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Abstract 

 Research has shown that being exposed to a High variability of words in a new language, 

over less words more often (High repetition), leads to increased detection of that language’s rules 

and that words with multiple category markings are learned better. It has not been observed how 

sleep would affect this type of learning, even though it has been seen as important in other parts 

of language learning. The current study looks at how all of these factors interact. The findings 

showed effects of Marking and differences between groups but sleep was not seen as a 

significant variable. A follow up study, currently being run, is described.  



 An important issue in language learning is what variation on language input is necessary 

in order to facilitate the most learning and best understanding of a language. Much research has 

looked into the specifications necessary in a stimulus set in order to make a language more 

learnable to the listener. Increased variability of word input has been seen as beneficial among 

linguistic skills as opposed to similar words (Perry, Samuelson, Malloy & Schiffer, 2010) or 

repetition of fewer words (Eidsvåg, Austad, Plante & Asbjørnsen, 2015). Input variability of this 

sort has also been seen to improve generalization of a grammar and leads to better detection of 

grammatical rules (Gómez, 2002). When infants are exposed to a foreign language, multiple 

structural cues led to improved generalization leading to better distinguishing between 

grammatical and ungrammatical words (Gerken, Wilson & Lewis, 2005). These findings support 

the idea that more information helps guide a learner through the workings of a language and 

helps them learn and understand that language better. 

 It has also been seen that napping immediately after language exposure allows infants to 

understand that language in a more complex manner, unlike their no-nap counterparts (Gómez, 

Bootzin & Nadel, 2006). This could be the result of abstraction being facilitated by sleep, which 

allows the rules of the language to emerge instead of just having certain words memorized. This 

abstraction could lead to a better understanding of word forms in a language and which forms are 

used more commonly and in what pattern. Studies with adults support this idea, as they show 

sleep helps sustain and enhance learning (Stickgold & Walker, 2005) leading to a facilitation of 

memory recovery and retention which leads to a boost in generalization (Fenn, Nusbaum, & 

Margoliash, 2003). This increased generalization (which is similar to abstraction) may be 

because consolidation of memories is seen to take place during sleep (Walker et. al. 2002) which 

has been seen as necessary for generalization to take place (Tamminen, et. al, 2012) as it helps 



the learner to put all the information together and understand it better by comparing individual 

items to each other. By doing so they can observe patterns and similarities between items (such 

as words) to better understand what is occurring.  

 Despite this existing research of how input variability and sleep affect language learning, 

there have not been studies that have examined how these two factors interact with one another. 

Though studies have seen how language learning can be affected by word variability over time, 

sleep has not been taken in as a factor in studies like these (Perry, Samuelson, Malloy & Schiffer, 

2010). Though sleep shows improved generalization in language learning, it is not clear how far 

this generalization goes in real, versus artificial, languages (Gómez, 2006). The purpose of this 

study is to look at how these different factors interact and their overall effect on language 

learning. 

 This study used the same stimuli used by Eidsvåg, Austad, Plante & Asbjørnsen  (2015) 

in order to see how variation and sleep affect an individual's ability to learn and abstract a new 

language. The Eidsvåg study used real words from Russian, which are marked for gender based 

off of endings; certain words are marked by one suffix and others are marked by two suffixes. 

Like in the previous study, we exposed participants either to a high variability condition where a 

variety of words were heard but with a low frequency or a high repetition condition where 

participants heard half as many words twice as often. Unlike the Eidsvåg study, we took sleep 

into account to see if that had an effect; half of the participants were exposed and tested 

immediately in the morning and then retested again 12 hours later (without sleep) while the other 

half was exposed and tested at night and then retested 12 hours later in the morning (with sleep). 

 Based off of existing research, we should see improved language abstraction and test 

performance in the High Variability groups and the Sleep groups. If this hypothesis is correct 



then it would support the idea that increased information allows for better understanding of word 

patterns in a language which helps guide them through the rules of that language (Eidsvåg, 

Austad, Plante & Asbjørnsen, 2015; Gerken, Wilson & Lewis, 2005; Gómez, 2002). If sleep 

supports language learning and abstraction then this would be due to consolidation during sleep 

that leads to generalization and a better understanding of the language as a whole (Gomez et. al, 

2006; Fenn, Nusbaum, & Margoliash, 2003; Tamminen, et. al, 2012). 

