NI. The test 

sentences were similarly 3 syllables each (Table 4). A test pair might sound like WO KO KO 

versus FE DE FE. The stimuli consisted of two separate Power Point presentations created by the 
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experimenter. Each Power Point slide contained sound files recorded and spliced by the 

experimenter in Praat. The stimuli were played out of the speaker in a stuffed frog toy connected 

to an iPad. A second toy frog served as the protagonist in the cover story. Trifold poster board 

covers were used to create a barrier between the child and the iPads. 

Procedure Children were seated across from the experimenter. The experimenter 

presented the frog toys and then explained the cover story. The children were told "We have to 

help Francine learn her kind offrog song. It's very important that you listen to hear Francine's 

kind of frog song. Her family only has one kind of song, and Francine needs to get it right to 

find her family. Ifwe don't help Francine, she might never be able to find her family again! 

First, we'll hear Francine's mom sing some examples of Francine's kind of frog song so we 

know what it sounds like." The words "kind of song" were intentionally ambiguous, to allow 

children to make a choice they deemed appropriate without alerting them to a potential pattern. 

They then heard the familiarization played from a second toy frog. 

Once the familiarization finished, the children were told to help the frog learn her song. 

The experimenter set up an iPad on either side of the table, covered by a trifold poster board to 

minimize distraction. Each power point on each iPad had one half of a test pair; one power point 

contained the rule from familiarization and the other had a novel rule. This design was created to 

assure children's understanding of the task; they had an easier time pointing than gasping the 

labels of "first" and "second." A diagram of the set up can be seen in Figure 4. 

The experimenter explained, "there are frog songs coming from over here [indicating the 

iPad on the left] and frog songs coming from over here [indicating the iPad on the right], and it's 

your job to tell me which one sounds like the one you heard Francine's mom singing!" The 

experimenter then played a test sentence from the left iPad, followed by a test sentence from the 
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right iPad with a one second pause in between, and asked "which of these two songs sounds most 

like the one you heard Francine mom singing?" This procedure is repeated for the 8 test trials 

and 5 catch trials. The rule and novel rule are counter balanced for right and left. 

Figure 3 
Experimenter: Which song sounds like the one 
Francine's mom was singing? 

Results 

Children who failed 2 or more catch trials are excluded from the analysis. With this 

criteria, the final sample includes six 3-year-olds and six 6-year-olds' data. Two 3-year-olds 

were excluded for failing to meet the above criteria. 

Based on previous literature in which infants can acquire rule, including Marcus et al. 

(1999), I expected that participants would learn the rule. I used a one-sided t test to determine if 

the mean proportion of choosing rule differed from chance. The data revealed no significant 

difference for 3-year-olds, (M3-year-olds = 0.525, t[6]=0.051, SD 0.27),p = 0.21. Similarly, 6-year-

olds' rule-choosing average did not differ significantly from chance, (M6-year-olds = 0.562, 

t[5]=0.864, SD 0.17), p = 0.78. Overall, these results show both 3- and 6-year-olds lack the 

capability to acquire the given rule. Age of participants is seen not to have an effect on rule 

choosers as there is no significant difference between 3- and 6-year-olds, t[5] = -0.343 P = 0.372. 
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Experiment 2: Rule-Object 

In Experiment 2, I ask if 3- and 6-year-olds will gravitate towards object or rule when the 

two are pitted against each other in an auditory test. Studies on language acquisition have always 

focused on the rule, but have never pitted that rule against an object match. Here I ask if children 

will indeed learn the rule as demonstrated by Marcus, or if they will follow the pattern, as found 

in visual rule learning studies, and pick the object match. 

Participants Ten 3-year-olds (M~3;3 years, range~2;9-3;8) and four 6-year-olds (M~6;O 

years, range 5;8-6;8), and 13 adults participated. Data from two additional 3-year-olds was 

collected, but not used because they failed to attend adequately to the task. The majority of child 

participants were from white, middle class families from the Philadelphia suburbs. The adult 

pool was constituted from parents of children participants and students at Swarthmore College. 

Design The design was identical to Experiment I with the exception of the insertion of 

object match syllables into the test phases containing the novel pattern. In this trial, the syllable 

"L!" was repeated as either the A or the B in each of the object match test patterns. This syllable 

was chosen because it contained the most distinct phoneme in terms of both place and manner or 

articulation from the test syllables (Table 4). 

Materials The materials in Experiment 2 were identical to Experiment I with the 

exception of the stimuli used. The Power Points that contained the novel pattern in Experiment I 

had the same pattern in Experiment 2, but the syllables were those heard in the familiarization. In 

this version of the study the only familiar syllable was "LI." 

Procedure The procedure was identical to experiment l. 

