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Abstract
Working memory (WM) and language analytic ability (LAA) are considered important cognitive fac-
tors in second language (L2) grammar learning, but it is not clear which contributes more particularly 
with different types of grammatical rules. Previous studies have focused on grammatical rules that rely 
on form, but there are no studies investigating WM and LAA’s contribution comparatively to learning 
linguistic rules that require the generalization of semantic information. The aim of this study was to 
determine the contributions of WM and LAA in learning semantic noun classes, grammatical structures 
whose rules rely on the ability to generalize and categorize based on conceptual knowledge. Thirty 
Japanese native-speakers participated in a controlled learning experiment that targeted demonstrative-
noun agreement patterns based on semantic categories. Multiple regression analyses revealed that WM 
significantly contributed to the learning of semantic noun classes, but LAA did not. The results suggest 
that WM is a better predictor than LAA in learning linguistic rules that rely on knowledge outside of 
linguistic form.

1. Introduction

When it comes to learning a second language (L2), most adults differ quite remarkably in their 
success and overall attainment (Abrahamsson & Hyltenstam, 2009). Two factors, among many, 
that account for these individual differences are working memory (WM) and language analytic 
ability (LAA), a subset of language aptitude. WM can be described as a domain-general, limited 
memory capacity involving the maintenance and manipulation of small amounts of information 
that allow for hypothesis testing and reasoning (Baddeley, 2010; 2012; Shipstead, Harrison, & 
Engle, 2016). WM has been correlated with better learning of grammar such as the plural form, 
clitics, and word order structure (Kempe & Brooks, 2008; Kempe, Brooks, & Kharkhurin, 2010; 
Martin & Ellis, 2012; Santamaria & Sunderman, 2015; Tagarelli, Mota, & Rebuschat, 2015). 
On the other hand, LAA is considered the ability to recognize patterns in linguistic data which 
then allows the production of new language chunks from these newly formed rules (Skehan, 
1998; 2002). Like WM, better LAA predicts better grammar learning. Li’s (2015) meta-analysis 
of the results of 25 studies showed that LAA was significantly correlated with L2 grammar learn-
ing, r=.35. LAA is involved in the learning of English passive voice, the Chinese perfective and 
word order structures (Li, 2013; Yalçın & Spada, 2016).

Related but separate constructs, there is need to directly compare and investigate if there are 
grammatical rules where WM contributes more to learning than LAA or vice versa since both 
WM and LAA are associated with rule learning (Yalçın, Cecen, & Ercetin, 2015). One ideal can-
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didate of grammatical rules are ones that require combining both formal linguistic features and 
generalization of non-linguistic information. For example, semantic noun classes, which have 
rules that categorize all nouns based on similar semantic properties i.e. a group for animates, 
liquids, or plants (Aikhenvald, 2000; Foley, 1991). They are ideal because to accurately learn and 
apply these linguistic rules, one must categorize conceptual information based on social knowl-
edge, not just formal linguistic information. WM has positively correlated with better learning 
and verbalization of general non-linguistic category rules, but there is no evidence suggesting 
the same for LAA (Ashby, 2017; De Caro, Thomas, & Beilock, 2008; Smith & Grossman, 2008). 
Since there is little research directly comparing WM and LAA in learning linguistic rules that 
rely on the generalization of semantic information i.e. semantic noun classes, this study aims to 
answer the following research question: Which cognitive factor, WM or LAA, contributes the 
most to the L2 learning of semantic noun classes?

2. Methods

2.1. Participants
The participants in this experiment were 30 native speakers of Japanese (Average age=18.73, 

SD=1.04). During the recruitment period, participants with more than one-month experience liv-
ing abroad, language certifications or majoring in Linguistics and/or related fields were excluded 
from this study. Participants also completed a questionnaire containing questions about age, edu-
cation level, languages studied, and total years of foreign language study. All participants signed 
the consent form and were paid for their participation for the two-hour session. The study was 
approved by the Institutional Review Board at the Department of International Cultural Studies, 
Tohoku University.

2.2. Operation span task
To assess WM, a Japanese-translated shortened operation span task was used (Foster 

et al., 2015). In this task, participants first decide whether a math equation is correct. After decid-
ing, participants see a letter that they must remember. After 2–5 trials, participants are asked to 
recall the letters in the correct order. The operation span task was scored as partial-credit units as 
described by Conway et al. (2005).

