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Figure	3.2.	Model-Estimated	Values	for	300-500ms	ERP	effects	on	nouns.	
*p<.05; ** p<.001 

 
3.2.1.2 Determiners 

The best model for describing the ERP data from determiners in the 300 - 500 

ms time window was also found to be a three-way interaction between violation type, 

session and ROI. A summary of the main effects and interactions of this model can be 

found in Table 3.2. Planned comparisons between violation and control amplitudes at 
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each ROI and for each group describe these interactions. The model-estimated effect 

sizes of the match - mismatch difference are shown in Figure 3.3. Semantic violations 

elicited an increase in negativity in response to determiners in the left anterior ROI (t = -

4.16, p = .0032), and double violations at the determiner level elicited increased 

negativity post-training in the left anterior (t =  -4.86, p <= .001), left middle ( t = -4.71 , 

p <= .001), and mid anterior ROIs (t = -4.48, p = .0011). 

 

Table 3.2. Summary of linear mixed effects model for determiners at 300-500ms. 
  df F p-value 

Sentence Type 3 3.34 .018 

Session 1 0.45 .501 

ROI 8 0.66 .730 

Sentence Type x Session 3 0.48 .696 

Sentence Type x ROI 24 0.67 .883 

Session x ROI 8 2.60 .008 

Sentence Type x Session x ROI 24 1.23 .201 
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Figure	3.3.	Model-Estimated	Values	for	300-500ms	ERP	effects	on	determiners.	

*p<.05; ** p<.001 

 
3.2.2: 700 - 900 ms 

3.2.2.1 Nouns 

The best model for describing the nouns was found to be a three-way interaction 

between sentence-type, session, and ROI. A summary of the main effects and 

interactions of this model can be found in Table 3.3. Planned comparisons between 
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match and mismatch amplitudes at each ROI and for each group describe these 

interactions. The model-estimated effect sizes of the match - mismatch difference are 

shown in Figure 3.4. As can be seen, a significant difference in negativity was seen pre- 

and post training in the double violation condition for nouns in the mid-central (t = -

3.71, p = .022), and mid-posterior (t = -3.97 , p = .0159 ) ROIs, and in the semantic 

violation condition in the mid-posterior ROI (t = -3.54,  p = .027 ), with post-training 

waveforms showing increased negativity in both cases.  Statistically significant 

differences in waveforms were also seen pre- and post- training in the double violation 

condition in the mid central (t = -5.61, p <= .001) and mid-posterior (t = -5.69 , p <= 

.001), with increased negativity seen in the pre-training condition in these cases.  

Table 3.3. Summary of linear mixed effects model for nouns at 700-900ms. 

  df F p-value 

Sentence Type 3 12.13 <.001 

Session 1 2.47 .116 

ROI 8 3.39 <.001 

Sentence Type x Session 3 22.99 <.001 

Sentence Type x ROI 24 1.44 .076 

Session x ROI 8 0.53 .835 

Sentence Type x Session x ROI 24 1.99 .003 
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Figure	3.4.	Model-Estimated	Values	for	700-900ms	ERP	effects	on	nouns.	
*p<.05; ** p<.001 
 

3.2.2.2 Determiners  

Two models met the criterion for “best model” (lowest AIC value) for the data 

from determiners in the 700-900 ms time window: the full 3-way interaction model, and 

the model containing only all 2-way interactions. Because we defined the optimal model 

as the one having the lowest AIC value and the least number of terms, we took the 
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model without the 3-way interaction as the best one for this data set. A summary of the 

main effects and interactions of this model can be found in Table 3.5. Planned 

comparisons between violation and control amplitudes at each ROI and for each group 

describe these interactions. No significant effect were found. The model-estimated effect 

sizes of the match - mismatch difference are shown in Figure 3.4.  

