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Abstract:  

 Infants are especially bright language learners. Newport (1990) suggests language 

learning occurs under maturational constraints meaning less mature learners seem better 
equipped to learn language. We suggest that this “immaturity” is driven by reliance on implicit 

learning which makes infants more “open-minded” (Quam et al, 2015). In order to shed light on 
implicit learning deficits in preschoolers with SLI and how these children may be similar to 
adults learning a second language, our preliminary studies ran 49 children between 48-73 months 

of age in a sound-category learning task that was best learned by integrating two sound 
dimensions. This type of information- integration category structure has been shown to be best 

learned implicitly (Maddox et al, 2013). In Experiment 1 (training and test blocks), 9 of the 11 
children who showed learning relied on F2 for their category judgements. In Experiment 2 (test 
blocks), all 6 “learners” relied primarily on F2. Overall, there was minimal cue integration. We 

concluded that Experiments 1 and 2 promoted use of explicit learning instead of implicit 
learning. Experiment 3 will utilize separate sound-category learning tasks (one explicit, one 

implicit) to help us evaluate sound-category learning in typically developing children and 
children with SLI from local preschools.  
 

Preface:  

 Growing up as an English-Spanish bilingual speaker in a community with a high 

percentage of bilingual individuals, it was not until I attended college in a different state that I 

fully grasped the significance of being fluent in two languages. It was also in college, upon 

studying American Sign Language for two semesters that I experienced the difficulty of learning 

a new language as an adult. For many years, I took for granted being able to engage in two 

languages and now being separated from my family, I have had to make a conscious effort to 

maintain my skills in Spanish. Alongside this, learning about the importance of fostering 

Multiculturalism and Bilingualism in my Speech and Hearing Science courses throughout the 

past year, has promoted my interest in studying the way that individuals across the age span learn 

and maintain their language skills.  

Introduction: 

Is there a critical period for language learning? 

  With consistent input and exemplars from their environment, infants seem to learn the 

conventions of language effortlessly. In contrast, adults, even those who take academic courses 



centered on second language learning, immerse themselves in a country that speaks this second 

language, and engage in years of practice in this language, struggle to reach native-like 

proficiency when they learn the language later in life. Newport, Supalla, Singleton, Supalla, and 

Coulter (1990) compared “native learners” of ASL to those who had acquired the language 

between the ages of 4 and 6 (“early learners”) and after the age of 12 (“late learners”). Early 

learners performed moderately on measures of ASL morphology in comparison to native learners 

while late learners performed poorly on these same measures. Similarly, in a phonemic 

discrimination task by Werker and Tees (1984), the researchers observed that infants could 

discriminate the place of articulation between a glottalized uvular sound and a glottalized velar 

sound without prior experience with these sounds. On the other hand, adults’ ability to perceive 

differences between the two sounds was limited supporting the observation that in adulthood 

individuals can only usually distinguish between two phonetically similar sounds when they are 

part of the adult’s native language, such as /p/ and /b/ in English (Best & Tyler, 2007). Adults are 

less able to perceive differences between a native sound and a similar non-native sound.  Upon 

further investigation, Werker and Tees (1984) also found that the ability to discriminate 

nonnative sound contrasts changed significantly within the first year of life with discrimination 

abilities decreasing around 10 months of age. The results from both studies support the idea of a 

“critical period” or an optimal time frame for language acquisition that optimizes the 

development of native proficiency in a language. 

 Newport (1990) suggested that these previously mentioned differences in proficiency 

between learner groups are observed because language acquisition occurs under maturational 

constraints. In a study conducted by Johnson and Newport (1989), Korean and Chinese speakers 

who were immersed in English after their arrival in the U.S. between the ages of 3 to 39 were 



asked to make grammaticality judgements about 276 simple English sentences. These judgments 

were translated to a language measure score that demonstrated each individual’s ability or 

inability to recognize appropriate versus inappropriate use of English morphology.  For the 

participants that arrived in the U.S between 3-15 years of age (prior to or around the time of 

puberty), there was a significant negative correlation between age of arrival and performance on 

the grammaticality judgment. For the adults arriving after puberty (ages 17-39) performance was 

not significantly affected by age, providing support for Newport’s (1990) hypothesis that effects 

of age of acquisition are also effects of the maturational stage of the language learner. In essence, 

Newport (1990) suggests that individuals who learn language at a later maturational stage will 

acquire language with less proficiency than individuals who are exposed to the language during 

the “least mature” stage of development. This immaturity we suggest to be an “open-minded” 

approach to learning (Golisch, 2014; Quam, Lotto, Golisch, Gallegos, & Gerken, 2015) guided 

by the use of implicit learning and limited experience with the native language. 

How does implicit memory aid infants during language learning? 

 Category formation allows individuals to make time-efficient decisions across a variety 

of situations, making it an essential tool for everyday survival (Huang-Pollock, Maddox, & 

Karalunas, 2011). Two systems aid in the task of categorization. The explicit system helps 

individuals to consciously form an explicit rule for categorization by using trial and error to test 

their hypotheses. The implicit system aids us in gradually learning the subtle differences in 

stimuli through more passive observation. In a study by Minda, Desroches, and Church (2008), 

3- year-old participants struggled on a categorization task that was most successfully completed 

using a uni-dimensional, explicit strategy, but the 3-year-olds performed equivalently to 5- and 



7- year-olds on a task that relied more on implicit learning strategies (an information integration 

strategy).  

The neural structures that support implicit learning (the Procedural Memory system; 

Richmond & Nelson, 2007) develop earlier than the structures that support explicit learning (the 

Declarative Memory system). This ability to more readily access implicit learning may help 

infants to equally attend to information about the focal cue as well as the context surrounding it 

(Jones & Herbert, 2006), making them more flexible learners. Similarly, Thiessen and Yee 

(2010) observed that infants (15 months old) retained contextual and perceptual features from 

their previous experiences with particular word forms making it more difficult to use phonemic 

contrasts to learn new labels for novel objects. Werker, Fennell, Corcoran, and Stager (2002) 

observed a relationship between vocabulary size and the ability to use phonemic contrasts for 

word learning. In essence, it seems that with more exposure and practice with a particular 

language, infants were better able to focus on the “central” cues relevant for learning novel 

words in their language.  Younger infants’ attention to “irrelevant” details paired with less 

experience with a language seems to strengthen infants’ language learning abilities. We suggest 

that access to an implicit learning strategy allows for infants to attend to multiple dimensions 

(regardless of relevance to their native language) encouraging our previously mentioned idea 

about “open-minded” learning.  

