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Abstract

This experimental study investigates how individual variation in cognitive functioning,

specifically working memory, previous experience with language learning but also language

background, influence language aptitude, in particular grammatical inferencing - the capacity

to spot patterns in grammar - as measured by the LLAMA_F test. Firstly, the study explores

individual factors hypothesised to influence grammatical inferencing performance. Secondly,

it examines whether the latest version of LLAMA_F test can be considered to be language

neutral comparing agglutinative and non-agglutinative languages. In a three-part online

experiment, native speakers of English, Hungarian and Finnish (Ntotal = 72) completed the

LEAP-Q questionnaire (language background), n-back task (working memory capacity) and

the LLAMA_F test (grammatical inferencing). Working memory capacity was found to

correlate positively with grammatical inferencing (r = .28, p = .018), while language learning

experience did not correlate with grammatical inferencing (r = .141, p = .119). After

controlling for working memory, there were significant differences in grammatical

inferencing between different language groups (p = .024); with the Hungarian group

outperforming both the English and the Finnish group, and no significant differences between

the English and Finnish group. This indicates that language aptitude is influenced by several

different factors and that LLAMA_F cannot be regarded as entirely language neutral.

Theoretical and practical implications are discussed, such as considering participants’

language background when administering LLAMA_F.

Keywords: language aptitude, grammatical inferencing, LLAMA_F, working memory,

language learning experience, language background, agglutinative languages
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The Influence of Working Memory, Language Learning Experience and Language

Background on LLAMA_F Test Performance

Communication and acquiring a first language are an integral part of the human

experience. Some even argue that complex language in the way we humans use it and the

complex cognitive architecture this process entails are exclusive to humans (Hauser et al.,

2002). And while all humans learn some form of first language (L1) and can become

proficient users of it, learning a foreign language (L2) after the age of five often does not lead

to the same result (DeKeyser, 2000), as individuals vary greatly in their ability to learn

foreign languages successfully. Besides general influences from positive factors such as

motivation (Dörnyei, 1998) or negative factors such as anxiety (Dı̇kmen, 2021), individuals

differ significantly on so-called language aptitude. To put it simply, language aptitude

describes a “talent for learning foreign languages” (Dörnyei & Skehan, 2003). Indeed, many

studies have indicated language aptitude to be a strong predictor of foreign language

proficiency (Li, 2016). In second language acquisition (SLA) research, definitions of

language aptitude build on the ideas and work of psychologist John B. Carroll, who first

defined and operationalised language aptitude. He saw it as the speed at which a student is

able to learn new language material and regarded language aptitude as a relatively stable skill

over time (Carroll, 1990).

To this day, there is an ongoing debate in the literature whether language aptitude is a

stable skill and, perhaps more importantly, which factors it consists of. Accordingly, over the

past six decades different test batteries have been developed to measure language aptitude.

One of the most widely used tests is the LLAMA (Meara, 2005), which is based on the

assumption that language aptitude consists of four factors, going back to the work of Carroll

(1990). The present study focuses on one factor in particular - grammatical inferencing. It is

the capacity to spot structural regularities in grammar and is thus an essential part of language

learning. The goal of the present study is to take a closer look at the latest version of the
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grammatical inferencing task LLAMA_F and to explore the extent to which individual

differences in working memory, language experience and language background influence

performance in this grammatical inferencing task and acquiring novel grammatical structures

in general. In previous studies general language aptitude has been shown to correlate with

working memory (Yilmaz, 2013) and language experience (Ma et al., 2018) and a recent study

revealed that language background had an influence on grammatical inferencing too (Mikawa

& De Jong, 2021). We will first take a look at theories of how grammar learning works and

which general cognitive abilities support this process.

Language acquisition and learning

On average, an infant will start babbling at around six months of age (Lang et al.,

2019) and utter their first words between nine to twelve months (Simonsen et al., 2014). Once

a child begins to put two or more words together, grammar becomes important. At first glance

acquiring our first language(s) as infants can come across as an effortless process. However,

according to Tomasello (2011), there are two complex mechanisms that mainly contribute to

initial language acquisition in infants: firstly, the ability to understand the intention behind an

utterance or an action and secondly, the ability to find patterns in the stream of language. This

second process is closely related to grammatical inferencing, as it allows the infant to acquire

a sense for grammatical structures and their meanings. Understanding these structures is not

only important for the infant to become a proficient speaker of their language later in life, but

also a way to facilitate the acquisition of new words (Tomasello, 2011).