 
Table 3.4. Summary of linear mixed effects model for nouns at 700 - 900 ms. 
  df F p-value 

Sentence Type 3 1.69 .17 

Session 1 2.46 .12 

ROI 8 1.62 .11 

Sentence Type x Session 3 9.57 <.001 

Sentence Type x ROI 24 1.56 .04 

Session x ROI 8 1.41 .19 
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Figure	3.5.	Model-Estimated	Values	for	700-900ms	ERP	effects	on	determiners.	
*p<.05; ** p<.0013 
 

Visual inspection of the waveforms pre- and post-training in response to 

determiners show small but apparent differences for semantic violations, with negativity 

being slightly higher pre-training. Even smaller differences in waveforms are seen for 

the gender violation and double violation conditions, with negativity being slightly 

increased post-training (Figure 3.6). Visual inspection of the waveforms pre- and post-
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training in response to nouns shows small differences. Greater negativity is seen pre-

training for the gender and semantic violations, while negativity seems to be increased 

post-training for the double-violation condition (Figure 3.7). The inspection of overall 

difference in waveforms pre- and post-training shows that there is very little in the way 

of compelling ERP effects (Figure 3.8).  

Visual inspection of the topographical plots for determiners in the 300 - 500 ms 

time window shows small but evident changes in activity pre- and post-training in the 

double violation condition, but not for other conditions (Figure 3.9). No marked 

differences can be seen on topo plots pre- and post- training for nouns in the 300 - 500 

ms time window (Figure 3.10). Visual inspection of topographical plots of determiners 

at the 700 - 900 ms time window show evident differences pre- and post-training in the 

gender and double violation conditions, and very small differences in the semantic 

condition (Figure 3.11). Visual inspection of the nouns in the 700 - 900 ms time window 

shows little evidence of changes pre- and post- training, with the exception of some 

evident change in the semantic violation condition (Figure 3.12).  
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Figure 3.6. Waveform differences across conditions pre- and post-training in response 
to determiners. 

Figure 3.7. Waveform differences across conditions pre- and post-training in response to 
nouns. 

 



 
 

45 

 
Figure 3.8. Overall waveform differences across conditions pre- and post-training. 
 
 

  Figure 3.9. 
Topographical plots of average ERP scalp distribution at 400 ms for determiners. 
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Figure 3.10. Topographical plots of average ERP scalp distribution at 400 ms for nouns. 
 

 
Figure 3.11. Topographical plots of average ERP scalp distribution at 800 ms for 
determiners. 
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Figure 3.12. Topographical plots of average ERP scalp distribution at 800 ms for nouns. 
 
3.3 GAT Analyses 

A two-way repeated measures ANOVA was performed to assess the differences 

between pre-and post training GAT ratings on congruent and incongruent object-human 

pairs between the explicit and implicit training groups. The three-way interaction model 

was not statistically significant, indicating no significant interaction between time, 

training group, and congruency. However, a significant main effect of time was found, 

F(1) = 10.14, p= .007, indicating a statistically significant difference between all GAT 

scores post-training (M = 2.55) and pre-training (M = 2.12). A summary of the main 

effects and interactions of this model can be found in Table 3.5. 
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Table 3.5. Summary of ANOVA model for GAT pre- and post- training.  
  df F p-value 

Congruency 1 3.002 .109 

Time 1 10.139 .008 

Congruency x Training Group 1 .079 .784 

Time x Training Group 1 .383 .548 

Congruency x Time 1 1.404 .259 

Congruency x Time x Training Group 1 .339 .571 
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CHAPTER 4: DISCUSSION 
4.1 Research Questions 

Grammatical gender is a challenging feature to learn in a second language, 

especially if it is not present in one’s first language. Some research has indicated that 

learning language features not present in one’s own language requires a level of explicit 

instruction, while other research suggests that implicit instruction is best for this type of 

instruction. Moreover, past research investigating the acquisition of grammatical gender 

in adults L2 learners is incomplete, and does not include a substantial amount of data 

concerning ERPs, which can be used as a good indicator of how aspects of language are 

learned. The aim of this study was to address three research questions:  

1. Can grammatical gender in a second language be taught to individuals whose 

first language does not contain the feature?  

2. What ERP effects would be seen in this early learning stage? 

3. Would the method of training (implicit vs. explicit) make a difference in 

English native speakers’ ability to learn grammatical gender.  