14 



Results 

As in Experiment 1, only the data of those individuals who passed 3 or more catch trials 

were included in the final analysis (ten 3-year-olds and four 6-year-olds) Two 3-year-old's data 

was thrown out because they did not meet previously mentioned criteria. I used a two-sided t test 

to determine if the mean proportion of choosing rule differed from chance. 

Since the concept of rule learning and object matches in language with toddlers is largely 

unstudied, I had no hypothesis for whether the children would prefer the rule or the object. As 

seen in Experiment 1, the data revealed no significant difference for 3-year-olds, (M3.year.olds ~ 

0.50, t[7] ~ 0, SD ~ O),p ~ 0.21. Similarly, 6-year-old's rule-choosing average did not differ 

significantly from chance (M6.year.olds ~ 0.468, t[3] ~ -0.323, SD 0.186), P ~ 0.77. Adult data, 

analyzed with a one sided t test, did not reveal a significant preference for either object or rule, 

(Madults~ 0.59, t[12] ~ 0.826, SD ~ 0.33),p ~ 0.83,. While I did not have a strong expectation 

either way for children's data, adults defied expectation set by visual studies by not choosing the 

rule. Overall, these results show 3- and 6-year-olds, as well as adults, lack the capability to 

acquire a given rule. Age of participants does not have an effect on rule choosers as there is no 

significant difference between 3- and 6-year-olds, t[3] ~ 2.0 P ~ 0.138. 

Figure 4 

3- and 6-year-old Performance in Rule 
only and Rule-Object Experiment 

3-year-old 6-year-old 

• Rule only • Rule-object 

Figure 4 3- and 6-year-old Performance in Rule only and Rule-Object Experiment 
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T bl 13 a e '-year-o Id I h ru e c b' t h oosers VS. 0 ).Iec c oosers 
(3-year-olds) Rule only Rule-object 
Rule choosers 20% 25% 
Object choosers N/A 37.5% 

Table 26-year-old rule choosers vs. object choosers 

(6-year-olds) Rule only Rule-object 
Rule choosers 33% 25% 
Object choosers N/A 0% 

T bl 3 Ad It I h a e u ru e c b' t h oosers vs. 0 ).Iec c oosers 
(Adults) Rule-object 
Rule choosers 38% 
Object choosers 31% 

Figure 3 depicts the average proportions for rule choosing in both 3- and 6-year-olds in 

the rule only and rule-object experiments. It is apparent that both age groups in both instances 

seem to be making decisions that do not differ greatly from chance. However, the compilation of 

the data does not give a clear picture of the individual participant's choices. It is now apt to ask if 

some children did reliably choose the rule while others reliably chose the object. I compared 

those children who were "rule choosers" and those who were "object choosers" to answer these 

questions. "Rule choosers" selected the rule over the object at least 75% of the time (6/8 trials). 

Similarly, "object choosers" chose the object over the rule at least 75% of the time. By defining 

these criteria and analyzing the data thusly, I can determine if individual participants had a 

preference masked in the evening out of the average. The data in Tables I and 2 respectively 

show that there are few participants in both age groups who were strong "choosers" for either 

object or rule. Adult data, depicted in Table 3, seems to be more strongly segregated into "rule 

choosers" and "object choosers." 

Evidence for the lack of preference for either rule or obj ect is exhibited by the differences 

in "rule choosers" and "object choosers" within an age group. 3-year-old "object choosers" were 
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only 12% greater than "rule choosers" while 6 year olds number of "rule choosers" was actually 

25% greater. While the 6-year-olds had no "object choosers" and a few "rule choosers," the 

disparity is not large. Furthermore, adult "rule choosers" and "object choosers" were nearly 

identical in number, showing no strong preference for rule nor object. 

We also analyze whether children's choices were effected when object and rule were 

pitted against each other. For 3-year-olds, we see that when object matches are added in in 

Experiment 2, the number of "rule choosers" remains relatively unchanged (20% to 25%). The 

number of6-year-old "rule choosers" decreases slightly, but not dramatically (33%-25%). The 

addition of object matches seemed to have little effect on both age groups' choices. 

Discussion 

In Experiment 1, I asked whether toddlers would abstract the rule as Marcus's seven

month-olds had. I found that the majority of3- and 6-year-olds failed to learn the rule, contrary 

to our prediction, granted our n is quite small. Why do we see here that children seem to possess 

fewer capabilities than infants? First, while I hypothesized that children might learn the rule, 

their inability to do so is not unprecedented. Christie and Gentner (2014) demonstrate that 

children in this age range fail to see the pattern in a simple relational match to sample (RMTS) 

task. They ask iftwo-, 3-, and 4-year-olds can spontaneously see relational matches without any 

other distractors. As seen in Figure 4, the task asks children to choose between a relational match 

or a non-relational match based on a standard. Interestingly, the study found that toddlers of all 

age groups failed to see the relational match, while 8-and-a-half-year-olds did perform better. 