The process of language learning after a first language has already been established is

nevertheless different, as adults who learn another language, have their first language as a

starting point. Instead of solely relying on the processes an infant utilises, they can

consciously draw parallels between the target language and their own first language; even

though grammatical structures cannot always be directly transferred from one language to the

other (Meisel, 2011). There is a debate in the literature on how the process of grammar
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acquisition differs between infant L1 and adult L2 learners of the same language (Meisel,

2011). One theory with a large empirical support suggests that children rely more on implicit

learning processes, such as described above, whereas adults are more likely to rely on explicit

learning processes (Service et al., 2014). This is because there seems to be a critical period in

which the inductive implicit kind of learning is particularly used and after which acquiring a

language to a complete native level becomes increasingly unlikely. This critical period is said

to be before the ages six to seven, and the theory and some empirical studies in

non-naturalistic classroom settings imply that adults potentially lose these implicit abilities

(Granena & Long, 2013). Instead, adults will rely more on explicit learning strategies, a

natural process, as DeKeyser (2000) argues, also in part because adult cognitive structures are

fully developed as opposed to children’s cognitive structures. Another reason as to why the

processes of L1 and L2 learning differ, is crosslinguistic influence. Meaning the way in which

the experience with one particular language influences our perception and processing of

another. These similarities between languages can occur between different aspects of

language such as words (lexicon), word structure (morphology) and grammar (McManus,

2021). For instance, in some languages, nouns have an assigned gender (the day, the school,

the car in English but der Tag, die Schule, das Auto in German). In order to learn a L2 our

cognitive mechanisms, which are accustomed to L1, need to adapt to L2. One theory of how

this works is that the original knowledge is transferred to the new context and only then

adapted to suit the new context, if necessary (Sharwood Smith & Truscott, 2006). Another

language learning approach based in cognitive psychology and general learning theories is

that during the learning process knowledge is not simply copied from one context to the other

(Larsen-Freeman, 2013). It is rather that new knowledge is built, while novel mechanisms are

generated to select relevant information between each language (McManus, 2021).
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Assessment of language aptitude

First attempts at measuring language aptitude were made with the MLAT – Modern

Language Aptitude Test which was originally developed in 1959 (Carroll & Sapon). Through

several factor analyses, Carroll examined several related cognitive factors, which eventually

led to the conclusion that the original construct of language aptitude was made up of four

separate contributing factors (Carroll, 1990): phonemic coding ability (ability to differentiate

between novel sounds and their visual representation), rote learning ability (ability to create

connections between written material and its meaning), inductive language learning ability

(ability to spot patterns in novel grammar) and finally grammatical sensitivity (ability to find

grammatical meaning of words).

The LLAMA test is in part based on the MLAT and in part on more recent literature.

The LLAMA test battery is very popular due to it being freely available, reliable and most

importantly claiming to be language neutral (Rogers et al., 2017). It has been used in a variety

of language study contexts with language aptitude as a predictor variable, where language

aptitude influenced certain aspects of language proficiency such as lexicogrammar complexity

and morphological accuracy (Saito, 2017) or the process of language attrition (Bylund et al.,

2010).

Like the MLAT, the LLAMA test also consists of four subtests, two of which are

similar to two of the original subtests of MLAT, namely word meaning associations and

grammatical inferencing. The LLAMA measures vocabulary learning ability (the capacity to

relate novel objects to novel words), sound-symbol association (the capacity to relate novel

sounds to known symbols), sound recognition (the capacity to differentiate between sounds)

and grammatical inferencing (the capacity to spot patterns in a novel grammar).

The present research will focus only on grammatical inferencing, captured by the

subtest LLAMA_F. It is a task in which participants are presented with pictures of coloured

shapes in different positions and combinations. Each of those pictures has a short caption in
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an artificial language. By spotting patterns in the captions and the set-up of the pictures,

conclusions can be drawn about the grammar of the artificial language. After a short learning

interval, pictures should be matched with the suitable caption. In earlier versions of this task,

there were direct translations of the artificial language captions into real language, but to

make the test available to more people with diverse language backgrounds, these were

eventually excluded. In a more recent version, captions in the testing phase were complete

and participants did not have to create the sentences themselves, which is the case with the

latest version LLAMA_3. This is more of a challenge but lowers the chance of participants

simply guessing the correct captions. The last update to LLAMA_3 was in May of 2021. As

the LLAMA keeps getting updated, the latest version of LLAMA_F has not yet been explored

as thoroughly as its predecessors. Thus, the present study focused on three important factors

of the cognitive architecture involved in the ability to make grammatical inferences,

examining the ways in which these factors may be implicated in performance in the current

grammatical inferencing task included in LLAMA_F.