Experiment 1 

Method 

Participants 

 Forty-three undergraduate students (7 male, 36 female) from the University of Arizona 

subject pool were recruited to the study. The participants were randomly assigned to four 

different conditions (High Variability-Wake, High Variability-Sleep, High Repetition-Wake, 

High Repetition-Sleep) with 11 in the High Variability-Wake group, 12 in the High Variability-

Sleep group, 9 in the High Repetition-Wake group and 11 in the High Repetition-Sleep group. 

Stimulus Material and Experimental Design 

 The stimuli that the participants heard were real words from Russian. The variability 

groups would hear twice as many root words (32 root words) as those in the repetition groups 

(who heard fewer root forms more often) but all groups had the same amount of exposure to the 

language and heard the same total amount of stimuli in the experiment. 

 The words used were the same used by Eidsvåg and colleagues (2015) and used the same 

paradigm that manipulated the gender markings on the Russian words where the endings of 



words would mark for gender and some words had more than one marking that indicated gender, 

each root word had two variations of marking gender which varies in Russian based off of 

certain case markers. Similar stimuli had been used by Gerken et. al. (2005) but there were more 

root words used in this stimuli in order to make the difference between the repetition and 

variability groups more prominent. We followed the same procedure as Part A of the Eidsvåg et. 

al. (2015) study where participants had a Phase I familiarization that was manipulated for 

repetition or variability and then a Phase II familiarization where participants were exposed to 

the root words that they would be tested on but with a different case marking than was present in 

the test phase. The logic here was to test participants’ ability to generalize to the root-word case 

markings they had been exposed to in Phase I but that had not been present in the Phase II items. 

The test phase followed immediately after Phase II familiarization, this test phase used the root 

words from Phase II paired either with a correct unattested suffix or an incorrect suffix 

(participants would not have heard either combination before) and would have to determine 

which words were correct and which were incorrect. For example, the subjects heard Korenya in 

Phase II familiarization so they would hear korenyem (the grammatical variation) and korenu 

(the ungrammatical variation) in the test phase. In order to perform well on the test, participants 

would have to observe the patterns in Phase I, apply these rules to the stimuli in Phase II in order 

to know the alternate pairing during the test phase. 

 Phase I Familiarization Stimuli 

 The items presented in the first phase were all real, grammatical words in Russian that 

were either masculine or feminine. We used the same audio files used by Eidsvåg et. al. (2015) 

which were spoken by two native speakers of Russian, one male and one female. Studies have 



shown that listening to multiple talkers, as opposed to one talker, of a language helps subjects 

learn words more easily (Richtsmeier, Gerken, Goffman, & Hogan, 2009; Rost & McMurray, 

2009, 2010). The sound files had been edited to have near equal loudness across words and so 

that there was a decent gap between the words. A full list of the stimuli used can be seen in 

Appendix Table A1. 

 High Variability Stimuli: The High Variability stimuli consisted of 32 different root 

words that each had two possible gender markings applied to them, this means that there were 64 

total unique words used in the familiarization. There were different combinations of gender 

markings depending on whether words were single or double marked. There were two feminine 

case markings (-oj and -u) for single-marked feminine words, two masculine case markings (-ya 

and -yem) for single-marked masculine words, a diminutive feminine ending plus the double case 

markings for double-marked feminine words (-k+-oj or -k+-u), and a derivational inflection 

ending plus the double case markings for double marked masculine words (-tel+-ya or -tel+-

yem). As can be seen, both suffixes used in the double marked words are marked for gender. 