Why might second language learning be difficult for adults?  

In comparison to infants, adults rely more on explicit learning to efficiently determine the 

relevance of new information during a categorization task which we suggest makes it more 

difficult for adults to learn a new language. Along with this difference in learning strategy, adults 

also have significantly more experience with their native language than infants and children. The 



COVIS model of category learning suggests that adults are inclined to use an explicit learning 

strategy (i.e. following a unidimensional rule) when learning novel categories (Filoteo, 

Lauritzen, & Maddox, 2010; Ashby, Paul, & Maddox, 1998). DeCaro, Thomas, and Beilock 

(2008) observed that along with an initial response towards using explicit (verbalizable) rules, 

adults with greater working memory capacity typically learned rule-based categories faster and 

they were less likely to abandon a rule based strategy for a procedural based strategy 

(information integration). In the case of second language learning, we suggest that adults’ 

predisposition to use explicit strategies makes them focus only on the dimensions of a new sound 

that are relevant to their native language. In turn, they ignore the irrelevant dimensions of a 

sound making them less “open-minded” or less flexible learners (Golisch, 2014; Quam, Lotto, 

Golisch, Gallegos, & Gerken, 2015).  

On the other hand, adults with a smaller working memory capacity seemed to learn 

information integration categories more quickly (DeCaro, Thomas, & Beilock, 2008). This 

information integration strategy (implicit strategy) is optimal for language learning because it 

promotes attention to all the dimensions of a novel sound regardless of the dimension’s relevance 

in the individual’s native language. This attention to all aspects of the sound promotes language 

learning. Although adults initially depend on explicit learning, they can be shifted to learn in this 

more infant- like, open minded manner. In Filoteo et al.’s (2010) study, adults were better able to 

integrate two dimensions when a working memory task was interleaved into the sound-category 

learning task.  Along with the type of learning strategy an adult uses when attending to new 

information, language exposure has a noticeable impact on an adult learns a new language.  

Best and Tyler (2007) emphasized that linguistic experience, developmental history, and 

even social experiences affect the way that an individual will perceive a novel sound. They 



suggest that inexperienced second language learners attending to a new sound compare it to their 

native phonology, pulling away similarities and differences between this new sound and sounds 

in their native phonetic inventory. The individual perceptually assimilates the nonnative phone to 

the most articulatorily-similar native phoneme (Best & Tyler, 2007). In essence, we can view 

this assimilation as a strategy that works to optimize speech perception by applying previous 

knowledge to efficiently categorize the present sound. However, adults are not completely 

unable to distinguish between nonnative sounds. Adults are able to discriminate between 

nonnative phones that do not have a “prototype” or phonetically similar sound in the native 

language (Flege, 1995; Best, McRoberts, & Goodell, 2001). We suggest that reliance on explicit 

learning and extended period of experience with their native language impacts adults’ language 

learning skills.    

Are children with SLI similar to adults in how they learn language? 

 The Procedural Deficit Hypothesis suggests that abnormalities of the brain structures 

underlying procedural memory (implicit learning) are responsible for the language difficulties 

that present in children with Specific Language Impairment (SLI-; Ullman & Pierpont, 2005). A 

meta-analysis conducted by Lum, Conti-Ramsden, Morgan, and Ullman (2014) revealed that of 

the 186 children with SLI and 203 typically developing children that were sampled across 

studies, procedural learning in a serial reaction time task was impaired in the children with SLI. 

Typically developing children showed a decrease in reaction time while learning an implicit 

pattern, but children with SLI showed no significant change in reaction time. The typically 

developing children were better able to rapidly and automatically (implicitly) learn the 

underlying pattern of stimulus presentation across four positions on the computer screen 

resulting in an increase in their reaction times after several exposures to the pattern (Lum et al, 

2014). In other words, they were quicker to predict the position where a stimulus would be 



presented next on the screen based on the implicit pattern they were learning. However, the 

children with SLI were slower to learn the implicit pattern resulting in no change in their reaction 

times. In response to a difficulty with the grammatical structures of their language and difficulty 

with access to procedural memory, children with SLI may compensate by relying more heavily 

on the declarative memory system (explicit learning). In this respect, we propose that children 

with SLI are similar to adults and will show similar struggles in learning sound categories that 

are most successfully learned using an integration- information strategy (implicit learning).  

One clinical hallmark of SLI is decreased accuracy in producing morphemes that mark 

tense, especially those for past tense, in comparison to age-matched peers who reach adult-like 

proficiency for the same morphemes (Rice &Wexler, 1996). It has been proposed that 

declarative memory might actually compensate to some degree for rule-governed facets of 

grammar that are typically supported by the procedural system. Lum, Conti-Ramsden, Page, and 

Ullman (2011) observed that grammatical abilities were associated with procedural memory in 

the typically developing children who participated in their study, but with verbal (and not visual) 

declarative memory in the children with SLI.  However, the declarative system does not 

completely compensate for all of the areas of language learning that are supported by the 

procedural memory system (implicit learning). Hsu, Tomblin, and Christiansen (2014) observed 

that college adults with language impairment struggled to use variability learning to recognize 

non-adjacent dependencies in a speech sample, but they were better able to learn the non-

adjacent dependencies when there was less variability suggesting that the adults with SLI were 

using rote memorization to learn the samples. Variability learning occurs when a particular 

structure such as the “is ---ing” (as in “She is cooking” or “He is playing”) grammatical tense 

structure is learned in multiple contexts. Children do not learn the non-adjacent dependency 



structure through application of only one verb to the structure; they have to learn several verbs 

that can go in between the structures.  A rote memorization strategy is not optimal for learning a 

variety of features of language over an extended period of time because language is generative. 