Potential influences on grammatical inferencing of LLAMA_F3

Working Memory

A major feature of the cognitive architecture of grammatical inferencing is working

memory, which, just like language aptitude, varies greatly between individuals. Working

memory as originally defined by Baddeley and Hitch (1974; Baddeley 1986) took a less static

approach than previous memory models at the time. Working memory manipulates

information temporarily instead of simply storing it and can therefore be seen as a connection

between long-term memory, perception and interacting with the environment. It is thus

essential to complex learning and reasoning processes (Baddeley, 2003). The model includes

the central executive (executive working memory), which is controlling three specific

sub-components; the visual sketchpad, the phonological loop and the episodic buffer

(Baddeley & Hitch, 1974). Based on this model of working memory capacity, there have been
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a number of studies that argued that there are connections between these specific working

memory capacity components and language aptitude factors. For instance between the

phonological loop and vocabulary learning (Service, 1992) and indeed, also between general

executive working memory and grammatical inferencing (Yilmaz, 2013).

While Baddeley’s model of working memory capacity still has a large influence in

literature to this day, there are some more novel understandings on working memory that do

not define it as a strictly hierarchical model (Oberauer, 2009). More recent accounts on

working memory capacity suggest that it is a dual-process model, which consists of a

declarative and a procedural part, where both contain structures in which new information is

integrated, as well as including attention focus capacities and active long-term memory

(Oberauer, 2009).

What both working memory models have in common however, is that they try to

describe how new information is processed and manipulated. These complex cognitive

abilities are also needed when performing typical grammatical inferencing tasks (Martin &

Ellis, 2012), for example when memorising novel items and processing their relation to

another. Indeed, a recent meta-analysis of 66 language aptitude studies showed that executive

working memory was positively related to language aptitude (Li, 2016). Especially

performance in grammatical inferencing tasks that are similar to the LLAMA_F test described

above has been shown to positively correlate with higher levels of working memory (Sáfár &

Kormos, 2008). This correlation might even be stronger with the new version of LLAMA_F3,

as it does not involve simple word recognition as much and requires participants to actively

create a sentence.

The centrality of working memory for language aptitude is underlined in views that

working memory ought to be considered as an integral component of language aptitude rather

than a separate concept (Friedman & Miyake, 1998).
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Language Experience

A second important feature of the cognitive architecture of grammatical inferencing is

that of language experience. Operationalisation of language experience varies in the literature.

One approach considers the time an individual has spent with a language, counting from the

age when someone began learning a second language (Stafford et al., 2010). According to this

approach, the longer the exposure to this language is, the higher the language experience will

be. Another approach considers the total number of languages known. Indeed Nayak et al.

(1990) explored how monolinguals and multilinguals compare in their ability to detect

grammatical rules for the word order patterns of sentences, the syntax, when asked to do so.

Multilinguals outperformed their monolingual counterparts, which the authors traced back to

their higher language experience. This effect is not unique between monolinguals and

multilinguals. A recent study compared language aptitudes of language learners of one L2

with those of language learners with a second L2 and found that learners of more than one L2

scored higher in language aptitude as measured by the LLAMA tests (Ma et al., 2018). Yet

another approach defines language experience as the experience with formal language

classroom instruction (Lado et al., 2017). According to this approach, a person who has

acquired a second language (L2) through formal studies later in life has more language

experience than a person who has been raised bilingually.

There are some indications that higher language experience positively influences

performance in the grammatical inferencing task of LLAMA_F; possibly because individuals

with higher levels of language experience are more meta-linguistically aware and have

developed strategies to learn and detect grammar (Rogers et al., 2017). It is not exactly clear,

however, how much experience in a L2 is needed to create this effect, for example if the effect

grows with the number of languages learned. While there are some well documented cases of

polyglots (individuals who use several languages fluently), who excel in language aptitude

tests as compared to people who know fewer languages (Hyltenstam, 2016), in terms of
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number of languages known, these individuals are the exception rather than the norm. Rogers

et al. (2017) found that knowing more than one foreign language already made a significant

positive difference to language aptitude, in particular to grammatical inferencing. Another

important point to consider is the level of those languages. Lado et al. (2017) found that an

intermediate level of Spanish helped participants learn Latin grammar in the short-term, but

that only those who had higher, near fluent levels of Spanish were able to retain the Latin

grammar rules in the long-term. This implies that some established knowledge is necessary to

create this effect and that knowing only the very basics of a language would not suffice.