Each root was either masculine or feminine and either single or double marked but any root that 

could be combined with one suffix could also be combined with the other one of those pairs (i.e. 

both Konya and Konyem are single marked masculine grammatical words heard in the 

familiarization). Each word was heard 5 times each for a total of 320 stimuli presented 

 High Repetition Stimuli: The stimuli for this condition were a subset of the words used 

in the High Variability stimuli, with only half the number of root words (16) used with the two 

variations (32 total words). Each item was heard 10 times so that the same number of stimuli 

were heard in both conditions. 



 Phase II Familiarization Stimuli 

 In phase II familiarization, the stimuli listed in Appendix Table A2 were used for both 

conditions, these were 12 grammatically correct words that were not heard in Phase I 

familiarization. The stimuli followed the same case and gender marking as those in Phase I but 

only one of the two grammatical forms was heard. This allowed us to test participants’ ability to 

generalize to unattested words at test. For instance, if the single-marked word Kartofelyem was 

heard during Phase II familiarization participants were later tested on Kartofelya. The words 

were equally divided between masculine/feminine roots and single/double marked stimuli and 

were recorded by the same native speakers that were heard in Phase I.  

 Test Phase Stimuli 

 The stimuli used in the test phase consisted of 24 different items (Appendix Table A3 and 

Table A4). The items heard in this phase used the same root words as those heard in Phase II but 

had different suffix combinations that had not been heard before. Half of these items were 

grammatically correct while the other half were ungrammatical and led to an incorrect use of the 

case marking. The items were equally split between masculine and feminine roots along with 

single and double markings. The stimuli were recorded by one female native Russian speaker 

who had not been heard in Phase I or Phase II and was only heard for the test phase. 

Procedures 

 The experiment took place in a lab at the University of Arizona in Tucson, Arizona. 

Participants were tested individually. Those in the sleep groups would arrive at night from 8pm 

to 9:30 pm while those in the wake groups would arrive in the morning from 8am to 9:30am. 

After being consented, the participants would complete the experimental tasks. They were tested 



in a room where they sat in front of a computer screen and listened to stimuli over headphones. 

They were instructed that their experiment would consist of them listening to Russian words and 

that a test phase would follow. They were then asked if they had any questions, the experimenter 

then left the room though remained in the next room in case they had questions or problems. The 

experiment consisted of two familiarization phases (Phase I and Phase II) followed by an 

immediate test, there was then a test after a delay of 12 hours. The participants were asked not to 

think about, talk about or practice any of the words they heard during the experiment. The 

participants received two credits towards the required experiments credits necessary to meet the 

requirements of the Introduction to Psychology course.  

 Phase I Familiarization 

 For all conditions, Phase I familiarization consisted of the same number of items 

presented in a pseudo-randomized order such that no more than two of the same root words 

appeared consecutively in the experiment. The words were organized into blocks that consisted 

of eight words in each block with a 300-580 milliseconds interstimulus interval. For each 

condition, the blocks consisted of eight root words with the two different suffix pairings 

appropriate for that root word (see Appendix A1). This was the same way the stimuli were 

arranged in the original Eidsvåg et. al. (2015) study with the intention that every block would 

demonstrate that root words can only be paired with two possible combinations and there exists a 

pattern between these suffixes and how they can be interchanged.  

 In the High Repetition conditions, the words were grouped into four consecutive blocks. 

This meant that every unique combination of roots and suffixes appeared once in every four 

consecutive blocks. In the High Variability conditions, the words were grouped into eight 

consecutive blocks. Each group heard 320 total stimuli with the four blocks in the High 



Repetition group played through 10 times and the eight blocks in the High Variability groups 

played through 5 times. These were more items than in the initial study in order to provide more 

initial exposure to the language which would then lead to more learning than observed in the 

original study. 

 Phase II Familiarization 

 In Phase II familiarization, the participants heard 12 words that were derived from 12 

root words not heard in Phase I (see Appendix A2). Each root was paired with only one possible 

suffix ending. The stimuli were organized in a pseudo-randomized order such that the same root 

word did not appear consecutively in the experiment and was heard twice in two blocks of 12 for 

a total of 24 items. 

