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Abstract 

It has been observed that the way adults and infants learn languages is vastly different; however, 

there is much that we still do not understand about these differences. Infant brains have higher 

plasticity than adult brains. Adults have a large lexicon that they rely on when listening to 

speech, whereas infants initially have no lexicon; thus, some language rules are easier for infants 

to learn, while others are easier for adults. This study asked if adults' reliance on their lexicon is 

one factor that makes some rules more difficult to learn and if adults can learn a phonological 

disjunction rule that infants have been shown to learn more easily, and if accent of the teacher 

will affect their ability to learn. Subjects were asked to listen to a pre-recorded lesson on an alien 

language, read by a native Urdu speaker, before being asked to rate on a continuous scale how 

well new words conformed to the previously heard pattern. The results suggest that hearing 

words spoken by someone with a sufficiently foreign accent may allow adults to bypass their 

mental lexicons and learn Type II generalizations better than if their teacher has a more 

“familiar” American English accent. 

 

 

 

 

 

 

 

 



Introduction 

 We understand that infant brains have much higher plasticity than adult brains, especially 

when it comes to language learning and acquisition. They also appear to learn languages and 

particular language rules through a different process than adults. Differences in the language 

learning abilities of adults and children have been studied through experiments assessing adult 

versus infant ability to process phonological rules (Gerken, Quam, and Goffman; in press). One 

of the building blocks of this study is the idea that six visual categorizations, originally 

developed by Shepard, Hovland, and Jenkins in the 1960’s, can be applied to linguistics. These 

visual categorizations are used to determine how individuals process patterns and how 

individual’s sort/categorize visual stimuli. This is done through presenting individuals with 

columns of triangles and squares, each shape being either big or small, and black or white. 

 

Figure 1: The six visual categories presented by Shepard, Hovland, and Jenkins (1961) 



 Each of the six categories is classified by the shapes contained within each set column. 

For example, Type I contains shapes that are similar due to a single feature. This means that the 

left side column contains shapes that are all black triangles and squares, while the right column 

contains only white triangles and squares (Shepard, Hovland, Jenkins; 1961). In recent years, 

these visual categorizations have been translated over to apply to linguistics through 

phonological rules (Moreton, Pater, and Pertsova; 2017). We can treat phonological rules much 

like these visual categorizations; however, instead of triangles and squares, we have consonants 

and vowels. Consonants are then divided into voiced (meaning the vocal cords vibrate when the 

consonant is spoken) or voiceless (the vocal cords do not vibrate). Vowels are divided into place 

of articulation within the mouth (front, back, center). 

 

Figure 2: Consonant chart in IPA1. 

  

The category that is most relevant to this study is: Type II- where there are two black 

triangles and two white squares in one column, while in the other there are two white triangles 

and two black squares. In phonological generalization terms, Type II would mean that either both 

                                                
1 Retrieved from: https://www.internationalphoneticassociation.org/sites/default/files/IPA_Kiel_2015.pdf 



consonants in a word containing two consonants would either be voiced or voiceless. The Type 

II rule is also called a disjunction rule, meaning not all of the members of the category are 

similar to one another, as explained above.  

It has already been shown that adults learn Type IV generalizations easier than Type II 

(Gerken, Quam, and Goffman; in press), whereas 11-month-old infants readily learn Type II 

rules. Type IV generalizations, also called family resemblance rules, occur when shapes must 

follow at least two out of three requirements in the visual categorization. For example, the shapes 

must be two out of these three things: large, black, triangle. For linguistics, this means that the 

stipulations for a Type IV rule would be at least two out of three of the following: consonant one 

(C1) is voiced, consonant two (C2) is voiced, and the first vowel (V1) is a front vowel.  

One hypothesis for infants’ better performance on Type II rules is that they have an easier 

time learning phonetic linguistic rules incrementally, rather than all at once (Gerken and Quam, 

2017). Adults, on the other hand, have large lexicons (internal dictionary of words) and listen to 

language input with the goal of identifying words. Adults’ lexical bias might cause them to look 

for what is common across large numbers of words (which is good for learning Type IV rules), 

rather than noticing properties within a word (which is required for learning Type II rules). 

Lexicons begin developing as soon as a child is exposed to language. We associate the 

concepts we witness in the real world with verbal labels and sounds, then incorporate these into a 

mental dictionary we have for life. However, it appears that toddlers become much more adept at 



encoding sound-meaning correspondences, which are required for adding new words to the 

lexicon, at some time around 20 months, with the skill continuing to grow into early childhood. 