Language Background

A final important feature of the cognitive architecture of the ability for grammatical

inferencing is the nature of one’s first language (L1) background. Mikawa and De Jong (2021)

argue that the artificial language used in LLAMA_F seems to mainly use a grammatical

structure of a particular type of languages, namely “agglutinative languages”. Examples for

agglutinative languages are Finnish, Hungarian, Estonian, Turkish and Japanese to name but a

few. What all these languages have in common is that several morphemes, smallest word units

that carry meaning, can be used to form rather long words. And while doing so, these

morphemes do not change, as they do in other, “non-agglutinative”, languages. For example,

in Hungarian (boldog = happy; boldog-abb = happier; leg-boldog-abb = happiest;

leg-bolodog-abb-nak = the happiest one; leg-boldog-abb-ak-nak = the happiest ones). Where

non-agglutinative languages such as English would use a sentence, agglutinative languages

can sometimes use only one word; for example, in Finnish (talo = house; talo-ssa = in house;

talo-ssa-ni = in my house). The artificial language used by LLAMA_F works in a very similar

way, as explained in more detail in methods.

In a recent study, (Mikawa & De Jong, 2021) found that, indeed, the subtest

concerning grammatical inferencing, LLAMA_F, might depend on the participant’s first

language background. This would not be desirable, as that would potentially give native
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speakers of certain languages an advantage in solving the grammatical inferencing task and

make results of different native speaker groups less comparable. This is especially important

if a study uses LLAMA as an instrument to measure language aptitude. The study by Mikawa

and De Jong (2021) compared language aptitudes of agglutinative language native speakers

(i.e., Japanese, and Hungarian) with non-agglutinative language native speakers (Dutch) and

found that Japanese L1 speakers outperformed the other language groups in LLAMA_F

performance. This can partly be explained by the nature of the grammatical inferencing task,

as the artificial language used here is grammatically more similar to agglutinative languages.

However, it does not explain why Japanese L1 speakers performed better than Hungarian L1

speakers.

Aims of this study

Taking into account previous and recent findings on factors in the cognitive

architecture of the ability of grammatical inferencing, the aim of this study is to assess the

impact of these cognitive, crosslinguistic and individual factors for individual performance on

the LLAMA_F. Firstly, the study assesses and compares the extent to which working memory,

language experience (here defined as the level and number of languages learned), and L1

background impact the performance in LLAMA_F3.

Secondly, the study explores whether the latest version of the grammatical inferencing

test LLAMA_F is in fact language neutral. By including participants with varying native

language background (English, Hungarian, Finnish and Japanese language groups), we

explore whether Mikawa and De Jong (2021) results are replicated with the new version

LLAMA_F3 and whether this pattern continues in another agglutinative language, Finnish.

Exploring this would help determine whether language background does in fact have an

impact on grammatical inferencing. The following hypotheses will be tested:

1. Higher performance in the working memory task correlates positively with

grammatical inferencing.
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2. Higher language experience correlates positively with grammatical inferencing.

3. Agglutinative language speakers outperform non-agglutinative language speakers in

the LLAMA_F grammatical inferencing task.

Methods

Participants

Adult native speaking participants were recruited for three different language groups –

speakers of two agglutinative languages, Hungarian (N = 30) and Finnish (N = 16), and

speakers of English (N = 26) as a non-agglutinative control group. Participants in the

English-speaking control group had not learned an agglutinative language as a L2 previously.

There were no other participant-specific exclusion criteria. To make the samples comparable,

we also assessed gender and educational background. See Table 1 for demographic

information.

Despite a high initial participation rate, a total of 233 participants needed to be excluded from

the analysis eventually. This was largely due to incomplete datasets, as not all participants

finished the experiment, and the lack of an outcome variable score made their data unusable.

Only participants with a completed LEAP-Q, LLAMA_F and n-back task over at least 50%

were included. Further six native English speakers were excluded as they reported an

agglutinative language as their L2. Furthermore, there were only four complete datasets from

native Japanese speakers, which was not sufficient for analysis, so the entire language group

was omitted from further analysis and discussion.
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Table 1

Demographic Information

Hungarian Finnish English

N (male/female/other) 30 (17/13) 16 (9/6/1) 26 (18/7/1)

Age (M, SD) 28 (7) 33 (9) 28 (12)

NAcademic Degree (%)a 24 (80%) 12 (75%) 22 (84,61%)

NForeign Languages (Range) 2,5 (1 – 4) 2,62 (1 – 4) 1,23 (0 – 3)

Other Languages English, German,

French, Spanish,

Swedish, Italian,

Russian, Danish,

Romanian, Latin,

Hebrew

English, Swedish,

German, Spanish,

French, Italian,

Dutch, Japanese

French, Spanish,

German, Irish,

Welsh, Portuguese,

Italian, Russian,

Latin, Korean,

Hindi, Gujarati,

Swedish, Dutch,

Norwegian,

Tagalog

Note. Other languages are reported in order of how often they occurred in the sample.

a Educational background of participants. Graduate school, college, master’s degrees, or a

PhD counted as an academic degree.