It was expected that, after a two-day training paradigm including a two-alternative 

forced choice learning task divided between implicit and explicit training groups, 

participants would learn nouns and their genders in such a way that produces ERP 

effects in response to specific mismatch conditions, and that these responses would 

differ between training groups. Specifically, it was hypothesised that P600s would be 

elicited  in response to nouns in the semantic violation and double violation conditions 

post-training, indicating noun learning, and that P600 effects would also be elicited for 

participants in the explicit training category in response to determiners, but not for 

implicit learners, indicating that the explicit training was more beneficial in teaching 



 
 

50 

grammatical gender than the implicit training. N400 effects were expected to be elicited 

in response to all violations post-training for the explicit group, and for semantic and 

double violations in the implicit category, indicating early learning of gender and nouns 

in the explicit category, and early learning of nouns in the implicit category. It was 

further hypothesized that likeness ratings on the gender association task would increase 

only for the explicit category post-training, and only for congruently gendered object-

human pairs, and not for object-human pairs that were incongruently gendered.  

4.1.1 Question 1 

Scores on the naming task were very low (~2.5% correct on average). These low 

scores are consistent with prior research. Past research in the field of memory and 

learning indicate that a task that relies on recall, such as a naming test, is a much more 

difficult one than one that relies on recognition, such as the match/mismatch test, or 

even the learning paradigm that was used in this study (Loftus, 1971). Moreover, 

achievement on recognition tasks tend to be indicative of early learning (Schmidtke, 

2014), whereas achievement on recall tasks tend to be indicative of more advanced 

learning (Peters, Hulstijn, Sercu, & Lutjeharms, 2009). Given the brevity of the training 

paradigm, a low recall score is not unexpected and is indicative of low proficiency, but 

cannot be taken as a complete lack of learning.  

 Accuracy ratings in the match/mismatch task—a measure of recognition—did 

show evidence of learning: post-training accuracy was significantly better than chance 

for both semantic and double violations in the implicit group, and double violations in 

the explicit group Moreover, accuracy improved significantly from pre- to post-training 

on match trials in both groups, and additionally for semantic violations in the implicit 
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group.  The significant improvements for match trials must be tempered by the fact that 

post-training the accuracy scores were not significantly better than chance. However, 

accuracy was numerically well above chance for both groups (65% and 68% for explicit 

and implicit groups, respectively), and the p-values approached significance (.066 and 

.086 for explicit and implicit groups, respectively), consistent with some degree of 

learning of novel word meanings. It is also notable that accuracy was generally higher 

post-training in the implicit than in the explicit group, and significantly above chance for 

both semantic and double violations, whereas explicitly-trained subjects showed better-

than-chance performance only for double violations. This suggests that the implicit 

training may have been more successful at early noun training than the explicit group. 

 In the gender mismatch condition, where the determiner was incorrect but the 

noun was correct, there was a statistically significant decrease in accuracy across both 

training groups, with performance going from chance levels to below-chance levels. In 

other words, post-training, participants were significantly more likely than chance to 

categorize gender mismatches as “matches.” At first glance this may seem to contrast 

what might be expected after such a learning task. However, this pattern of results 

suggests that in this task participants were focusing on the relationship between the 

picture and the meaning of the noun, rather than on the gender marked by the 

determiner. This might imply two things. First, it is possible that the genders of the 

nouns were not learned, a possibility that seems to be supported by the results of the 

gender association task. Moreover, given that the training task only used correct gender-

word pairings and the feedback that participants received was only with respect to 
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picture-word associations, it is not unreasonable that participants would focus only on 

nouns in the match/mismatch task. 

4.1.2 Question 2 

 To answer the second question, three hypotheses were made.  

 First, it was hypothesized that all semantic violations would elicit N400s in all 

conditions post- training. Semantic violations elicited negativity in the 300 - 500 ms 

time window in the mid-central and mid-posterior ROIs. Double violations also elicited 

negativity post-training  in response to nouns in the mid-central, and mid-posterior 

regions of interest, which is characteristic of an N400, and  suggests early learning 

patterns, in this case, of the nouns in the artificial language.  

 Second, it was hypothesized that gender violations would produce either an 

N400 or a P600 effect, and that the elicited effect would differ between training groups; 

the explicit group was expected to show P600s, and the implicit group to show N400s, 

indicating that the implicit group was relying on rote memorization of gender-noun pairs 

whereas the explicit group was using more advanced processing, implying deeper 

learning. This hypothesis was not tested due to low power, and unbalanced groups. 