There are millions of combinations in which one structure can be used so if a child memorizes 

the particular pairings they will not be able to generalize the non-adjacent pair to a novel verb, as 

seen in the example above. 

The underlying system impairment that affects language in children with SLI is still 

highly debated.  Montgomery and Evans (2009) observed that children with SLI performed 

comparably to typically developing children on simple sentence comprehension, but performed 

poorly on an equivalent task that required complex sentence comprehension. Since 

comprehension of both types of sentences requires an intact working memory system, the 

researchers proposed that SLI could be due to an underlying impairment to the working memory 

system. On the other hand, a meta-analysis conducted by Lum & Conti-Ramsden (2013) presents 

support for the possibility that it may be multiple memory systems, including verbal working 

memory, verbal declarative memory, and procedural memory, that are affected in individuals 

with SLI and not just one as has been proposed by various research studies.  Our study hopes to 

shed light on the underlying system that might be affected in children with SLI and compare 

them to their typically developing age matched peers and college aged adults, a group that as 

described in the previous section, also struggles with language learning.   

The Present Study:  

 The aim of our study was to investigate the differences in implicit learning between 

typically developing preschoolers and preschoolers with SLI in order to shed light on a possible 

deficit in implicit learning in children with SLI. For this preliminary study, we adapted our two-



dimensional category structure from one developed by Holt & Lotto (2006); however, we used 

36 training stimuli and 36 test stimuli that differed on two sound dimensions different from those 

used in their study. Our sound categories differed on pitch and F2. The experiment set-up was 

modified in a few ways from an earlier thesis study conducted by Golisch (2014) with adults, to 

make the paradigm suitable for use with preschoolers. First, we used a little monster character to 

help introduce and engage children in the category learning task and we also shortened the task 

from three repetitions of a training block with feedback and a testing block, to two repetitions. 

Second, we included a pre- and post-test that took sound pairs from across and within sound 

categories and asked children to determine if they were the same kind of sound or different 

sounds. We hoped that this would help us shed light on children’s category biases before the 

study, if they carry these biases into the category learning task, and their ability to modify the 

dimension(s) they attend to after the training and test blocks are completed. We predict that 

typically developing preschoolers will be more successful at integrating both dimensions (which 

would be shown in their cue weighting of each dimension) than their peers with SLI. We hope 

that this experiment will shed light on the way that children attend to new information and how 

they apply this information towards the creation of new categories as well as how their learning 

strategies can be applied to adults that struggle with second language learning and children with 

SLI.  

Experiment 1 

Methods:  

Participants. Twenty-three children (19 females, 4 males) between the ages of 49 

months, 26 days and 73 months, 8 days participated in the Benjamin Button Jr. study at the 

University of Arizona Tweety Infant Language Development Lab. One participant was excluded 



because of a sensory-input disorder that was noted by the parent on a questionnaire.  

 Auditory Stimuli. The sound stimuli for the experiment were manipulated along two 

dimensions. The first dimension was F0 (pitch) and the second dimension was the second-

formant frequency (F2). In English, varying pitch between utterances does not change the 

meaning of a word. Thus, in regard to word meaning, pitch is a non-native dimension for English 

speakers (whereas, tonal languages such as Mandarin Chinese utilize pitch changes to establish 

word meaning). However, F2 is relevant to changing word meaning in English. A change in the 

F2 value of a sound determines the vowel quality of that sound (as in /beet/ in comparison to 

/boot/). For this experiment, the stimuli were isolated vowels synthesized using Klaat within the 

program PRAAT (Boersma, & Weenink, 2008). The program created isolated vowels that 

differed in F0 and F2, but remained constant along F1, F3, and F4.  

The training stimuli consisted of two sound categories that each formed a Gaussian-like 

distribution in the F0-F2 space. Each sound category contained 18 stimuli distributed along 3 

concentric circles (with six pongs per circle) (refer to Figure 1). The radius from the inner circle 

to the middle circle and from the middle circle to the outer circle increased by the same distance.  

Since the circumference of each circle was increasing each time, the stimuli became more 

dispersed along each circle or toward the edge of each prong while remaining dense toward the 

center of the circle.  Twelve participants were run in the original version of Experiment 1 and 11 

participants were run in a modified version of Experiment 1. As shown in Figure 1 (second 

grid), the two sound categories were rotated so that they were symmetrical along the diagonal. If 

a participant used a uni-dimensional strategy to categorize the sounds, they would have the same 

level of accuracy or same number of possible errors.  



The test stimuli consisted of 36 stimuli that were evenly dispersed across a 6x6 grid, also 

in the F0-F2 space. The F0 dimension, represented vertically in Figure 1, ranged from low to high 

pitch, 117 Hz to 180 Hz. These values reflect the pitch range of a female voice, specifically that 

of my project advisor Dr. Carolyn Quam.  The F2 dimension ranged from an /u/ to an /i/ sound- 

specifically, from1060 Hz to2195 Hz moving horizontally left to right in Figure 1. These values 

were also loosely based on Dr. Quam’s vocal range. All stimuli sets were designed using the 

Bark scale, a logarithmic scale designed to reflect and compensate for the pitch compression in 

the human auditory system, which increases as frequency increases (Golisch, 2014).  

   

Figure 1: The asymmetrical training categories  (left) show that a uni-dimensional strategy using the pitch 

dimension leads to two incorrect responses, but a uni-dimensional strategy using the F2 dimension would only lead 

to one incorrect response. The symmetrical training categories (right) show that using either uni-dimensional 

strategy only leads to one incorrect response.   
 

Apparatus and Procedure. Each child was taken to a specially arranged toddler room 

where he or she was asked to sit in a chair one to one and a half feet from a computer screen. 

Only the experimenter (who sat directly to the left of the child) and parents or guardian (seated 

behind and to the right of the child) were allowed in the room. All sessions were video recorded.  

Before the beginning of the study, each child was given a brief, age appropriate explanation 

concerning the types of stimuli (auditory and visual) they would be shown and the types of 

responses (verbal or key response) that would be elicited from them after each stimulus was 

presented.   