 Test Phase 

 During the test phase, the participants were presented with 24 new words that were 

derived from the 12 roots used in Phase II familiarization (see Appendix A3). They were asked 

to judge the grammaticality of each word; they would click on the "I" key if the word was an 

incorrect Russian word and the "C" key if the word was correct. A response was necessary in 

order to progress to the next item. 

Results 

A 2x2x2x2 mixed ANOVA was conducted with Group (High Repetition vs High 

Variability) and Delay type (Sleep vs Wake) as between-group factors and test type (first vs 

second) and Noun Marking (single vs double) as within-group factors. Mean accuracy is shown 

in Table 1. 



Table 1: Mean number correct out of 12 for all groups, split into single and double marked 

words. Standard deviations are in parentheses 

  Wake Sleep 

  Test 1 Test 2 Test 1 Test 2 

High Repetition     

Single Marking 6.33(2.26) 5.44(1.62) 6.45(1.37) 6.00(0.95) 

Double Marking 8.22 (1.40) 7.11(1.29) 6.91(1.68) 6.45(2.19) 

High Variability     

Single Marking 6.00(2.04) 6.27(1.42) 6.08(1.19) 6.58 (1.44) 

Double Marking 7.64(1.49) 7.27(1.54) 7.58(1.32) 7.17(1.72) 

 

There was a significant effect of marking, where words that were double marked where 

accepted or rejected more accurately than words that were single marked, F(1,39)=21.881, 

p=.000. However, there was also a marginally significant Marking X Delay type X Group 

interaction involving our key Delay variable, F(1,39)=3.630, p=.064. We broke up our analysis 

into two 2x2x2 mixed ANOVAs separated by group condition (High Repetition vs High 

Variability) to understand this interaction.  

There was a main effect of marking in the High Variability group, F(1,21)=10.765, 

p=.004 but had no other factors were significant. 



There was also a main effect of marking in the High Repetition group, F(1,18)=11.490, 

p=.003, and a main effect of test. Subjects performed significantly worse on the second test, 

F(1,18)=5.228, p=.035. The main effect of marking was superseded by a Marking by Delay type 

interaction, with the double marked words in the wake group mainly driving this interaction and 

the single marked words in the wake group showing the lowest scores on average F(1,18)=4.932, 

p=.039. In order to see if there were a significant difference between the second tests of the two 

conditions, we performed a t-test and found that the difference approached significance F(1,41)= 

3.029 p=.089. 

Discussion 

 Our hypothesis was not fully supported by the results of the experiments. Marking was 

shown to be significant and followed the theme of previous studies that show that double 

marking helps a learner generalize to unattested words more easily (Gerken, Wilson & Lewis, 

2005, Eidsvåg et. al. 2015). The effect of marking showed that those in the High repetition 

groups performed worse on the second test while the High variability groups maintained the 

same performance. Though this supports the idea that Variability is key in language rule 

learning, it does not fully match up with the Eidsvåg et. al. (2015) study which found that 

variability led to an overall improvement in language abstraction on immediate test. 

 The fact that sleep did not seem to play a role in the participants' ability to abstract in this 

language is also surprising. Sleep has been shown in the past to promote generalization in 

language learning (Stickgold & Walker, 2005; Fenn, Nusbaum, & Margoliash, 2003), which 

should lead to abstraction. One possibility is that since participants are not told whether their 

responses are correct, they do not consolidate the proper information and cannot identify the 

pattern taking place. Recent research has shown that reinforcement can lead to better learning 



when combined with sleep (Werchan & Gómez, 2013). We decided to perform another study 

that would include reinforcement and feedback that could help lead to better encoding and 

subsequently better abstraction. 

Experiment 2 

Method 

Participants 

 We are looking to have 40 to 60 participants for this experiment with 10 to 15 in each 

condition. We plan to test equal numbers of number of male and female participants but since we 

will be using the University of Arizona subject pool it will be difficult to control for this. 

