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Abstract: 140 words 

 The focus of this study was how statistical learning skills contribute to the learning of 

novel words as a function of the child’s pre-existing vocabulary. Understanding how children 

learn and develop spoken language is a concept extensively studied by those in the field of child 

language development. The ability to track statistical regularities is widely accepted as a key 

component in an infant’s capability to acquire and retain new vocabulary. It has also been 

commonly assumed that the infants with larger pre-existing vocabularies will perform better in 

language learning tasks; however, data is still largely mixed. This study introduced 22-month-

olds to an artificial language that contained statistical regularities and predictable patterns. The 

data found no statistically significant differences between the groups, but did trend in a manner 

that suggested that there may be significant results if ran with more participants.  

  



Introduction  

Acquiring a new language proves to be a difficult feat for most adults, yet we expect 

infants to begin learning how to speak early in life. How can infants successfully learn and 

articulate a language? Adults struggle to do the same task when learning a language other than 

their native language. It is simple to draw on your own experiences to understand how much 

information an infant faces when learning language. Think about the last time you were 

surrounded by people speaking a foreign language. The conversations probably seemed very fast 

and complex; the same is true for an infant who is trying to decipher their native language. From 

previous research, we know that infants are able to extract information from the language around 

them, process it, and use it to help them on their journey to vocalization. 

Infants are able to rely on different components of speech, such as statistical structures in 

speech/language, like transitional probability between syllables (Pelucchi & Saffran, 2009). 

Although there are several different strategies infants can use in order to acquire their language, 

this study focuses on the role of statistical frequencies such as transitional properties.  When a 

person or child uses transitional probability, it allows them to determine the likelihood that 

certain syllables will proceed another set. Transitional probability (TP) allows infants to know 

that when they hear bot- it is likely followed by -tle to form bottle rather than -ulism to form 

botulism. This is because in an infant’s world bot- is frequently followed by -tle and -tle is 

usually preceded by bot-. By being able to identify individual words through the use of TP, 

infants can begin addressing the issue of language as a continuous stream. The idea of language 

as a continuous stream refers to the fact that in foreign languages, or in the case of infants, all 

languages, words seem to blend into one, with no clear stop between one word and the next. As 



infants begin to determine the starts and ends of words, they form “chunks” of speech; these are 

the foundations of their speech (Swingley, 2010).  

Babies might use their ability in tracking statistical regularities to learn language 

(Romberg & Saffran, 2010). Statistical regularities can be defined as the information gathered 

from the environment: the ability for people, including infants, allows them to extract and 

acquire information from their environment (Romberg & Saffran 2010). Although all people 

have this ability to track statistical regularities, their language-learning abilities clearly differ. 

Differences are easily identified based on their performance on the Macarthur- Bates 

Communicative Development Inventory (MBCDIs). These MBCDIs serve as a comprehensive 

list of words that children often know.  Based on their vocabulary structured, as determined by 

the MBCDI, some babies are more advanced in their lexical development, and there are reasons 

to suspect that this may be in part due to their varied statistical learning abilities.  

Specifically, if you look at lexical development and how certain words are learned, some 

babies know more tokens from one category than other babies, meaning one child may be 

advanced in the number of animal words they know while also lacking in other categories, and 

this might have an impact on how they learn other items from the same category in the future. 

This research has been preliminarily investigated by Borovsky, Ellis, Evans, and Elman (2016).  

Evidence from previous research studies have supported the theory that vocabulary size 

and structure is associated with how children are able to learn language. A recently developing 

theory is that infants learn from both speech sounds and the auditory forms of words; these word 

forms are what allow children to build their vocabularies (Swingley, 2010). Infants show the 

ability to use their foundational understanding of vocabulary to expand and learn more terms. 

This means that as they develop a greater understanding of TP, they can better determine where 



one word begins and the next ends. From here, infants can continue to expand their knowledge, 

gaining new tools that allow them to go from simply “chunking words,” to articulating them, to 

understanding the meaning behind the “sounds” they are producing. In addition to their 

understanding of TP, infants rely on their ability to track phonotactic patterns. That is the 

likelihood that the occurrence of phonemes or a combination of phonemes will occur within a 

particular language (Estes, Edwards & Saffran, 2011).  