The experiment was created using the program PsychoPy (Version 1.79.00). The study 

began with a same/different task. First, the children were presented with presented with two 

shapes (triangles/circles) at a time on the computer screen and they were asked to verbally tell 

the experimenter if they thought the shapes were the same or different. Two keyboard buttons (Q 

and W) were assigned as the same/different trial response keys. A picture of a triangle and circle 

were placed on the Q button to represent different structures and a picture of two triangles was 

placed on the W button to represent similar structures. When the children responded “same” or 

“different,” the experimenter pressed the appropriate button. This task was an introduction to the 

auditory same-different task.  

Next, the children were presented with 16 sound pairs made up of sounds from the test 

grid. Each sound pair differed either in pitch or vowel quality. Each sound pair was either from 

the same side of the diagonal boundary or from opposite sides. The distance between each sound 

pair was consistently two stimuli apart in the test grid (refer to Figure 2). The sound pairs were 

presented in a random order during each auditory same-different task. This auditory same-

different task was repeated after the category learning task so that it could serve as a pre- and 

post-test to assess what the children learned during category learning task. The experimenter 

(Ms. Gallegos) explained that two sounds would be simultaneously presented through a set of 

kid-friendly (Kidz Gear) supra-aural headphones. A constant volume was maintained on the 

headphones throughout all of the experiments. Once the children were fitted with the 

headphones, sounds were presented two at a time and the children were asked to verbally 

identify if the pair was similar or different. After each response the experimenter pressed the 

appropriate key on the computer. The Q key was covered with a picture of a triangle and circle 

(different shapes=different sounds) and the W key was covered with a picture of two circles 



(same shapes =same sounds). For every child that elected to do so, they were allowed to verbally 

respond and push the Q and W keys on their own.  

 

Figure 2: The same-different pairs were all one test grid stimulus apart. Four of the pairs were within the same 

category (based on the diagonal boundary) and four of the pairs were in different categories. All of the pairs differed 

on only one dimension (either pitch or F2).  

 

Once the same-different task was finished, the experimenter introduced each child to a 

character on the computer screen named Leonard who was pictured with an apple and a glass of 

milk (see Image 1). The experimenter explained that Leonard spoke a different language than 

the children; therefore, they would be required to listen carefully to the sounds that he made for 

them through the headphones. They were told that on each trial, Leonard was either hungry and 

would make a sound asking for the apple or that Leonard was thirsty and would make a sound 

asking for the glass of milk. The children were then shown two buttons which they would be 

asked to choose between- to indicate what Leonard was asking for each time that he produced a 

sound. The left arrow button was covered with a picture of a glass of milk and the right arrow 

button was covered with a picture of an apple. The apple remained on the left side of Leonard 

and the apple remained on the right side so that the children were not inclined to switch response 

keys based on when the images switched sides. For each trial, the stimulus played exactly .5 

seconds after the images appeared on the screen. Two different apple and milk pictures were 



interchanged across trials to help control for possible personal preferences for a certain apple or 

milk picture.  

Following the introduction to Leonard, the children participated in two repetitions of 

training and test blocks (Training + Test, Training + Test).  After each training stimulus played 

through the headphones, the children were asked to respond whether they thought Leonard made 

the sound asking for an apple or the sound asking for milk by pressing the corresponding labeled 

answer key. During the training blocks, if the child’s response was correct they were presented 

with a smiley face on the screen, but if their response was incorrect they were presented with a 

frowny face on the screen. The second block tested the child’s knowledge of the sound 

categories. The training stimuli and test grid stimuli were presented to the child in a random 

order. There was no feedback during the test block. After each stimulus presentation and key 

response, a blank gray screen appeared. Then Leonard, an apple, and a glass of milk would 

reappear on the screen and present the child with the next stimulus. The computer experiment 

concluded with a post-test that was identical to the pre-test same-different task mentioned above.  

One presentation of the Training + Test blocks typically took each child 10 minutes to 

complete. Typically, the auditory same-different task was completed in 3 minutes. The total 

experiment took approximately 26 minutes although each child’s needs (bathroom, water breaks) 

and motivation/interest in the task accounted for some variation in this time.  

       



Image 1: This image shows the sequence of stimuli presentation to each participant. The monster (Leonard) and 

the objects he will ask for (apple or milk) were introduced to each child. Then, during training they were presented 

with a sound, asked to respond using the keys labeled with the objects, and were given feedback. In the test phase, 

the sequence was the same, but the smiley or frowny face feedback.   
Results: 
 

First, we analyzed if there was a difference in sound category learning between the two 

versions of the experiment (original vs. symmetrical auditory stimuli). In the original 

(asymmetrical) version of Experiment 1, participants may have been more likely to use only the 

F2 dimension to categorize the stimuli since using this strategy would have led to only 2 errors 

while using only the pitch dimension to categorize the sounds would have led to 4 errors. A t-test 

revealed no significant difference in accuracy between the children in the original version and 

the symmetrical version (t(19.99) =0.037, p=0.97; original: μ=66.6%, SD=15.8%; symmetrical: 

μ=66.3%, SD=18.1%).); therefore, the two groups were collapsed in further analyses of training 

data. Once the groups were combined, the average accuracy was μ=66.4% (SD=16.5%). Next, 

we determined if there was a difference in children’s response accuracy between the two sound 

categories (high-pitched “ooh” vs. low-pitched “ee”) in the training phase. The t-test revealed no 

significant difference between children’s performance on the two categories (t(22) =0.122, 

p=0.90; “ooh”: μ=66.3%, SD=17.8%; “ee”: μ=66.5%, SD=16.6).  

 We were also interested in whether children’s accuracy increased across the two training 

blocks. A t-test revealed no significant difference between children’s accuracy in the first 

training block versus the second training block (t(22) =0.650, p=0.52; training1: μ=67.3%, 

SD=16.4%; training2: μ=65.6%, SD= 18.8%). However, accuracy was highly correlated across 

participants for the two training blocks showing steady individual differences in accuracy (r = 

0.76, p < 0.001). We did not check for gender differences in accuracy as there were only 4 male 

participants and 19 female participants. Age could have also affected participant’s training 

accuracy so we evaluated the relationship between participants’ accuracy and age. A correlation 



test revealed a significant positive correlation between age and accuracy (r = 0.53, p < 0.01). As 

shown in Figure 3, training accuracy increased with age.    