However, results showed an increase in negativity in response to determiners in the left-

anterior ROI, and double violations at the determiner level elicited increased negativity 

post-training in the left-anterior, left-central, and mid-anterior ROIs. However, these 

effects are not characteristic of an N400. The N400 has a central-parietal scalp 

distribution, and the distribution elicited here is in the left-anterior region. This is 

consistent with another component identified as left-anterior negativity (LAN). The 

LAN is an effect elicited between 150 ms and 500 ms, and is usually associated with 
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morphosyntactic processing (Steinhauer & Dury, 2012). However, prior research has 

also demonstrated that the LAN can be an indicator of grammatical processing, and is 

often elicited, followed by a P600, in response to grammatical violations (Steinhauer & 

Connolly, 2008). The LAN is usually seen in late L2 learners, and can be representative 

of advanced, native-like proficiency in an L2 (Weber-Fox & Neville, 1996; Steinhauer 

& Connolly, 2008). Given that the LAN is often associated with late learners, its 

elicitation to determiners in the gender and double-violations in this study, which had 

only a two-day training paradigm, is peculiar. In a study investigating ERP effects of 

grammatical violations between early bilinguals, who had learned an L2 before the age 

of 11 years, and later learners, Weber-Fox and Neville found LAN effects present only 

for violations in early learners. In the present study, participants were all older than 18 

years, and by no means were they bilingual.  Moreover, the behavioural data regarding 

gender violations is not consistent with deep learning, and suggests rather that no gender 

learning occurred. Accuracy ratings for gender and double violations did not increase 

significantly post-training, and the GAT scores post-training did not differ between 

congruently gendered and incongruently gendered pairs, suggesting that any increase in 

ratings were not due to gender learning. Therefore, these apparent LAN effects are likely 

not, in fact, representative of the neurological underpinnings consistent with other LAN 

studies, and these effects are likely not due to gender learning.   

 Semantic violations also elicited LAN-like effects for determiners in the left 

anterior region of interest. Because the determiners in this condition were congruent 

with the gender of the image on the screen, this effect was unanticipated. Moreover, a 

similarly counterintuitive result was seen pre-training. For nouns, gender violations pre-
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training elicited LAN in a number of scalp locations. This effect was not hypothesized 

or anticipated, and is somewhat anti-intuitive, given that at this time-point participants 

had not had any instruction in the artificial language, and would have no way of 

knowing that these violations existed. These two effects were not supported by 

behavioural data, and are especially puzzling. These might add evidence to suggest that 

the LAN-like effects are not actually LANs, and are not representative of any kind of 

learning.  

Overall, P600 effects were not seen, and ERP effects were not as widespread in 

the 700 - 900 ms time window as in the 300-500 ms, where some increased negativity, 

including possible N400s and LAN were seen. This is consistent with past research 

indicating that N400s are more indicative of early learning than P600s. Given that the 

training paradigm in this study was less than one hour in total, it is quite unlikely that 

participants had gained a strong grasp on the artificial language at the time of testing. 

However, results do indicate that although genders were likely not learned, the nouns in 

the artificial language were learned to a degree that is consistent with early learning. 

These ERP effects are consistent with the behavioural results of this study. Accuracy 

data show post-training effects for both double violations and, in the implicit category, 

semantic violations, indicating noun learning. Moreover, a lack of ERP effects for 

gender violations is supported by accuracy data that do not any post-training effects for 

the gender mismatch condition.  

4.1.3 Question 3 

 To answer the third question, it was hypothesized that GAT likeness ratings of 

congruently gendered object-human pairs would increase more for the explicit condition 
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compared to the implicit condition, and that the increase seen for the congruent pairs 

would not be seen for the incongruent pairs. These hypotheses were not supported by the 

results of this study, as both groups showed a significant increase in GAT likeness 

ratings post-training compared to pre-training for all object-human pairs. Moreover, the 

only significant predictor of GAT increase was time, indicating that there was not a 

significant difference in GAT increase between congruent and incongruent pairs, and 

that they both had a significant increase post-training compared to pre-training. It must 

be noted that although significant, the increase pre- and post-training was less than one 

half point (.48) on a 7-point likert scale, and even post-training the likeness rating was 

“not alike”.  