The findings of this study indicate that even ifthere are no distractors present to compete with 

relational matches, and even if the patterns are quite simple (compared to Kovosky and Gentner 

(1995)) the rule is not immediately apparent to young toddlers (Christie and Gentner, 2014). 
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Figure 5 

o o 
Figure 5 RlvfTS task Christie and Gentner (2007) 

Additionally, we even see adults fail to learn rules in the Endress and Hauser (2009). 

However, Endress and Hauser (2009) and my study vary in one especially relevant marmer, 

Endress and Hauser's stimuli are English words from varying grammatical categories, not 

syllables. For example, an ABB pattern in their study would look more like Noun-Noun-Verb 

than GA-TI-TI. As a result, their proposal that adults seek meaning over rule hinges on their use 

oflexical stimuli. Endress and Hauser suggest that adults' knowledge of English actually hinders 

them from seeing the overall pattern because they are so focused on discerning the significance 

of each "sentence" that they miss all else. 

While adults have greater linguistic knowledge than 3- and 6-year-olds, 3- and 6- year 

olds know considerably more about their native language than do seven-month-old infants. 

Therefore, we might attribute children's failure to learn the rule in my study to their relatively 

robust booy of linguistic knowledge at this state in their language development process. However, 
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this hypothesis dealing with children's linguistic capabilities could break in one of two ways; 

firstly, it is possible that children already have a grasp of what rules are relevant to English, and 

when searching for a rule in a given input, they look to find something resembling what they 

know. Because the rule in the present study is not one that is pertinent to English, children might 

have overlooked it. This particular ABB pattern is simply irrelevant to them, and therefore they 

do not recognize it as a rule. Much like the findings of Becker et al. (2008) and Endress and 

Hauser (2007), there seems almost to be some predisposition to learn only those aspects of 

language that are linguistically relevant. This analysis is akin to the statistical concept of 

confirmation bias, in which researchers look only for that which confirms their previously held 

belief. Here, the children already have a preconceived notion of what constitutes a rule, and they 

ultimately search only for those specific factors. When they do not find what they seek, they 

deem their search null and void, leading them to miss the rule entirely. 

However, we can also assume that children's linguistic experience is not a deterrent to 

rule learning, but rather leads to create a narrower focus. Children at both 3- and 6-years-old are 

still working to master their given language. It is probable that, given their respective ages, they 

are cognitively "trained" to detect the rules of their native language in order to perfect their 

speech and eliminate errors. Hence, their need to acquire rules might serve as a blinder, only 

allowing them to hone in on a rule when it is cognitively advantageous for them. This rationale 

differs from the previous in a nuanced way; the difference here is that children do not actively 

seek to find rules, but rather they are unable to perceive rules that are not beneficial to their 

acquisition of language. They must allocate their mental language resources effectively to reach 

an adult level of proficiency, and any rule they deem irrelevant to this goal barred from their 

cognition. 
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We have seen this tapering focus to native-language-specific elements in children's 

language acquisition before; Stager and Werker (1997) provides evidence for perceptual 

narrowing, or the attunement to a given phonemic inventory at the expense of the capability to 

distinguish all phonemes, in preparation to efficiently acquire one's given language. This 

phenomenon, while primarily focused in phonetics, is applicable to our case at hand. It is 

possible that, as children develop, they become uniquely prepared to master rules in their native 

language, leading to a rule-based perceptual narrowing. 

We know that children have a decent grasp on the rules of their language already by this 

age based on work like that of Arunachalam et al. (2013). Arunachalam teaches children novel, 

abstract verbs by using them in either transitive or intransitive contexts. After hearing several 

sentences with a novel verb in a transitive context ("Bob mooked Sally," "The dog mooks the 

squirrel"), children are asked to choose the appropriate image relating to the verb; one image is 

causative and the other is non-causative. Children who hear the verb being used transitively 

should choose the causative image, in which one agent is acting on another, because transitivity 

implies the verb can take a direct object. Arunachalam does indeed find that children choose 

correctly, providing evidence for their understanding of grammatical rules. 

It is probable then, that children narrow in on rules they must acquire. They do not find 

rules which are not conducive to acquisition of their native language salient. Yes, Marcus's 

seven-month-olds are capable of acquiring a nonsense rule, but maybe those infants have not yet 

experienced that perceptual narrowing for rules. The striking disparity between toddlers' and 

infants' abilities to learn rules may lie in the differences in cognitive development and the natural 

progression oflanguage acquisition. 
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Additionally, children's level of familiarity with the stimuli may have played a role in 

their performance. Saffran et al. (2007) shows that children are capable of acquiring visual rules, 

but with images of dogs rather than with simple geometric shapes, as we see in Johnson et al 

(2009). Saffran et al. (2007) proposes that Johnson et al. (2009)'s participants fail to acquire the 

rule because the stimuli are not salient enough. Saffran et al. (2007) says the objects in a pattern 

must be of appropriate familiarity to assure rule acquisition; familiar and interesting enough that 

participants attend to them, but not too much so that it overwhelms their ability focus on other 

aspects of the task (the rule). My stimuli in this study might be equated with those of Johnson et 

al. (2009). They were not particularly stimulating, and so we might attribute children's failure to 

find the rule to their relative disinterest in the syllables. 