Stimulus Material and Experimental Design 

 This experiment will use the same stimuli that were used in the first, maintaining the 

difference between the High Variability and High Repetition groups. The main difference will be 

that in the test phase participants will be told whether their responses are correct or incorrect. If 

the response is correct (they reject an ungrammatical word or accept a grammatical word) they 

will see a screen displaying "Right :)" for 500 milliseconds and then resume with the test. If the 

response is incorrect (they accept an ungrammatical word or reject a grammatical word) then 

they will see a screen displaying "Wrong :(" for 500 milliseconds before returning to the test. We 

chose to use the words "right/wrong" over "correct/incorrect" in order to avoid confusion over 

whether the screen is simply saying what response they entered. 

Procedure 



 The procedures for this experiment will be the same as the procedures for Experiment 1 

with the participants arriving either between 8 and 9:30 at night or between 8 and 9:30 in the 

morning and then again 12 hours later in order to keep sleep groups and wake groups. 

Statistical Analysis 

 The new data will be analyzed the same way as the data in Experiment one in order to see 

if there is a significant difference between High variability and High repetition groups along with 

Sleep and Wake groups. We will also compare the new data with the data from Experiment 1 in 

order to see if there was an effect based off of the feedback the participants received. We have 

not finished data collection but the interim means and standard deviations are shown in Table 2. 

Table 2: Mean of subject scores (out of 12) based off of data collected so far. Standard 

Deviations are reported in parenthesis. 

  Wake Sleep 

  Test 1 Test 2 Test 1 Test 2 

High Repetition     

Single Marking 7.50(0.50) 6.00(2.00) 6.00(0.63) 5.40(1.36) 

Double Marking 7.00(1.00) 7.50(0.50) 6.80(1.72) 6.00(1.41) 

High Variability     

Single Marking 5.67(1.70) 6.33(0.47) 6.25(0.43) 7.75(1.09) 

Double Marking 7.67(1.25) 6.00(1.41) 8.25(1.48) 7.25(2.49) 

Discussion 



 The language learning process is an important but complicated part of development. 

Infants and young children are very efficient at word learning (Bloom& Markson, 1998) and 

understanding the rules of a language (Soderstrom, White, Conwell & Morgan, 2007). However, 

being able to acquire a new language is particularly challenging after childhood (Stomswold, 

1995). This makes it important to study what makes language learning in adults easier in order to 

produce better second language learners and also better understand the language learning/ 

acquisition process as a whole. 

 The purpose of this study was to understand language learning and abstraction better and 

to see how different factors affect this process. Despite some of our initial results, studies have 

shown that sleep helps facilitate language learning (Gómez et. al.2006; Fenn et. al. 2003). 

Additionally, studies show that large variability in the words being heard during language 

exposure facilitates better understanding of the rules in that language (Eidsvåg et. al. 2015; 

Gerken et. al.; Gómez, 2002). It is possible that our participants did not exhibit learning of the 

relevant language rules as was seen in Eidsvåg et. al. 2015 because they were not exposed to the 

language as extensively. In the original study by Eidsvåg and colleagues, the participants were 

exposed to the language again after the first test, though these exposure programs were half as 

long as the original. This additional exposure may explain some of the differences we see. At the 

same time, Eidsvåg et. al. (2015) did take a look at the results after the first test and did find a 

significant difference between the High repetition and High variability groups, which our study 

did not show. However, the fact that the High repetition group performed worse on the second 

test in our study may be an indicator of how different exposure can affect the learning process. It 

may also be possible that we need more participants in order to truly see an overall effect. 



 Considering that there were many more female participants in our study, it is possible 

that there might be gender effects at play. However, Eidsvåg et. al. (2015) looked to see if there 

were any gender differences in their experiment and only found that female participants 

responded quicker in later parts of the test with no difference in accuracy. Thus, it does not seem 

likely that gender led to the lack of difference although a more representative population would 

be beneficial. 

 Another possible problem is that since our participants were not told on their test whether 

their responses are correct or not, they were not consolidating the right information and were not 

learning what they should be learning. Studies have shown that feedback leads to increased 

learning (Weiner & Walker, 1966, Nielson and Bryant, 2005) and generalization, with sleep 

playing a role in generalization (Werchan &Gómez, 2013). By adding a feedback element to the 

learning phases, we will be able to see if this phenomenon has an effect on the participants' 

ability to generalize in Russian. In this new experiment, the sleep groups should show improved 

generalization over their wake counterparts, based off of Werchan and Gómez’ existing data.  