The significant increase in post-training for the incongruent pairs could be due to 

a familiarity effect. The participants had already been exposed to the same pairs in the 

pre-test only two days prior to completing the post-test. It is possible that any increase, 

including the increase for the congruent pairs was due to having already seen the same 

objects together in the pre-test, and not due to the training paradigm.  

4.2 Limitations and Future Directions 

At the outset of this study the goal was to assess the difference between implicit 

and explicit training on grammatical gender learning between francophone and 

anglophone adult learners of an artificial language. Past research (e.g. Sabourin et al., 

2016) suggests that those with grammatical gender in their first language might require 

different instruction from those without it when learning a new language containing 

grammatical gender. However, due to a lack of francophones in a predominantly 

anglophone region willing to participate, it was not possible to recruit enough volunteers 
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to achieve that goal. In the future, collaboration with researchers in communities where 

French is a common language would be helpful in recruiting volunteers to address this 

question.  

 Another issue with the execution of this study was with the recruitment of 

participants. The study required three visits to the lab for up to two hours each, on three 

consecutive days. Many potential volunteers were unable to participate due to timing 

issues, and several dropped out after the first or second session because they did not feel 

they had time to come back for the other session(s). Given this difficulty with 

recruitment, the number of participants used in this study is low (n=16), and did not 

allow for between groups comparisons of training groups. Moreover, the ERP effects 

that were seen in this experiment must be interpreted within the context of the low N, 

and with the understanding that they are subject to low power, and should thus be 

considered pilot data. The data may be reflective of trends, but cannot be taken as a solid 

confirmation of any underlying effects to gender processing in adult L2.  

Having the training for the study take place online, rather than in the lab, might 

encourage more people to complete the study, as they would not be required to travel to 

the lab for at least one of the sessions. Moreover, an online version of the training 

paradigm might allow for more training days to be included, possibly resulting in better 

learning of both the nouns and the genders.  

 Additionally, this experiment might be ameliorated if the design was changed 

from a between-groups to a within-groups design. As such, participants would learn the 

first half of the nouns and genders implicitly, and then learn the second half of the nouns 

explicitly. This would allow for a smaller sample size, as higher power requires fewer 
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participants in a within-subjects design than in a between-subjects design. Of course, in 

this design the number of words in each condition would need to be increased, and the 

training would become twice as long, however, an online training paradigm might . A 

combination of  collaboration with a lab in a French-speaking area with online sessions 

and a within-subjects design might increase the number of participants in each linguistic 

group, increase the power, and make it more likely to find differences, if they exist, in 

training methods for individuals of different linguistic backgrounds when learning 

grammatical gender in a second language.  

4.3 Conclusions 

 Overall, it was determined that the two-day training paradigm (two-alternative 

forced choice task) was at least somewhat effective at teaching nouns  to the participants 

in both categories, as N400 results in response to semantic violations were consistent 

with noun learning. The physiological data was supported by accuracy ratings on the 

match/mismatch trials, which showed increases in accuracy ratings for semantic 

mismatches, but not for other mismatch categories. Differences in gender learning 

between training groups were not assessed in this study, but LAN-like effects were seen 

post-training in response to determiner violations. Behavioural data does not indicate 

that these effects are, in fact LANs, given that the accuracy ratings for determiner 

violations did not increase significantly post-training, and the scores on the gender 

assessment task did not increase more for congruently gendered pairs than incongruent 

ones,  indicating no gender learning due to training.  Moreover, the low N in this study 

means that all results should be interpreted within the context of pilot data. 
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 Future directions for this study might include a change in design, a focus on 

francophone participants to determine if transfer effects would result in differences 

compared to the anglophone participants, and a longer, online, training paradigm.   
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Appendix A 
 