In her AVCORRE study, Dr. Lany presented 22 month old infants with an artificial 

language. This language allowed the infants to benefit from statistical and semantic cues in order 

for them to learn the words presented to them in the artificial language. The results of this study 

suggest that the infants that fell into the higher learning group were able to benefit from the 

statistical cues, thus allowing them to learn the words (Lany, MS). As a follow up to this study, 

Dr. Lany performed the AVCORRED study, which included some modifications to the original 

study. AVCORRED followed the same methods, but included more terms in the artificial 

language. This increase in words seemed to decrease the level of accuracy for all the infants, 

perhaps overwhelming them with too many terms.   

Pelucchi, Hay, and Saffran address infants’ ability to learn words in a task that exposes 

the infants to Italian rather than an artificial language. Italian follows several of the statistical 

properties and regularities of English; however, it is not commonly spoken in the United States. 

Italian serves as a reflection of a natural language similar to the one the child is already exposed 

to while still being unfamiliar to the children. Using Italian allowed the researchers to analyze 

the infants’ ability related to a real language rather than an artificial language. The experimenters 

were interested in determining the infants’ abilities to familiar and novel words, using statistical 

regularities and cues. The results from Experiment 3 suggests that the infants have a “novelty” 



preference for the infrequent syllables, rather than the HTP-words, as one would expect. 

However, in Experiments 1 and 2, the infants shows a preference for the familiar words 

(Pelucchi, Hay, & Saffran, 2009). Similar to the results from Experiment 3, Saffran found that 8-

month-olds show a preference for novelty words when exposed to an artificial language 

composed of four three-syllable nonsense words (Saffran, Aslin, & Newport, 2002).  

Estes, Edwards, and Saffran worked with 18-month-olds in order to address the question 

of how infants are able to use sound structure knowledge in order to understand the meaning of a 

newly acquired word (2011). In a looking while listening task, infants were exposed to either a 

language that followed the statistical properties of English (legal language) or a language that 

strayed from the statistical properties of English (illegal language). They found that the infants 

would look at the correct object only after hearing the legal language, but not after hearing the 

illegal language.  The results also showed a difference in performance with regards to vocabulary 

size. The infants with a higher density of terms displayed a larger difference between the 

learning of the legal and illegal words when compared to infants with smaller vocabularies.  

Borovsky, Ellis, Evans, and Elman addressed the relationship between the structure of 

vocabulary knowledge and how it affects language processing in English-speaking 24-month-old 

children (2016). Through the use of MBCDI and eye tracking information, the team found that 

the semantic density influenced performance in a sentence processing task (Borovsky, Ellis, 

Evans, & Elman, 2016). This finding further supports the hypothesis that larger categorical 

vocabularies aid in the acquisition of new words. Their findings further support the theory that 

language-processing skills are influenced by the semantic network of the infant’s environment. 

These studies support the current belief that an infant’s pre-existing vocabulary is influential in 

their ability to acquire new terms.  



Although we know that there is a relationship between a child’s pre-existing vocabulary 

and their ability to acquire new terms, we don’t know how influential it is. The field is currently 

torn with some studies concluding infants show a preference for novel terms, while others 

conclude they prefer familiar terms (Pelucchi, Hay, & Saffran, 2009). In order to understand this, 

we need to examine the relationship between categorical vocabulary (i.e. number of known 

animal words) and their accuracy in learning new terms. To identify the means through which 

children develop their language, we must establish an understanding of their ability to 

statistically track and identify patterns within speech. Two abilities that have been associated 

with language learning skills include the child’s ability to implicitly identify language structures 

from statistical regularities in the speech stream (Saffran, Aslin, & Newport, 1996) and the 

structure of a child’s vocabulary (Borovsky, Ellis, Evans, & Elman, 2016). While these two 

abilities have been measured separately, the two skills potentially have much in common. In 

order to gain a deeper understanding of their relationship, I worked to establish the relationship 

between a child’s categorical vocabulary and their ability to learn new words that fall within that 

category. In order to understand this relationship, I worked with the AVCORRED data 

previously gathered by Dr. Jill Lany (Lany, 2013).  