 It is unclear if feedback will create a difference between the High variability and High 

repetition groups and may very well improve the performance of both groups equally. However, 

we would expect performance on Test 1 to pattern after Eidsvåg et. al. (2015) who found that 

High Variability participants learned more quickly than those in the High repetition group. How 

sleep vs. wake delays will affect subsequent performance in Experiment 2 is still an open 

question.  
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Appendix 

Table A1: Phase I familiarization stimuli for High Repetition and High Variability groups. 

  Masculine Words Feminine Words 

Single Marked, 

Female Voice 

High Repetition Kon     -ya/-yem 

Olen    -ya/-yem 

Tysjacha       -oj/-u 

Gazeta          -oj/-u 

 High Variability Kon     -ya/-yem 

Olen    -ya/-yem 

Den     -ya/-yem 

Korabl -ya/-yem 

Tysjacha       -oj/-u 

Gazeta          -oj/-u 

Korzh           -oj/-u 

Komnat        -oj/-u 

Single Marked, 

Male Voice 

High Repetition Aprel   -ya/-yem 

Fonar   -ya/-yem 

Vistot           -oj/-u 

Luzhits         -oj/-u 

 High Variability Aprel   -ya/-yem 

Fonar   -ya/-yem 

Bezdar -ya/-yem 

Ijul       -ya/-yem 

Vistot           -oj/-u 

Luzhits         -oj/-u 

Vysot            -oj/-u 

Ulits              -oj/-u 

Double Marked, 

Female Voice 

High Repetition Vodi   -telya/-telyem 

Dviga -telya/-telyem 

Blondin         -koj/-ku 

Rubash          -koj/-ku 

 High Variability Vodi   -telya/-telyem Blondin         -koj/-ku 



Dviga -telya/-telyem 

Muchi -telya/-telyem 

Osnova -telya/-telyem 

Rubash          -koj/-ku 

Telnjash        -koj/-ku 

Skovord        -koj/-ku 

Double Marked, 

Male Voice 

High Repetition Dushi   -telya/-telyem 

Potrebi  -telya/-

telyem 

Karmel          -koj/-ku 

Petrush          -koj/-ku 

 High Variability Dushi   -telya/-telyem 

Potrebi  -telya/-

telyem 

Pokori   -telya/-

telyem 

Blagode -telya/-

telyem 

Karmel          -koj/-ku 

Petrush          -koj/-ku 

Oblav            -koj/-ku 

Makus           -koj/-ku 

 

Table A2: Stimulus set for Phase II familiarization. Same set was used for all conditions and all 

words were spoken by the same speaker. 

 Masculine Words Feminine Words 

Single Marked Kartofel     -yem 

Koren        -ya 

Chistota               -oj 

Voron                  -u 



Uroven      -yem Zabav                  -oj 

Double Marked Osvezhi     -telya 

Pokupa      -telya 

Ljubi         -telyem 

Brjunet                -ku 

Devush                -koj 

Maka                   -koj 

Table A3: Grammatically correct stimuli for the test phase for all groups 

 Masculine Feminine 

Single Marked Kartofel     -ya 

Koren        -yem 

Uroven      -ya 

Chistot                -u 

Voron                 -oj 

Zabav                 -u 

Double Marked Osvezhi     -telyem 

Pokupa      -telyem 

Ljubi         -telya 

Brjunet               -koj 

Devush               -ku 

Maka                  -ku  

Table A4: Ungrammatical stimuli for the test phase for all group 

 Masculine Feminine 

Single Marked Kartofel      -oj 

Koren         -u 

Urovn         -oj 

Chistot           -yem 

Voron            -ya 

Zabav            -yem 

Double Marked Osvezhi      -telu Brjunet          -kya 



Pokupa       -telu 

Ljubi          -teloj 

Devuch          -kyem 

Maka              -kyem 

 