 List of Auditory Stimuli in English, French, and the Artificial Language 
 

English French AL  (IPA pronunciation) French 
Gende

r 

AL 
Gende

r 
Bird 
 

Oiseau Aloidia (əloɪdiʌ) M F 

Spoon Cuillère Banafy (bᵊnæfi) F M 
 

Turtle Tortue Boff (bɑf) F M 
 

Tree Arbre Bronea (broniʌ) M M 
 

Skunk Moufette Calan (kᵊlæn) F F 
 

Fish Poisson Chack (tʃæk) M F 
 

Orange Orange Claster (klæstr) F F 
 

Store Magasin Clon (klɑn) M M 
 

Raccoon Raton laveur Cocoji  (kokodʒi) M F 
 

Fork  Fourchette Cug (kʌg) F M 
 

Sled Traineau Dook (duk) M F 
 

Ghost Fantôme Eap (iph) M M 
 

Woman Femme Rup (rʌp) F F 
 

Nun Religieuse Wald (wɑld) F F 
 

Teacher Enseignante Sazu (sæzu) F F 
 

Witch Sorcière Erf (ərf) F F 
 

Fence Clôture Foxclore (fɑksklor) F F 
 

Monkey Singe Grage (grɛɪdʒ) M F 
 

Sheep Mouton Jeddy (dʒɛdi) M F 
 

Book Livre Kall (kɑl) M M 
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House Maison Kaloolon (kʌlulɑn) F M 

 
Squirrel Écureuil Kem (kɛm) M M 

 
Horse Cheval Kevaro (kɛɪvɑro) M F 

 
Garbage can Poubelle Lozo (lozo) F F 

 
Cup Tasse Lum (lʌm) F M 

 
King Roi Apamos (æpəmos) M M 

 
Priest Prêtre Dobb (dob) M M 

 
Fireman Pompier Fout (fʌut) M M 

 
Wizard Magicien Mutron (mutʃrɑn) M M 

 
Truck Camion Nade (nɛɪdv) M F 

 
Ladder Échelle Neb (nɛb) F F 

 
Lemon Citron Nuluzi (nuluzi) M M 

 
Chair Chaise Oaroon (orun) F M 

 
Bear Ours Powl (pʌuwᵊl) M M 

 
Branch Branche Praw (prɑ) F F 

 
Frog Grenouille Roplixoo (roplɪksu) F M 

 
Can Canette Rultat (rultæʔ) F F 

 
Apple Pomme Sab (sæb) F M 

 
Bathtub Bain Sertave (sᵊrtɛɪv) M F 

 
Blackboard Tableau Slace (slɛɪs) M M 

 
Cake Gâteau Soan (son) M M 

 
Church Église Viss (vɪs) F M 

 
Goat Chèvre Vodrine (vodʒrin) F F 
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Road Rue Yolle (yol) F F 
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 Line Drawings 
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!"#$%&'()+)'"#$%&'()*+,-*%$!.-&/%)!0#1!:33';33,)!(56!%00%7*)!#8!8#/8)9!
*p<.05; ** p<.001 
 

3.2.2.2 Determiners  

Two models met the criterion for “best model” (lowest AIC value) for the data 

from determiners in the 700-900 ms time window: the full 3-way interaction model, and 

the model containing only all 2-way interactions. Because we defined the optimal model 

as the one having the lowest AIC value and the least number of terms, we took the 
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'
!"#$%&'(),)'"#$%&'()*+,-*%$!.-&/%)!0#1!:33';33,)!(56!%00%7*)!#8!$%*%1,+8%1)9!
*p<.05; ** p<.0013 
 

Visual inspection of the waveforms pre- and post-training in response to 

determiners show small but apparent differences for semantic violations, with negativity 

being slightly higher pre-training. Even smaller differences in waveforms are seen for 

the gender violation and double violation conditions, with negativity being slightly 

increased post-training (Figure 3.6). Visual inspection of the waveforms pre- and post-
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Figure 3.6. Waveform differences across conditions pre- and post-training in response 
to determiners. 

Figure 3.7. Waveform differences across conditions pre- and post-training in response to 
nouns. 
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Figure 3.8. Overall waveform differences across conditions pre- and post-training. 
 
 

  Figure 3.9. 
Topographical plots of average ERP scalp distribution at 400 ms for determiners. 
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