The initial findings from this data can be found in Dr. Lany’s previously published paper  

Statistical Learning Supports Lexical Development: Roles for Predictability and Lexical 

Organization.  In her original study, Dr. Lany was interested in determining whether statistical 

structure is able to support lexical development by allowing increased predictability in speech or 

by enhancing lexical organization (2013). At the conclusion of this experiment, Dr. Lany 

determined that correlations between word semantic properties and statistical properties are not 

what lead to word learning; however, there was evidence supporting the importance of 



categorical learning. Evidence was found suggesting that categorical learning was occurring, 

with the highest rates occurring for infants with better grammar; however, the effects were 

extremely modest.  It is from this data that I hope to extract more insight on the relationship 

between a child’s language and their statistical abilities.  To extract a deeper insight, I decided to 

recode the data with emphasis placed on the child’s animal and vehicular vocabularies, because 

those are the types of words used in the trials. 

My initial hypothesis was that there will be a statistically significant correlation between 

an infant’s ability to implicitly identify language structures and their vocabulary structure, 

indicating that children who are better at statistical learning skills, such as identifying words 

from an artificial language, would also show greater levels of semantic organization in their 

vocabulary. I predict that the children who record the largest vehicular and animal vocabularies, 

as reported by their parents, would show the highest accuracy in the trials. This hypothesis stems 

from our current understanding of how infants are able to use their knowledge, both conscious 

and unconscious to follow the speech stream around them. 

Methods 

Participants 

 For my data, I used information previously collected by Dr. Lany for her AVCORRED 

project. The participants included 21 females and 19 males who were 22-months old, with a 

mean age of 667 days, and a range of 643-690 days. In addition to meeting the age requirement, 

the children had to be monolingual English speaking, born full term, and free of 

health/developmental problems. A child was considered ineligible if they had hearing, vision, or 

language development delays as reported by their parent.  



Auditory Familiarization: The infants were presented with an artificial language in 

which words were ordered according to statistical regularities that formed a predictable pattern. 

The language was composed of four categories: a, b, X, and Y. a-words were “ong” or “erd” and 

b-words were “alt” or “ush” (figure 2). Infants were taught that a-words were paired with 

disyllabic X- words (i.e., “loga”) and b-words were combined with monosyllabic Y-word (e.g., 

“deech”). The pairings were 75% reliable, meaning that 75% of the time the a-words were 

followed by the X, disyllabic words, but 25% of the time the a-words were followed by the Y, 

monosyllabic words. This predictable pattern was designed to teach children that the 

distributional and phonological properties were reliable, 75% of the time but still probabilistic. 

Next, children were familiarized with word-referent pairings; X-words referred to animals and 

Y-words to vehicles (figure 1). After the initial habituation phase, children were exposed to 

either a Correlated-Semantics Condition or an Uncorrelated-Semantics Condition. In the 

Correlated-Semantics condition the words shared semantic properties, allowing the infants to use 

predictability or lexical organization. In the correlated condition infants were taught that a-words 

were paired with disyllabic X- words (i.e., “loga”) and b-words were combined with 

monosyllabic Y-word (e.g., “deech”), 75% of the time. This predictable and consistent pairing 

allowed children to gain statistical information.  The words within the Uncorrelated-Semantics 

did not share semantic properties, and thus the infants could solely benefit from predictability 

(Lany, 2013). Since the uncorrelated condition did not share semantic properties the children 

may have seen X-words paired with a-words or they may have been paired with b-words. This 

consistent change in pairing stripped away the semantic regularities in this condition.  

The language was spoken by an adult female who was using an animated voice in order 

to engage the participants. The target phrases were created through digital editing and splicing. 



When completed, the language contained 32 unique phrases: 12 aX, 12 bY, 4 aY, & 4 bX, 

represented in figure 3. Phrasing was standardized to be: 100 milliseconds within phrases, 300 

milliseconds within a string, and 700 milliseconds between two strings (Lany, MS).  