2.3. Language analytic ability task
Participants completed the Llama F test, a measure of LAA (Meara, 2005). Participants were 

presented 20 pictures along with a sentence in an unknown language. During the learning phase, 
participants were asked to find the rules, presumably using inductive reasoning. The learning 
phase lasted five minutes, and participants were not allowed to take notes. After the learning 
phase, participants took a test where they were presented with a picture matching one of two sen-
tences. They had to decide which sentence was grammatically correct. Scores of the Llama F test 
can range from 0–100 (Meara, 2005).



Working Memory Trumps Language Aptitude in Learning Semantic-Based Linguistic Category Rules 79

2.4. Semi-artificial language
The semi-artificial language was adapted from Dardon and Tanabe-Ishibashi (2020). This 

adapted version included six more words to ensure every learning phase contained the same 
amount of trials. The semi-artificial language consisted of 36 two-mora concrete nouns that were 
divided into three semantic-based classes: animate, small inanimate, and large inanimate. The 
target grammar was agreement between a noun class and a demonstrative unique to each noun 
class. Nouns in the animate class took the demonstrative ha, nouns in the small inanimate class 
took the demonstrative di, and nouns in the large inanimate class took the demonstrative ro. All 
three demonstratives translated as this. There were 12 nouns for each noun class. These semantic 
categories as well as the number of semantic categories are common typologically (Aikhenvald, 
2000; Corbett, 2014). This semi-artificial language is based on semantic noun classes, which are 
grammaticalized agreement systems that correlate with semantic characteristics (Corbett, 2014). 
Semantic noun classes agree with other grammatical parts outside of the noun itself such as 
demonstratives. To learn these rules, one must generalize a conceptual category based on the se-
mantics of the nouns with no formal cues to category (Aikhenvald, 2000).

2.5. Procedure
2.5.1. Vocabulary learning phase

Participants in this experiment learned all the vocabulary words used in the learning phases 
before the study. They were given a list of the 36 stimuli words along with each word’s Japanese 
translation. The stimuli word list did not contain any of the three demonstratives. Before begin-
ning the experiment, participants were tested on the vocabulary by translating the words from 
Japanese into the foreign language and vice versa. Participants proceeded to the learning phase 
after achieving a 100% score on the vocabulary test.

2.5.2. Grammar learning phase
There were three learning phases consisting of 12 words (four words for each noun class) where 

the participants heard the learned vocabulary with their agreement patterns. Stimuli was pre-
sented aurally once and at random for each learning phase. Participants were asked to repeat what 
they heard one time. For each word, a corresponding picture was presented on the screen.

2.5.3. Generalization test phase
In the generalization test phase, participants were presented the written form of the word and 

its corresponding picture on the screen. Participants were asked to produce the word with the cor-
rect agreement form. In other words, participants had to generalize and apply the rule correctly. 
Except for the final test, test words were taken from the learning phase that followed. Participants 
answers were recorded and scored offline. Participants received one point for correctly produc-
ing the word and its agreeing demonstrative. No points were awarded for producing words that 
sounded like the demonstrative such as shi for di or only producing the demonstrative because 
they were explicitly instructed to produce both.



Diego ELISANDRO DARDON & Hyeonjeong JEONG80

The third generalization test followed the exact methods described above but differed slightly. 
Immediately after finishing the last learning phase, participants were shown 21 novel nouns and 
their Japanese meaning with their corresponding picture at random on a computer using Power-
Point. Participants did not need to memorize the 21 words. The written form of the novel nouns 
and their corresponding pictures were presented on the screen. Participants were asked to pro-
duce the word with the correct agreement form. The third generalization test was scored exactly 
as the first two. The final generalization test was done this way to test whether participants could 
generalize the rules to un-encountered nouns since the first two test phases consisted of nouns the 
participants were already familiar with.

After the test, participants described, in writing, the rules of the language and what strategies 
they used to support their reasonings. Rule description was scored according to Martin and El-
lis (2012). Each participant received one point for correctly describing a rule, for example, di is 
for small objects. To receive a point, the participant had to state the rule as intended i.e. animate, 
small objects, and large objects.