                                     

Figure 3: This graph shows the significant positive correlation between age and accuracy (r = 0.53, p < 0.01). 

Training accuracy increased with age. The red line represents chance (50%) accuracy; only 3 participants were 

below 50%.  

 
Children’s responses in the test trials allowed us to assess their weighting of each 

dimension when making their category judgments. We correlated the child’s category judgment 

for each of the 36 test stimuli with the F0 and F2 values of those stimuli. A little less than half of 

the children (11/23) showed a significant (10 children, p< .05) or marginal (1 child, p< .1) 

correlation between using one dimension and their category judgments. The highest cue weight 

(on either dimension) for each of these 11 children (“learners”) ranged from r = 0.30 to r = 0.87. 

As with the training analyses, participants who listened to the asymmetrical sound categories 

may have been more likely to use only the F2 dimension to categorize the stimuli since using this 

strategy would have led to only 2 errors while using only the pitch dimension to categorize the 

sounds would have led to 4 errors. Therefore, we began by comparing the participants run in the 

asymmetrical version of the study with the participants in the symmetrical version of the study 

since.  A t-test revealed a marginal difference between the groups for pitch cue weights 

(t(16.66)= 1.74, p=0.10; original: μ=0.187, SD=0.290;  symmetrical: μ= 0.022, SD= 0.148). A t-



test revealed no significant difference between the two groups for F2 cue weights (t(20.95)= 1.21, 

p= 0.24; original: μ= 0.176, SD= 0.380; symmetrical: μ= 0.356, SD= 0.330). These results were 

in the opposite direction that we had predicted (differences in use of F2 not pitch). Since there 

was no effect of the training grid on participants’ use of F2 (reliance of pitch was not dependent 

on the symmetry of the grid) we decided to collapse the groups for further analysis.  

Next, we assessed cue weighting differences between the first and the second test blocks. 

There was no significant difference in cue weighting of pitch between the test blocks (t(22)= -

1.40, p= 0.310; B1: μ= 0.061, SD= 0.232; B2: μ= 0.112, SD= 0.224); however, there was a non-

significant tendency towards using pitch more in the second block. There was no significant 

difference in F2 cue weighting between test blocks (t(22)= -0.653, p=0.52; B1: μ= 0.207, SD= 

0.327; B2: μ= 0.237, SD= 0.336). As with the training analyses, we did not analyze gender 

differences as there were 4 male participants and 19 female participants. Using the cue raw 

weights, we evaluated the relationship between age and cue weighting of each dimension in the 

test blocks. As shown in Figure 4, there was a significant correlation between age and cue 

weights for F0 (r = 0.506, p <.05) and between age and cue weights for F2 (r = 0.440, p <.05). We 

also analyzed if there was a tendency for participants to use F2 more heavily than pitch overall, 

since F2 is relevant to changing word meaning in English. A t-test revealed no significant 

difference between weighting of F0 and F2 (t(22)= 1.57, p = 0.130), but there was an non-

significant trend overall toward using F2 more than pitch (F2: μ= 0.26, SD= 0.36; F0: μ=0.11, 

SD= 0.24).  



   

Figure 4: The graphs show that there was a significant correlation between age and cue weights for F0 (r = 0.506, 

p <.05, left) as well as between age and cue weights for F2 (r = 0.440, p <.05, right). As with accuracy, cue 

weighting for each dimension increased with age.  
 

In a similar experiment, Golisch (2014) and Quam, Lotto, Golisch, Gallegos and Gerken 

(2015) assessed whether language context and taxing working memory could shift adults to be 

more open-minded language learners. The same auditory stimuli were used for both the training 

and test trials in her experiment; however, adults were tested in one of four conditions as shown 

below in Image 2.  Experiment 1 was most similar to the adult experimental condition in which 

working memory was not taxed and foreign symbols (symbols not associated with a particular 

sound) were used as response keys for the sound categorization task; therefore, we compared 

children’s raw cue weights to adults’ raw cue weights in the no working memory, foreign 

condition (shown below in Figure 5). There was a significant difference between children’s and 

adults’ pitch cue weights (t(19.8)= 3.32, p < 0.05; adults: μ= 0.48, SD= 0.374; kids: μ= 0.11, 

SD= 0.24). For F2 cue weights, there was no significant difference between children and adults 

(t(25.93)= 1.41, p= 0.17; adults: μ= 0.44, SD= 0.39; kids: μ= 0.26, SD= 0.36), although 

children’s cue weights were lower, indicating non-significantly weaker learning.   



                        

                                         

Figure 5: The bar graphs are for comparison of cue weighting of each dimension between our preschoolers and 

adult participants in Golisch’s (2014) and Quam, Lotto, Golisch, Gallegos and Gerken’s (2015) condition matched 

(no working memory taxation) experiment.  

 

               

Image 2: This table represents the four conditions in Golisch’s  (2014) and Quam, Lotto, Golisch, Gallegos and 

Gerken’s (2015) adult version of our study. The preschoolers in our study were most similar to adults in Condition 3 

(foreign symbols, or symbols not associated with a particular sound) and working memory was not taxed.  