Referent Training: In this phase of the study, the child was presented with both the 

auditory stimuli and the visual stimuli. The visual stimuli was composed of animals and vehicles 

that are often unknown by the participants. The reliability of the stimuli was kept at 75%, so that 

the distributional, phonological, and semantic properties were reliable but still probabilistic. To 

keep the reliability at 75% Xs referred to one subcategory (either animal or vehicles) 75% and 

preceded 75% of the similar categorical pictures. Counterbalancing was done so that in half of 

the participants aX phrases mainly refer to animal and bY mainly refer to vehicles, the reverse 

was true for the remaining portion of participants.  

Experimental Procedure: Throughout the task, the child was with their parents in a 

soundproof room. Throughout the Auditory Familiarization phase, the stimuli was presented 

from speakers mounted in the booth. Participants were presented with the 32 unique phrases 4 

times in a random sequence. To decrease the rate of  fuss-outs, the child was allowed to quietly 

move around and play in the booth. 

Once the Auditory Familiarization phase was complete, the child was sat on their parent’s 

lap, roughly 1 meter away from a projector screen. To eliminate any bias created by the parents, 

they were given opaque glasses and asked to remain silent throughout the study. Referent 

training involved the presentation of a single picture in the lower corner of the screen for 6.5 

seconds. To avoid the child becoming tired with the task, the image moved up and down once 

during the trial. 1.5 seconds after the image appeared the two labeling phrases were played by a 

speaker placed below the screen. The participant was presented with each picture 4 times, with 



the order of the labeling phrases being counterbalanced throughout. Keeping the infant interested 

was done by the presentation of a 7 second cartoon after every 4th trial.  

The final phase was the testing phase, in which the participant was simultaneously 

presented with two pictures for 6.25 seconds. A label for the target image began 2 seconds after 

the images appeared. Each of the labels was tested 4 times for a total of 32 test trials. Once again 

the participant was presented with a 7 second cartoon every 4th trial. Data was collected and 

stored onto a DVD at a rate of 30 frames/second.  

Vocabulary Measurement 

 Establishing the child’s vocabulary was based on the information reported by their 

parents. The form was completed by the parent after the completion of the testing phase. The 

parents were asked to closely follow the instructions as outlined in the MacArthur-Bates 

Communicative Development Inventory. For this particular project, I was more interested in 

what words the child understood and not what words they vocalized. This means that I included 

words that would not traditionally be included; further explanation is included later in this paper.   

Approach to Analysis 

In this project, I measured children with larger proportion of vehicle and animal 

vocabularies were be better at following statistical cues. I analyzed the data to determine if 

significant differences occur between the high category and the low category.  Placement was 

determined based on their percentage of words known in a category, meaning a child that had 

45% in animals and 37% in vehicles was placed in the high density category in animals and low 

in vehicles, where as a child with 25% animals and 15% vehicles will still be placed in high 

animal and low vehicles. This method was selected so that I could have an accurate reflection of 

the individual child’s ability and how greater categorical knowledge influences their 



performance. It should be noted that two of the children were not sorted into both a low and high 

category because their performance was the same in both categories. One of the participants was 

100% in both categories while the other was 0% for both, so they were sorted into high for both 

and low for both respectively.  

The recordings were viewed by trained observers who coded them manually. The coders 

reported whether the participant was looking at the image located in the bottom left, right, 

transitioning, or off-task. To ensure accuracy, videos were coded twice by separate individuals. 

The agreement between the two coders was found to be greater than 99% for any one frame. The 

test trials were divided into three timed sections; the Baseline window which included the 2000 

ms of silence before the audio began. The Target window starting at 1000 ms after the onset of X 

or Y, and ended 2000 ms after the word onset. These window time frames were based on studies 

previously established by Dr. Lany and Dr. Saffran (2010). The coded results we used to 

determine the accuracy of the participants throughout the trials. It is this accuracy that I used 

throughout my analyses.  

I worked with Excel and SPSS in order to carry out several analyses that allowed me to 

compare the children at the highest, median, and lowest ranges. Throughout the data analysis 

process, my dependent variables included the early and late window accuracy for both the 

animals and vehicles trials. The independent variables included: animal words produced (AWP), 

vehicle words produced (VWP), correlated condition, and uncorrelated conditions.   