While the process of developing a lexicon is significantly more complicated than described 

above, we are all capable of naturally acquiring this lexicon at a very early stage in our lives. 

This lexicon helps us understand language, as well as produce it, which in some theories 

involves an extensive process of selecting a word (or lemma) in the lexicon and going through 

the process of turning it from concept, to morpheme, to phonological concept, and finally to an 

actual spoken word (Levelt, Roelofs, and Meyer; 1999). Similarly, when we are tasked with 

processing a word, we have to go through a process of breaking it down from spoken (or signed, 

in the case of sign language) sound to the concept again. All of this occurs in a matter of seconds 

in our minds.  

These lexicons can make second-language learning difficult past certain ages in 

development, as hypothesized by the Critical Periods Theory. This theory states that children’s 

ability to acquire language easily begins to rapidly degrade after the age of seven. This has been 

shown to translate over to second-language (L2) learning. Individuals who acquired their L2 at a 

younger age, before the age of seven, perform much better on grammatical tests and speech 

production tests than individuals who acquired their L2 later and/or after the age of seven 

(Johnson and Newport, 1989 and Huang, 2013). This difficulty may be due to a struggle to 

incorporate new language rules into an already fairly formed lexicon. At this point, individuals 



have learned what language “should” act like; thus, when introduced to a new set of rules in a 

foreign language that go against what they already know, they struggle. In experiments, it is 

shown that this lexical bias can have significant effects on the outcome of linguistic tasks, 

particularly when priming is involved.  

Lexical bias can affect how individuals process segments of language and various 

language rules. In experiments done to assess phonological priming, when asked to do a lexical 

decision task, it has been found that individuals are biased towards selecting words with similar 

phonemes to the prime (Goldinger et al, 1992; Mani and Plunkett, 2011). It has additionally been 

shown that when primed with the potential beginning syllable of a word, individuals tend to 

finish the word with something familiar but struggle to begin a word when presented with the 

potential final syllable of a word (Spinelli, Segui, and Radeau; 2010). This shows that 

individuals tend to complete segments of words with what is familiar to them, for example, in the 

case of Spinelli et al, when French-speaking individuals were primed with “ver” they completed 

the word as “vertige” (the word for vertigo, in French). This lexical bias is showcased with 

priming experiments and shows that it plays a large part in how we process language. It is this 

lexical bias that the current study is trying to bypass. 

This study is aimed at determining if adults are capable of bypassing their mental 

lexicons in order to learn the Type II generalization words by presenting words in a foreign 

accent. It is hypothesized that the foreign accent input will cause adults to be less likely to 



attempt to locate the words in their lexicons, therefore concentrating on the sound properties of 

each individual word. In the study, Introduction to Psychology students at the University of 

Arizona are brought in and asked to participate in a computer-presented language learning study 

in which they will be learning an “alien” language (a made-up language called Qixian). 

Participants listen to a pre-recorded list of Qixian words. Once they finish listening to the 

recording, participants are tasked with identifying true Qixian aliens from “spies”. The true 

aliens speak only Qixian (which is made up only of words that follow Type II generalizations). 

The spies cannot speak true Qixian, thus their language does not follow the Type II disjunction 

rule that true Qixian does. Participants will determine who is a spy and who is a true Qixian by 

listening to a word being read to them and determining how sure they are (using a continuous 

scale) that the word is a Qixian word or a spy word. 

The experimental condition being discussed in this paper is how accent of the teacher (the 

person reading the words to the participant via recording) affects the participants ability to gauge 

whether or not a word is Qixian. In other words, will the unfamiliarity of the accent force adults 

to bypass their mental lexicon in order to learn the Type II generalization rule present in the 

Qixian language. It is hypothesized that the participant may perceive the foreign accent as 

inherent to the Qixian language. In other words, the accent will be perceived as a Qixian accent. 

While both the Qixian and the Spy words will be read in an Urdu accent, the initial exposure to 

the Qixian language in an Urdu accent before the testing phase may prime participants into 



picking up on the Type II pattern (consciously or unconsciously). They will then internalize this 

pattern as if they have learned a new, foreign sound pattern that is unique to the Qixian language. 

They will then be able to recognize that the Spy sound pattern, when read in an Urdu accent, 

does not match the Qixian sound pattern.  