 
Children also completed a sound differentiation pretest to evaluate whether they held any 

predispositions toward using one dimension over the other before the category learning task. We 

analyzed if these predispositions carried over (were good predictors) into the category learning 

task. Children’s responses were assigned a value of 0 for a response of “same” and 1 for a 



response of “different.” The values were then averaged for the sound pairs that varied on pitch 

and for the sound pairs that varied on F2.  The closer the child’s pretest score was to 1 for each 

dimension, the more likely the child was to respond “different” when presented with two sounds 

that varied on that dimension. A correlation test revealed no significant relationship between the 

pretest same-different scores and cue weighting for pitch when all 23 children were analyzed (r = 

0.25, p = 0.245). We hypothesized that the “non-learners” of the group may have added noise to 

the correlation; therefore, we ran a second correlation. When only the 11 children that 

significantly correlated one dimension with their category judgments (“learners”) were analyzed, 

a significant positive correlation was revealed between their pre-test same different scores and F2 

cue weights ( r = 0.66, p < 0.05; see Figure 6 right). Similarly, there was no significant 

correlation between pretest same-different scores and F2 cue weights when all 23 children were 

analyzed (r = 0.23, p = 0.29). When the 11 “learners” were analyzed, the correlation did not 

reach significance, but there seemed to be a non-significant tendency for cue weighting of pitch 

to increase as the pretest same-different scores for pitch increased (r = 0.56, p = 0.075; see 

Figure 6 left).  

          

Figure 6: The figure on the left shows a significant positive correlation between participants’ pre-test same 

different scores and F2 cue weights (r = 0.66, p < 0.05). The figure on the right shows the non-significant tendency 

for cue weighting of pitch to increase as the pretest same-different scores for pitch increased (r = 0.56, p = 0.075).  



 
Discussion:   

 In the Experiment 1 training, there was a correlation between age and accuracy; as age 

increased, children’s accuracy increased. This was also true for a correlation test run between age 

and cue weighting for both dimensions in the test phase; as age increased, children’s weighting 

of each dimension increased. Children’s cue weights were compared to those of adults run in the 

no working memory taxation, foreign language context condition of the adult version of this 

study. There was no significant difference between children’s and adults’ cue weights for F2, but 

there was a difference in their weighting of pitch. Adults weighted pitch more heavily overall 

than children. Children’s raw cue weights were also analyzed in relation to their pretest same-

different task scores for each dimension. Pretest scores showed how frequently a child 

considered either dimension relevant to differentiating sound pairs before the category learning 

task. There was no significant relationship between children’s pitch or F2 cue weights and their 

corresponding pretest scores. Upon further analysis, we found that only 11 of the 23 children 

significantly correlated at least one dimension with their category judgments (“learners”). All of 

them were older than 53 months (approximately 4.5 years old). We hypothesized that “non-

learners” of the group may have added noise to the correlation so we ran a second correlation. 

Among these 11 children, there was a significant correlation between F2 pretest scores and F2 cue 

weights. For pitch, there was an insignificant trend towards an increase in cue weights as the 

pitch pretest scores increased. It seems that those children who had a predisposition towards 

using F2 more heavily for the pretest same-different task then carried this bias into the sound 

categorization task, relying more heavily on F2 to differentiate the categories. In other words, the 

category structure did not create enough pressure to integrate dimensions. We concluded that the 

large separation between sound categories may have allowed children to apply their pre-existing 



biases and use a single dimension to separate the categories. Our motivation for Experiment 2 

was to modify the auditory stimuli so that participants were required to integrate both dimensions 

in order to successfully learn the categories. Categories that require cue integration are best 

learned via implicit learning, so this experimental design should be a better test of whether 

children can learn categories implicitly across the age range.  

Experiment 2 

Methods: 

 Participants. 26 children (13 females, 13 males) between the ages of 48 months and 72 

months participated in the second version of the Benjamin Button Jr. study at the University of 

Arizona Tweety Infant Language Development Lab. 

 Auditory Stimuli. All of the training blocks utilized the stimulus set that was used in the 

test blocks in Experiment 1: the grid of 36 evenly distributed sounds. The training feedback 

introduced an arbitrary diagonal boundary separating the stimuli into two sound categories. 

Eighteen sounds belonged to each category. 

Apparatus and Procedure. Experiment 2 employed similar methods to Experiment 1, 

with some important differences. In contrast to Experiment 1, the test grid diagonal was shifted 

to break up the 6 six stimuli along the diagonal into each of the two categories. The experiment 

consisted of the pre-test auditory same/different task, four training blocks, and post-test auditory 

same/different task. By using the 6x6 test grid stimuli for the four training blocks we hoped this 

would promote more cue integration. The orientation of the diagonal (upper-left to lower-right or 

lower-left to upper-right, see Figure 5) and pairing of response keys with categories were 

counterbalanced across participants to account for any participant right or left-sided bias.  

 

 



Results: 

 

We began our analysis of Experiment 2 by evaluating participants’ accuracy. The average 

accuracy was 55.4% (SD= 9.7%). Since there were only two response keys, children had a 50 

percent chance of answering correctly during each training trial, so this average accuracy was not 

far above chance. In comparison to Experiment 1, this average was fairly low given that children 

participated in 4 training blocks compared to 2 training blocks in Experiment 1. Next, we looked 

at whether accuracy differed based on the sound category or if accuracy remained consistent. 

Accuracy was not dependent on the sound categories (t(25) = 0.55, p = 0.58; “ooh”: μ= 54.8%, 

SD= 10.9%; “ee”: μ= 56.0%, SD= 11.5%). Similar to Experiment 1, we also looked at the effect 

of the training block on accuracy. We hypothesized that with continuous feedback, participants’ 

accuracies should have increased with each training block. However, an ANOVA revealed no 

significant difference in accuracy across the four training blocks (F(3,75)= .981, p=.406; B1: 

μ=0.54, SD= 0.10, B2: μ= 0.57, SD= 0.13, B3: μ= .54, SD= .11, B4: μ= .55, SD= .10). We also 

looked at whether there were any gender differences in accuracy or if accuracy remained 

consistent across all participants (13 males, 13 females). There was no significant difference in 

accuracy between male and female participants (t(23.96)= 0.51, p = 0.61; M: μ=54.4%, SD= 

10%; F: μ=56.4%, SD= 9.6%). Then we looked at the relationship between age and participants’ 

accuracy. There was a significant correlation between age and accuracy (r=0.53 p < .01). As 

shown in Figure 7, as age increased, participant’s accuracy increased.  



                                           

Figure 7: As in Experiment 1, there was a significant correlation between age and accuracy (r=0.53 p < .01). As 

shown above when age increased, participant’s accuracy typically increased. The red line represents chance (50%) 

accuracy; 9 participants were below 50%. 