MBCDIs of the study participants were double coded in a Qualtrics survey designed by 

the Notre Dame infant studies lab, and several measures were extracted from these surveys. The 

first measure was a traditional word count, meaning that a word was counted if the child verbally 

produces that word, or an approximation such as “sketti” for spaghetti.  The traditional count 



follows the guidelines set forth in the MacArthur-Bates CDI scoring manual. The second 

measure was a more lenient approach that included not only the traditional count, i.e. spoken or 

approximation, but also understanding. Understanding here refers to if the child clearly 

understands the word even if they do not use the appropriate term, i.e. the child refers to the 

animal/item by the sound it makes or if they refer to even dog by “Zero” because that is their 

dog’s name. These two methods were selected because they provided the greatest understanding 

of the child’s vocabulary and their understanding. It was important to establish their level of 

understanding so that they could then be sorted based on their vocabulary. These two methods 

were then used to establish how many vehicle/animal words as well as total MBCDI words are in 

the child’s vocabulary both in the traditional and lenient counting. The lenient counting totals 

were used to carry out the analysis, as they provided the most comprehensive view of the child’s 

ability.  

 In order to determine the influence a child’s categorical knowledge on their ability to 

acquire new terms several analysis were carried out. These analyses began with determining 

which category was high density and which was low density for each participant. Children were 

placed into high and low density groups in reference to their own performance and not in 

comparison to others. This method has was previously established by Dr. Borovsky in her earlier 

studies.  

Results 

 I began my preliminary analysis by calculating the means and standard errors for the 

different conditions. Once the high and low categories were established for each participants the 

average accuracies were determined for, high density during the early window (M= .474, SE= 

0.041) and then for the late window (M= .562, SE =.039). This procedure was repeated to 



determine the low density accuracies for the early (M= .530, SE=.034) and late window (M= 

.458, SE= .041).  Two paired-sample t-tests comparing the high vs. low density in the early and 

late windows, separately indicated (M= -.032, SE=.057) and (M= .094, SE= .061) respectively 

(figure 4). Next, to explore whether density differed according to semantic category, a series of 

independent-sample T-test were run to see the relationships between high and low densities in 

both the animal and vehicle categories.  

 In addition to the means reported above, the means for the remaining categories were 

calculated (Figure 5). For the high density animal categories, the results were determined to be 

(M=.453, SE= .071) for the early window category and (M=.540, SE= .060) for the late window. 

As for the low density animal categories the results were found to be (M= .556, SE= .046) in the 

early window and (M= .449, SE= .056) in the late window. As for the high density vehicles (M= 

.463, SE= .053) in the early window and (M= .558, SE= .054) in the late window, the low 

density vehicles were (M= .530, SE= .034) in the early window and (M=.458, SE=.041) in the 

late window. These averages were then used to determined the Cohen’s D, which can be found in 

table 5.      

Analysis: 

 I believed that the infants with larger animal/vehicle vocabularies will show a preference 

to learning words within those categories. However, a child may show a preference for the 

novelty word and thus learn more words from the category that differs from their established 

vocabulary. 

Animal Analysis: An independent-sample t-test was conducted to compare early window 

accuracy in high density animals and low density animal conditions. There was not a significant 

difference in the scores for high density animal (M=.45, SD=.235) and low density 



animals(M=.56, SD=.165), t(22)=-1.258, p=.125. An independent-sample t-test was completed 

to compare late window animal accuracy in the scores for high density animal and low density 

animals. Similar to the early window results, there was not a significance between the high 

density animals (M= .54, SD= .201), and low density animals (M=.45, SD= .223), t(22)= 1.043 

p=.767.  

Vehicle Analysis: An independent-sample t-test was completed to compare early window 

vehicular accuracy between high density vehicles and low density vehicles. There was not a 

significant difference in the scores for high density vehicles (M= .46, SD= .191) and low density 

vehicles (M= .483, SD= .161), t(22)=-.274, p=.660. Similar to the animal analysis, a secondary 

analysis was completed to understand the relationship between late window vehicular accuracy 

in high density and low density vehicles. There was not a significant difference in the scores for 

high density vehicles (M= .56, SD= .196) and low density vehicles (M= .45, SD= .172), 

t(22)=1.447, p=.648.   