3. Results and discussion

Descriptive statistics and correlations are provided in Table 1. Results from the multiple regres-
sion analysis for the predictor variables, WM and LAA, and the dependent variable, the gener-
alization task i.e. final generalization test scores, are provided in Table 2. A multiple regression 
analysis was used to determine which factor, WM or LAA, better contributed to the learning of 
semantic noun classes. Preliminary analyses were conducted to ensure the assumptions of nor-
mality, linearity, multicollinearity, and homoscedasticity were not violated. WM made the largest 
significant contribution (β=.37, p<.05) to the generalization task while LAA made no significant 
contribution (β=.13, p=.47). The results demonstrate that WM contributed more to learning 
semantic noun classes than LAA. Learning and generalizing sematic noun classes rely on both 

Table 1. Means, standard deviations, and intercorrelations for the generalization task and cognitive pre-
dictor variables

Variable M SD 1 2

Generalization Task 15.63 5.87 .40* .22
Predictor variable

1. WM 0.76 0.08 — .24
2. LAA 63.66 12.72 — —

*p<.05

Table 2. Regression analysis summary for cognitive variables predicting the generalization task

Variable B 95% CI β t p

WM 24.353 [0.22, 48.48] .372 2.071 .048
LAA .060 [−0.11; 0.23] .130 .721 .477

Note. R2=.17 (N=30, p<.05). CI=confidence interval for B
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classifying semantic/conceptual information and generalizing rules from those classifications. 
WM may play an important role in hypothesizing and discovering the rules during learning se-
matic noun class rules. As for LAA, the lack of significant contribution to learning semantic noun 
classes is surprising since LAA is involved in grammar learning (Li, 2015). This result suggests 
that LAA may not be involved in learning rules that require classifying semantic/conceptual in-
formation.

However, since the generalization task required participants to produce the target rules, it can 
be argued that WM’s contribution reflects production and not rule learning. Considering the 
claims that WM in L2 learning has been associated more with production and processing rather 
than rule learning (Wen, 2015), while LAA has been associated with L2 rule learning directly 
(Skehan, 2002), this remains a possibility. To defect this possibility, another multiple regression 
analysis was conducted to see whether WM or LAA predicted scores on rule description. Pre-
liminary analyses showed no violations of assumptions. The analysis revealed WM made a sig-
nificant contribution to rule description (β=.43, p<.05). LAA made no significant contribution to 
rule description (β=−.04, p=.82).

The results from the regression analysis on rule description further support WM was involved 
in rule learning, not just production. As mentioned earlier, WM is closely tied to the discovery of 
verbalizable category rules and is correlated with the learning of these non-linguistic category 
rules. Therefore, it makes sense WM would be involved in explicitly describing semantic noun 
classes rules. Although it can still be argued that the semi-artificial language forced the use of 
WM to recall and produce the correct combination of words, it seems unlikely for a few reasons. 
First, the learning phases were spaced across time, and this spacing across time eases working 
memory load (Suzuki & DeKeyser, 2017). Second, during testing, participants were given the 
noun visually, so they only retrieved the demonstrative from memory, likely reducing working 
memory load.

LAA’s lack of significant contribution to rule description and the generalization task is surpris-
ing given that LAA is implicated in rule learning (Li, 2015; Skehan, 2002). This result suggests 
that LAA is not involved in learning L2 rules like semantic noun classes. Indeed, there is no 
evidence of LAA’s involvement in domain-general learning which is a requirement to learn the 
rules in the current study. However, it can be argued that the lack of contribution was due not to 
the rule itself but the learning condition. LAA is mostly shown to correlate better with grammar 
learning under explicit rather than implicit conditions, especially when given the rule (Li, 2015). 
It is true that the current study did not give the rules to participants explicitly. However, partici-
pants were told there were underlying rules. In other words, participants had to learn the rules via 
induction, making the learning style explicit. Even if the learning condition cannot be consid-
ered explicit, there is no doubt it involved inductive learning. Since there is evidence that LAA 
predicts better learning if learning is inductive, the results of this study suggest LAA is limited 
in predicting the learning of linguistic rules requiring the classification of semantic/conceptual 
information (Erlam, 2005; Hwu, Wei, & Sun, 2014). Further research is needed to demonstrate if 
this is so.
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4. Limitations and conclusion

There were some limitations to this study. One was that there was only one learning condi-
tion. It would have been interesting to see whether WM or LAA predicted successful learning of 
semantic noun classes in an implicit, statistical condition. Another limitation was the short time 
frame of the study. Naturalistic, longitudinal studies on the learning of semantic noun classes or 
similar linguistic structures would be paramount in teasing apart the differential roles of WM and 
LAA in L2 learning.

The current study investigated the contribution of WM and LAA in the L2 learning of lin-
guistic rules that require the classification of semantic/conceptual information. To do this, par-
ticipants learned a semi-artificial language based on semantic noun classes. Multiple regression 
analyses revealed that WM plays an important role in learning these types of linguistic rules. In 
contrast, LAA does not. The results are important because they indicate that WM and LAA may 
predict L2 learning depending on the requirements of the rule. This implies that research on elu-
cidating the differences between WM and LAA in L2 grammar learning must consider a larger 
portion of typologically important and diverse linguistic structures.
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