 

            Similar to Experiment 1, children’s responses in the training trials allowed us to assess 

their weighting of each dimension when making their category judgments. We correlated the 

child’s category judgment for each of the 36 test stimuli with the F0 and F2 values of those 

stimuli. Less than 25% of the participants (6/26) showed a significant correlation between using 

one dimension and their category judgment. The highest cue weight (on either dimension) for 

each of these 6 children (“learners”) ranged from r = 0.48 to r = 0.86 (see Figure 8).  As before, 

we were interested in whether or not age influenced cue weighting for either dimension. There 

was no correlation between children’s pitch cue weights and age (t(24)= 0.04, p=0.97; Figure 9, 

left). However, there was a significant relationship between children’s F2 cue weights and age 

(t(24)= 3.74, p < .05; Figure 9, right). As age increased, children were more likely to use F2 in 

their category judgments.  



 

Figure 8: The bar graphs displays cue weights for the preschoolers in Experiment 2. As a group, participants 

showed much more variable learning than participants in Experiment 1.  

 

Overall, children used F2 significantly more than pitch (t(25)= 2.84, p < 0.05; pitch: μ= -

0.004, SD=0.19, F2: μ= 0.19, SD= 0.34). Pitch cue weights were low, ranging from -0.44 to 

0.24. On the other hand, F2 cue weights were larger ranging from -0.22 to 0.86.  We were also 

interested in whether cue weighting for either dimension changed depending on the training 

block or remained consistent throughout the blocks. An ANOVA revealed no significant 

difference in cue weighting for pitch across the training blocks (F(3,75)= 0.138, p= 0.94; B1:  

μ=0.01, SD= .206, B2: μ= .00, SD= .169, B3: μ= -0.02, SD= .171, B4: μ= .01, SD= 0.148). An 

ANOVA also revealed no significant difference in cue weighting of F2 across the training blocks 

(F(3,75)= 0.598, p = 0.618; B1:μ=0.14, SD=0.267, B2: μ= 0.17, SD= 0.301, B3: μ=0.11, SD= 

0.287, B4: μ= 0.10, SD= 0.303).   

 

                 



Figure 9: The image on the left shows that there was  no correlation between children’s pitch cue weights and age 

(t(24)= 0.04, p=0.97). However, as shown on the right, there was a significant relationship between children’s F2 cue 

weights and age (t(24)= 3.74, p < .05). As age increased, children were more likely to use F2 in their category 

judgments. 

 

 Since children in Experiment 2 were trained with different stimuli than the adults in 

Golisch’s (2014) and Quam, Lotto, Golisch, Gallegos and Gerken’s (2015) study, the two groups 

could not be compared in our Experiment 2 analyses. As in Experiment 1, children in 

Experiment 2 completed a sound differentiation task before the category learning task to 

determine whether they held any predispositions toward using one dimension over the other 

before the category learning task. We wanted to evaluate whether or not these predispositions 

carried over into the category learning task (i.e. whether they were good predictors of weighting 

of the two cues in category judgments). There was no significant relationship between children’s 

same-different scores and their pitch cue weights (r = 0.15, p = 0.45; Figure 10, topleft) or 

children’s same-different scores and their F2 cue weights (r = 0.14, p = 0.49; Figure 10, 

bottomleft) when all 26 children were grouped together. We hypothesized that the children with 

non-significant correlations between one dimension and their category judgments (“non-

learners”) might be adding noise to the correlation test. Therefore, we took the 6 “learners” and 

performed a correlation between their same-different pretest scores and their cue weights. Once 

again we found no significant relationship between the “learners’” pretest scores and their cue 

weights for pitch (r = -0.17, p= 0.12; Figure 10, topright) or their pretest scores and their cue 

weights for F2 (r = -0.70, p= 0.75; Figure 10, bottomright). Not only this, but the correlations 

were also in the opposite direction of what we had predicted. For the “learner” group, as the 

same-different pretest scores increased for either dimension, participants’ cue weights decreased. 

When based only on the correlations between same-different pretest scores and cue weights, it 

seems as if the children were not bringing their initial biases about the relevance of each 



dimension into the sound category learning task as children did in Experiment 1. However, when 

looking at the correlations between cue weighting and category judgments, all 6 “learners” only 

showed a significant correlation for F2 which means they may have been bringing native 

language (English) biases into the learning task. Since we only had 6 “learners,” we would need 

a larger group to draw more definitive conclusions.  

 

Figure 10: As demonstrated in the two graphs  on the left, there was no significant relationship between children’s 

same-different scores and their pitch cue weights (r = 0.15, p = 0.45) or children’s same-different scores and their F2 

cue weights (r = 0.14, p = 0.49) when all 26 children were grouped together. The graphs located to the right 

represent the “learners” whose pretest scores and their cue weights for pitch (r = -0.17, p= 0.12) and their pretest 

scores and their cue weights for F2 (r = -0.70, p= 0.75) had no significant correlation.  

 

Discussion:  

 In Experiment 2, average accuracy was fairly low and accuracy across children was 

highly variable ranging from 41% to 80%.  There was a significant positive correlation between 

accuracy and age; as age increased, participants’ accuracy increased. This also held true for the 

correlation between children’s cue weighting of F2 and age. As age increased, children’s cue 

weighting of F2 increased. However, there was no significant correlation between cue weighting 

of pitch and age. Children’s cue weights for pitch remained consistently low across the age span. 