If adults show that they are able to differentiate between Qixian and spy words, we will 

have been successful in finding a way for adults to recognize the Type II disjunction rule. This 

would show that it is possible for adults to pick up on the rule contained within Type II 

generalizations. This would need further studying on how we could apply this to learning real 

languages in the world. If it is possible for them to learn Type II, this could change the way we 

try to teach adults a second language, perhaps by focusing on phonetic qualities in the language 

and emphasizing correct pronunciation. 

Methods 

Participants 

 35 college students (8 male), ranging from ages 18 to 30 participated in this study for 

course credit. One of the participants had to be dropped from the study due to a technological 

error, thus only 34 of the participants data was used. Additionally, 26 of the participants were 

missing one of the Qixian and one of the Spy stimuli words, and the data analysis compensated 

for these missing data points by using means for each item type. The participants were split 

between monolingual, native English speakers (n=16) and multi-lingual English speakers (n=18). 



Many of the multilingual speakers spoke Spanish and English. Participants had no history of 

brain injury or speech/language problems. 

Materials 

 The materials for this experiment were a list of familiarization words meant to familiarize 

participants with the made-up Qixian language. These familiarization words followed Type II 

generalization rules, in which Consonant (C) 1 was voiced only if C2 was voiced, and C1 was 

voiceless if C2 was voiceless. In addition to the familiarization words, there were 32 test stimuli 

words, split evenly between words that were consistent with the Type II language rule (these 

were considered the true Qixian words) and words that were inconsistent with the rule (these 

were considered the Spy words). Examples of these words are: bova, vuba, zuda, doza, bɛfa, 

vipa, zita, dɛsa, which can additionally be found in Figure 3. The first four words in this list are 

consistent with Type II, therefore are Qixian. The last four in the above list are inconsistent with 

the Type II rule because C1 and C2 have different voicing; therefore, these words are considered 

Spy words. The familiarization words and stimuli words were recorded by a woman who is a 

native Urdu speaker. Her accent is key in the experimental conditions, as we are looking at how 

accent potentially affects participants learning ability. 

 

 



 

Stimulus Description 

C1           V             C2 

Consistent with Type II Stimulus Description 

C1            V           C2 

Inconsistent with Type II 

+ Back + BOVA + Front - BEFA 

+ Back + VUBA + Front - VIPA 

+ Back + ZUDA + Front - ZITA 

- Front - SITA - Back + SUDA 

- Front - TESA - Back + TOZA 

Figure 3: Test Stimuli depicting consonant and vowel consistency with the Type II rule. For C1 

and C2, + indicates voiced, while – indicates voiceless. For V, front indicates the vowel is said in 

the front of the mouth, while back indicates it is said in the back of the mouth. 

Procedure 

 Participants were seated in a well-lit, quiet room. The experimenter was present in the 

room for the instruction period; however, once the instruction period ended, the experimenter 

would leave, to prevent any possible outside distraction. Participants were tested on a computer, 

using SuperLab 4.0.6 software. They were given headphones in order to prevent any outside 

noise from distracting them from listening to the words being read to them. Participants were 

told they would be hearing words spoken by members of an alien colony, the Qixians. After 

hearing some Qixian words, they would be tasked with determining whether new words were 

spoken by Qixians or by spies that were trying to infiltrate the colony. 

 Once they completed the instruction portion, the participant was presented with a still 

picture of several aliens standing around a campfire. In addition to this picture, the participant 

was presented the list of test words, read to them by the native Urdu speaker. Each word had a 

space of 250 milliseconds of silence between them. Once all of the test words had been read to 



them, the participants were then told (through SuperLab) that they would now be differentiating 

between Qixians and Spies. This would be done using a continuous scale. The stimuli words 

were read one-by-one in random order. They were accompanied by a picture of two aliens above 

a continuous scale, one side of the scale reading “Qixian” and the other reading “Spy.” 

Participants had to listen to the word and click either side of the scale to indicate whether they 

believed the word belonged to a Qixian or a Spy. Once all 32 words were read to them, 

participants filled out a small questionnaire about their language background and were debriefed. 

Results 

 The number of trials for which each participant indicated that test word sounded like the 

Qixian words from familiarization were tallied for test trials that were consistent vs. inconsistent 

with the Qixian rule. A 2 consistency (consistent vs. inconsistent) X 2 participant language 

(native English vs. non-native English) ANOVA (see Figs. 4 and 5) revealed a significant main 

effect of consistency (F (1,33) =  7.05, p = 0.012), such that more Qixian responses were made to 

test items that were consistent with the familiarization words.  That is, participants as a whole 

apeared to learn the rule. There was also a significant main effect of participant language (F 

(1,33) = 6.77, p = 0.014), such that multilingual participant made more overall Qixian responses 

that did mono-lingual English speakers.  Importantly, interaction between the two factors 

approached statistical significance (F (1,33) = 4.01, p = 0.054). Therefore, individual t-test were 



performed on each participant group's consistent vs. inconsistent responses.  The monolingual 

English-speakers showed significant discrimination of consistent vs. inconsistent test items (t(15)  

= 3.02, p  = 0.006). In contrast, the multilingual participants showed no hint of learning (t(17) =  

0.991, p = 0.336).  See Figure 6. 