Discussion 

 Understanding the relationship between a child’s pre-existing vocabulary and their ability 

to acquire new terms is yet to be fully understood. This study sought to expand our 

understanding of how influential a child’s pre-existing categorical knowledge, in this case their 

vehicular and animal knowledge, is in their ability to learning words in those related categories. I 

believed that a child’s existing categorical would positively affect their ability to acquire words 

of a similar category, meaning those who know more of the words in that respective category 

would learn related words at a higher accuracy. In order to address this question, the children 

were presented with new terms that were related to terms in categories that are common to 

children of their age, in this case animals and vehicles. The children were then exposed to the 



auditory stimuli, followed by the auditory and visual stimuli paired. Finally, the participants were 

tested to determine if they had learn the pairings. The accuracy from these test trials were then 

used to carry out the appropriate analyses.  

Several independent-sample t-test were run in order to determine the influence of the 

vocabulary’s density; the results were found to be insignificant. Although the results were found 

to be insignificant, they trended in a pattern that suggests that the children learned better in their 

high density category.  This is further reflected in the Cohen’s D analysis which revealed a 

medium size effect for the animal early window, vehicle late window, and the density late 

window (Figure 5). I believe that the results were not significant because when divided into high 

and low categories there were few participants, and thus lower statistical power. I believe that if 

this study were recreated with more participants the statistical analysis would have greater 

power.  

  Establishing the child’s vocabulary and eligibility was limited to the parent-reported 

information collected by interview and from the MBCDI. Prior to the child being allowed to 

participate in the study, they must have met the requirements, outlined in the participant sections. 

However, a parent may have failed to accurately report their child’s abilities or problems; 

whether intentionally or not, this misrepresentation also could have an effect on the results. 

Although we asked the parent to closely follow the rules outlined by the MBCDI, we cannot be 

completely confident that they did so. Any failures to accurately report could lead to their child 

being incorrectly placed into either the low or high density category and thus they could have 

unintentionally skewed the findings. Differences could also be seen amongst the parents in 

regards to what they considered “spoken” and this may have led to parents reporting that their 

child doesn’t say a word because they say an approximation rather than the exact word listed. I 



was unable to follow-up on possible errors in filling out the MBCDIs because the study 

completed several years prior to my analysis of the data.  

The MBCDI provided a comprehensive list of animal words, 43 with 7 animal sounds, 

for a total of 50 animal terms. The vehicle list was much smaller and not comprehensive with 

only 14 and 16 with the inclusion of vehicle sounds. I believe this small number of vehicles fails 

to be representative of this category and is too small to lend itself to accurately running statistics. 

I believe this is why I failed to find statistically significant findings in regards to the vehicular 

category. When the participants were divided into their respective categories, I was left with a 

small n, which means I had relatively little power. By incorporating more participants, I believe 

that we would have a greater chance of finding significant result.  

In future studies I would like to establish a more comprehensive and reliable means to 

assess the child’s vocabulary. This increased reliability and comprehensiveness will allow us to 

draw more accurate conclusions. Simply making the list may not be enough to increase the 

validity of the data because the vehicle category will continue to be smaller than the animal 

category. I would therefore like to replace the vehicle category with a larger, but equally 

common category such as foods. I would also modify the learning task to include fewer terms in 

order to avoid overwhelming the infants. In discussing the study with Dr. Lany she suggested 

that the greater number of terms could have potentially led to the children performing worse.  

Conclusion  

 This study was intended to further our understanding of the relationship between a child’s 

vocabulary and their ability to learn words in that category. I hypothesized that the children with 

the greatest categorical knowledge would learn the words within the related category with a 

higher accuracy. This means that if a child knew more terms as determined by the MBCDI, they 



would learn the words with a higher accuracy. The data failed to support this hypothesis, likely 

because of the small sample size. I believe that if this study were to be repeated with more 

participants, and thus with greater statistical power, the results may support my hypothesis.  

 

  



 

Appendix  

Figure 1: Experimental Design  

 

 

 

 

 

 

 

 

 

 



 

Figure 2: Referent Training 

 

 

 

 

 

 



Figure 3: Auditory Stimuli  

 

 

 

 

 

 

 



Figure 4: Collapsed Paired T-test 

 

 

Figure 5: Independent Sample T-test 
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