Raw cue weights were not significantly correlated with children’s pretest sound differentiation 

task scores for each dimension. There was no significant relationship between pitch cue weights 

and pretest scores or F2 cue weights and pretest scores. Upon further analysis, we found that only 

6 of the 26 children significantly correlated at least one dimension with their category judgments 

(“learners”). All of them were older than 65 months (approximately 5.5 years old). In this case, 

the pretest scores were not consistent indicators of which dimension the participants used more 

heavily in the category learning task. The test grid stimuli (used for the training blocks) should 

have really pushed children to integrate the two dimensions because the categories had more 

overlap than the categories in Experiment 1 (see Figure 1) and  a uni-dimensional strategy 

would have decreased the amount of positive feedback (and in turn, accuracy). In Experiment 2 

if a child used a uni-dimensional strategy, they could only achieve 66.7% accuracy (6/18 

incorrect responses) where as in Experiment 1, if a child used a uni-dimensional strategy for the 

training stimuli they could have still achieved 92% accuracy (2/24 incorrect responses). Instead, 

we found that all of the 6 “learners” relied primarily on F2, so they were using a unidimensional 

strategy to learn the categories, despite the diagonal-boundary and push to integrate the 

dimensions.  

General Discussion 

Experiment 1 was more successful in promoting category learning than Experiment 2, but 

there was minimal cue integration. In Experiment 1, approximately 48% of participants (11/23 

preschoolers) showed a significant correlation between one dimension and their category 

judgements whereas only about 23% of participants (6/26 preschoolers) had a significant 

correlation between one dimension and their category judgements in Experiment 2. A majority of 

these participants relied heavily on the native English dimension, F2, when making their category 



judgments. We expected that the overlapping categories of the test grid (which would most 

accurately be learned using a two-dimensional strategy) and feedback throughout three training 

blocks in Experiment 2 would promote better cue integration. Instead, we found that those 

preschoolers who learned relied even more exclusively on F2 than the preschoolers in 

Experiment 1. In Experiment 1, 9 children out of 11 who showed significant correlations relied 

more heavily on F2 than pitch to make their category judgements, but in Experiment 2, all 6 

children relied most heavily on F2 when making sound categorization decisions. 

 Although overlapping categories should have motivated participants to attend to both 

dimensions in order to increase accuracy (thereby increasing positive feedback), the highly 

overlapping categories make it much harder to differentiate sounds. The diagonal category 

boundary is also one that has been shown by Huang-Pollock et al. (2011) to be best learned 

implicitly. Adults and children try to use explicit learning in this type of sound category learning 

task when they are not pushed to shift toward an implicit learning strategy (Maddox et al., 2013, 

Huang-Pollock et al., 2011) through an interleaved task that taxes working memory. Since we 

did not tax working memory and children have been shown to have access to explicit learning by 

the age of 4 (Jones & Herbert, 2006), it is possible that this task was tapping their explicit 

learning making it difficult for them to learn the diagonal boundary which is best learned 

implicitly. Based on these observations our goal in future experiments is to design a task that 

taps into children’s implicit learning thereby promoting better category learning and cue 

integration.  

 

Future Directions 

  The next phase of our experiment is focused on travelling to local Tucson preschools, 

assessing participants on their speech and language skills, separating typically developing 



children from children that have characteristics suggesting a Specific Language Impairment 

(SLI), and running children from both groups in our third experiment. We are creating two new, 

category learning tasks: one that taps into explicit learning and one that relies on implicit 

learning. The explicit version of the experiment moves away from using a native, English 

dimension and will use two dimensions (pitch and duration) that are not used in English to 

differentiate word meaning. The first version of the experiment will use six stimuli (equivalent in 

duration: 0.6 seconds) that vary on pitch, from low pitch (1.07 Barks) to high pitch (3.13 Barks). 

The second version of the study will use six stimuli that vary in duration from 0.3 seconds to 0.9 

seconds (equivalent in pitch, 2.09 Barks). There will be 12 training blocks with feedback, for 72 

total trials. In contrast to the first two experiments, the smiley/frowny face will remain on the 

screen for 1.5 seconds to allow the children with SLI a longer sensory processing time. A same 

different task will follow the training blocks to allow us to look at the child’s vertical boundary 

(See Figure 11) for differentiating the six sounds between those with low pitch and those with 

high pitch. The first task (preceding the training blocks) will be a discrimination task where we 

will play sound pairs that vary in distance from one another (i.e. a pair of stimuli that are next to 

each other versus a pair of stimuli that are at 5 stimuli apart). We will also play sound pairs 

consisting of the same sound repeated twice. In the discrimination task, we will look at the Just 

Noticeable Difference (JND) or smallest increment of pitch or duration that the children can tell 

apart, to be sure that children in both groups are able to discriminate the sounds acoustically.  



 

Figure 11: These tables represent the new, uni-dimensional stimuli that will be used for Experiment 3, Explicit 

task.  

 

The second, implicit task will adopt the same uni-dimensional test grid from the explicit 

task; however, a familiarization task will begin the experiment. During the familiarization phase, 

each sound category will correspond to either a green drink or plate of “alien” food, respectively. 

The monster, Leonard (from Experiment 1 and 2), will be placed on the screen and with each 

sound from the test grid that is played over the headphones the corresponding object will slide in 

from the left or right of the screen. The green drink will always slide onto the screen from the 

right, for example, and the plate with food will always slide in from the left.  An eye tracker will 

then be used to analyze the children’s anticipatory eye gaze. We hypothesize that as the child is 

familiarized with the sound categories, they will begin to look to the corresponding side from 

which the object that is matched with the sound is supposed to appear. The familiarization will 

be followed by 6 testing blocks, a same different task, and a discrimination task.  

The children will be assessed at the preschools using several standardized tests including 

the following: the Goldman-Fristoe Test of Articulation 2 (GFTA-2), Kaufman Assessment 

Battery for Children (KABC-II), the Peabody Picture Vocabulary Test (PPVT-4), Shirts and 

Shoes Test (Plante & Vance, 2011) of receptive vocabulary, and the Structured Photographic 

Expressive Language Test (SPELT). Children will also undergo a hearing screening to ensure 

that their hearing was normal on the days of testing. The assessments will be conducted by 



trained undergraduate and graduate research assistants and will be overseen by a certified 

Speech-Language Pathologist who will also interpret the results, separating the participants into 

the typically developing group and the group meeting criteria for SLI (based on scores on the 

Kaufman non-verbal assessment and the SPELT language test). Children from both groups will 

then be run in the aforementioned explicit and implicit tasks. Assessments and testing will take 

place over the course of 2-10 days to ensure optimal participation and engagement in the tasks.  
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