Figure 4: Within-Subjects ANOVA 

Source Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. 

Intercept 438.177 1 438.177 927.163 0 

Mono/Multilingual 

“Qixian” Responses 

3.2 1 3.2 6.772 0.014 

Error 15.596 33 0.473 
  

Figure 5: Between-Subjects ANOVA 

 In Figure 6, it is shown that multilinguals on average answered with more Qixian 

(consistent) responses than did the monolingual individuals. There is a large difference between 

the inconsistent responses between monolinguals and multilinguals, as well.  

Source Type III 

Sum of 

Squares 

df Mean 

Square 

F Sig. 

Consistent versus 

Inconsistent 

0.929 1 0.929 7.045 0.012 

Consistency and 

Mono/Multi-lingual 

0.528 1 0.528 4.007 0.054 

Error (consistency) 4.351 33 0.132 
  



 

Figure 6: Mean Qixian Responses given by Monolingual and Multilingual individuals, as well as 

standard error bars. 

In a t-test conducted to compare the results of monolinguals answers versus multilinguals, it was 

found that monolinguals had very significant results (t= 3.204, p=0.006) while multilinguals 

were noticeably not significant (t= 0.752, p=0.464), as shown in Figure 7. 

 Paired Differences t df Significance 

(2 tailed) 
Mean Std. 

Deviation 

Std. 

Error 

Mean 

95% Confidence 

Interval 

Lower Upper 

Monolingual 0.40563 0.50632 0.12658 0.13583 0.67542 3.204 15 0.006 

Multilingual 0.11111 0.47579  0.11214 -

0.12549 

0.34772 0.991 17 0.336 

Figure 7: Monolingual versus Multilingual t-test. 

 These results show that monolinguals appear to be learning the Type II generalization 

rule, while multilinguals appear not to be.  

 



Discussion 

 This research is an extension of previous research done by Gerken, Quam and Goffman 

(in press), which sought to determine infant versus adult ability to process language 

generalization rules based off of the visual categorizations set up by Shepard et al. (1961). 

Research done by Gerken et al. (in press), as well as research done by Moreton et al. (2015), has 

shown that adults struggle to learn Type II generalizations. In contrast, Gerken and Knight 

(2015) and Gerken and Quam (2019) showed that infants learn this generalization very easily. 

With the results of these previous studies, we can see why adults struggle to sufficiently learn the 

nuances of a foreign language and speak it fluently, while infants thrive in this domain. It has 

also been found that adults listen to language input, even when it has no meaning to them, as 

though it is a set of known words. For example, adults primed with segments of a word (a 

pseudoword) will be biased towards completing the pseudoword to form a real word they know 

(Spinelli, Segui, and Radeau; 2001). This shows that adults heavily rely on their already formed 

lexicons when presented with something foreign and unfamiliar. This complicates their ability to 

learn foreign languages, as they already have an expectation of what language “should” sound 

like to them. The goal of this current research was to explore whether changing the accent of the 

teacher would affect an adult’s ability to learn Type II disjunction rules in a foreign language.  

 Based on the results of this research, we can see that monolingual adults appear to be 

learning some of the Type II disjunction rule (consciously or not), while multilinguals do not 



appear to be learning the rule. This supports the original hypothesis that a foreign accented 

familiarization trial would allow adults to somewhat bypass their mental lexicons and revert to 

an infant-like state of language learning. The Urdu accent presented in the familiarization and 

test words may have provided an environment for which adults were able to temporarily “forget” 

their perceptions of what a language “should” sound like, allowing them to begin learning a 

foreign (albeit, nonsensical) language as if they were trying to learn it in their infancy.  

It was not expected, however, that monolinguals would outperform multilinguals in novel 

language learning. In fact, it was expected that multilinguals would perform better than the 

monolinguals. Previous research has shown that multilinguals tend to perform better when 

learning phonologically unfamiliar words (Hirosh and Degani, 2018; Kaushanskaya, 2012). 