In Experiment 2, we asked whether pitting object matches against the rule would affect 

children's choices of rule or not-rule. We found that pitting object matches against rules made 

little difference in the number of "rule choosers" in each age group, and did not skew the data 

strongly towards either object or rule. Once again, our n is quite small, however the cohort of 

adults, for which the n is much larger, fails to consistently pick the rule or the object match as 

well. This finding is also contrary to previous work; Christie and Gentner (2007), Ratterman and 

Gentner (1998), among many others, find that object matches are most salient to toddlers when 

pitted against a rule, but adults usually choose the rule. 

Why, then, do we not see a large contingent of "object choosers" in toddlers and "rule 

choosers" in adults? The answer may lie once again in the salience of the objects. It is possible 

that the stimuli in our study were not very stimulating, and may have been overlooked by 

children and adults alike. Witt and Vinter (2011) provide further evidence, asserting that the 

more familiar an object is, the less likely it is to be encoded abstractly. This is to say that, had my 
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stimuli been something more familiar and intriguing, like real words, children and adults might 

have honed in on them and selected them, but because they were not familiar, they were not 

perceived as object matches. However, despite Saffran's criteria, it is apparent why the use of 

words as stimuli could swing the pendulum too far in the other direction. Using words, because 

of their salience, could cause all participants to focus on them and ignore the rule. Ultimately, it 

seems that our object matches were not salient enough to capture the attention of the participants 

of all ages. 

However, one could argue that this selectivity for salient object matches only is flawed; 

Ladanyi (2016) finds that IS-month-old infants are highly attuned to nonsense syllable object 

matches. Ladanyi familiarizes Hungarian speaking infants with sentences in their native 

language featuring a reoccurring nonsense morpheme, placed at the end of a word where 

children are accustomed to hearing a suffix. In test trials in which they hear repetitions of that 

nonsense morpheme and a novel one alone, infants can distinguish the two. This focus on one 

syllable non-word "object matches" contradicts the aforementioned idea that the objects in our 

study were not stimulating enough. We do see that children attend to the objects in this instance. 

However, the difference between Ladanyi's study and my own is that her nonsense objects are 

important to the rule. Hungarian children learn to latch onto morphemes early on in order to 

master the complicated agglutinatine language. Therefore, these nonsense morphemes are truly 

salient to the infants in this context, causing them to be encoded; objects in language are retained 

when it is advantageous to rule acquisition. It would be beneficial to conduct a follow up study 

using different stimuli and to find the point at which children and adults find a given stimuli 

most salient. 
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Ultimately, it seems that the nonsense rules were not relevant to toddlers who are 

narrowing their understanding of their given grammar to master it. The nonsense objects did not 

hold any weight for English speaking participants to help them acquire those rules. These 

reasons might explain why we saw neither a preference for object match nor rule - they were 

irrelevant in the goal of acquiring the rules of their language. 

While we know that rules can be learned in all domains, the findings of these experiments 

propose a lens through which to view language acquisition. It seems as though the trajectory to 

rule acquisition in language versus that of other domains follows a different path, ultimately 

leading to the same location. When we acquire language we must narrow our perceptual field 

and hone in on that which will help us master our native tongue as ardently as possible to master 

the difficult problem oflanguage acquisition. 
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Appendix 
Table 1 Familiarization Syllables 

GA LA 

GI LI 

TA NA 

TI NI 

Table 2 Familiarization Sentences 

ABA ABB 

GA TIGA GA TITI 

GANAGA GANANA 

GAGIGA GAGIGI 

GA LA GA GALALA 

LINALI LINANA 

LI TI LI LI TI TI 

LIGILI LIGIGI 

LI LALI LI LA LA 

NI GI NI NI GI GI 

NI TINI NI TI TI 

NINANI NINANA 

NILANI NILALA 

TALATA TALALA 

TA TI TA TA TI TI 

TANATA TANANA 
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Table 3 Test Syllables 

WO 

KO 

DE 

FE 

Table 4 Test Sentences 

ABA ABB 

WOFE TONE 
WO 
TONE WODEWO 

TONE FE DE DE 

WOKO WOKOKO 
WO 
WODE WODEDE 
WO 
WOFE WO FE FE 
WO 
KOWO KOWOWO 
KO 
KODEKO KODEDE 

KOFEKO KOFE FE 

DEWO DEWOWO 
DE 
TONE FE DE FE 

DEWO TONE 
DE 
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