Monolingual individuals in this study appeared to have been learning the disjunction rule easier 

than multilinguals did. It seems that monolinguals were listening to the test words as sounds 

rather than as full words, which is precisely what an 11-month old learning a new language 

would be doing. Multilinguals, however, did not appear to be doing this and struggled more with 

differentiating Qixian from Spies, hence not seeming to learn the disjunction rule. Further testing 

could be done to explore why this is so.  

One theory is that, perhaps because many of the multilingual individuals are used to 

hearing multiple different types of sounds in multiple languages, the Urdu accent had little effect 

on their attempt to access their multiple lexicons and therefore did not allow them the ability to 



differentiate a consistent versus inconsistent Type II disjunction word. Monolinguals, however, 

are not as exposed to different sound systems, so their ability to recognize but inability to repeat 

a foreign sound actually served as an advantage to them. Many of the multilingual individuals 

spoke Spanish fluently in addition to English. These individuals noted that the familiarization 

words given to them sounded Spanish in many ways. They expressed that they used this to their 

perceived advantage in the testing phase. This would mean that they had formed a lexical bias 

for Spanish and perhaps projected this onto the testing stimuli. This bias may have caused them 

to not perform as well as the monolinguals, who did not have a Spanish lexical bias.   

It is worth noting that the above theory does not address whether the Urdu accent itself 

was the cause for multilinguals to perceive the words as Spanish sounding, or if it was the actual 

familiarization and test words themselves that sounded inherently Spanish. Additional testing 

could be done to determine if different types of accents would affect this outcome, or if changing 

the stimuli words themselves would cause this effect.  

 

 

 

 

 



References 

Cleland, & Pickering. (2003). The use of lexical and syntactic information in language 

production: Evidence from the priming of noun-phrase structure. Journal of Memory and 

Language, 49(2), 214-230. 

Gerken, L., & Knight, S. (2015). Infants generalize from just (the right) four words. Cognition, 

143, 187-192. doi:10.1016/j.cognition.2015.04.018 

Gerken, LouAnn, & Quam, Carolyn. (2017). Infant Learning Is Influenced by Local Spurious 

Generalizations. Developmental Science, 20(3), [np]-[np]. 

Gerken, L., Quam, C., & Goffman, L. (in press). Adults Fail to Learn a Type of Linguistic Rule 

that is Readily Learned by Infants. Language Learning and Development.  

Goldinger, S., Luce, P., Pisoni, D., Marcario, J., & Rayner, Keith. (1992). Form-Based Priming 

in Spoken Word Recognition: The Roles of Competition and Bias. Journal of 

Experimental Psychology: Learning, Memory, and Cognition, 18(6), 1211-1238. 

Retrieved from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514873/ 

Hirosh, Z., & Degani, T. (2018). Direct and indirect effects of multilingualism on novel language 

learning: An integrative review. Psychonomic Bulletin & Review, 25(3), 892-916. 

Huang, Becky H. (2014). The Effects of Age on Second Language Grammar and Speech 

Production. Journal of Psycholinguistic Research, 43(4), 397-420. 

Johnson, J., & Newport, E. (1989). Critical Period Effects in Second Language Learning: The 

Influence of Maturational State on the Acquisition of English as a Second Language. 

Cognitive Psychology, 12(1), 60-99. 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3514873/


Kaushanskaya, Margarita. (2012). Cognitive Mechanisms of Word Learning in Bilingual and 

Monolingual Adults: The Role of Phonological Memory. Bilingualism: Language and 

Cognition, 15(3), 470-489. 

Levelt, W., Roelofs, A., & Meyer, A. (1999). A theory of lexical access in speech production. 

Behavioral and Brain Sciences, 22(1), 1-38. 

Mani, Nivedita, & Plunkett, Kim. (2011). Phonological Priming and Cohort Effects in Toddlers. 

Cognition, 121(2), 196-206. 

Moreton, E., Pater, J., & Pertsova, K. (2017). Phonological concept learning. Cognitive Science, 

41(1), 4-69. doi:10.1111/cogs.12319 

Shepard, R. N., Hovland, C. I., & Jenkins, H. M. (1961). Learning and Memorization of 

Classifications. Psychological Monographs, 75(13), 1-42. doi:10.1037/h0093825 

Spinelli, E., Segui, J., & Radeau, M. (2001). Phonological priming in spoken word recognition 

with bisyllabic targets. Language and Cognitive Processes, 16(4), 367-392. 

 

 

 

 

 