Instruments

To assess participants’ language background, parts of the LEAP-Q – the Language

Experience and Proficiency Questionnaire (Marian et al., 2007) were used. The LEAP-Q

includes detailed self-reported information about the experience and proficiency of each

language a participant speaks, as well as educational background and age. It is a reliable

instrument that has been translated into over 20 languages, is freely available and widely used

(Kaushanskaya et al., 2020). As not all questions from this instrument were relevant for this
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research, we only used the items with the strongest predictive power of language ability. They

were self-estimation of the age a participant began acquiring/became fluent in a language,

when they began reading/became fluent in reading and how much time they spent in each

language environment; and finally, estimates of their proficiency in speaking and reading in a

language on an eleven-point Likert scale from none to perfect (0 - 10). Cronbach’s alpha is

rather high for the self-reported proficiency factor (L1 α = .92, L2 α = .88), which also has a

high external validity (Marian et al., 2007).

The language aptitude test battery LLAMA (Meara, 2005) was used, specifically the

subtest LLAMA_F, to assess grammatical inferencing. The latest version (LLAMA_F3) is

free to use on the official LLAMA website (Meara & Rogers, 2019). In the learning phase of

the test participants initially saw twenty red buttons and a yellow square. Whenever they

clicked one of the buttons, a picture was displayed in the yellow square with a corresponding

sentence in the artificial language under it. The artificial language was presented in Latin

letters. See Figure 1 for a screenshot of the LLAMA_F3 learning screen. Participants were

allowed to take notes if they wished.

Figure 1

Example of Learning Phase Screen of LLAMA_F

Note. The sentence “atak arap sa” in the artificial language “Patsi” refers to the picture

displayed above. “Atak” stands for blue, “arap” for round and “sa” indicates a singular object.
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The picture-sentence combinations could be explored until the program closed the learning

phase after five minutes and moved on to the testing phase. Here, the yellow square was

displayed again as well as a new set of sixteen blue buttons, containing words/fragments from

the artificial language. The same twenty pictures that had been seen previously were

displayed one by one in the yellow square. Participants were required to select the appropriate

word combinations by clicking the blue buttons. There was no time limit in this test. A

maximum of twenty points could be achieved, which was displayed to participants after

finishing the test. See Figure 2 for a screenshot of the LLAMA_F3 testing screen. LLAMA_F

has been shown to have an internal consistency of α = .60 and a test-retest reliability of r = .56

(Granena, 2013).

Figure 2

Example of testing Phase Screen of LLAMA_F

Note. Participants should select the correct sentence and then click the “OK” button.

To test participants' working memory capacity, we used a visual n-back task.

Originally developed by Kirchner (1958), it is a task that predicts working memory processes

(Engle & Kane, 2003). It requires the participant to follow an on-screen succession of shapes

and to remember their order, as they will be asked to report if the current shape matches the

one they saw n-numbers back. For the purpose of this study, this version of an n-back task is
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particularly helpful, as it only uses shapes as opposed to letters and is therefore relatively

language neutral apart from the instructions. The n-back task is a widely used instrument to

measure working memory capacity, since it requires the participant to store and process new

information at the same time. It has been criticised for its poor construct validity, as it only

weakly correlates with other working memory measures such as the reading span task (Jaeggi

et al., 2010). However, there are some studies that report good reliability scores for visual

2-back tasks (r = .91) (Friedman et al., 2006), especially test-retest reliability (r = .82) (Soveri

et al., 2018). Furthermore, the language-neutral nature of the task as well as the compatibility

with an online experiment made the 2-back task an appropriate choice for this study. The task

was presented using the online platform Pavlovia, while the n-back task was created in

PsychoPy3. It used seven different stimuli (see Figure 3 for an example) and 150 total trials

out of which there were forty-five possible hits. Each stimulus was presented for the duration

of 1 second. This task was a 2-back task.

Figure 3

Example of stimuli in the 2-back task

Note. Four of the seven possible items are displayed. This is not a screenshot, as items

appeared one at a time.

Procedure

A computer-based experiment was carried out online for practical reasons such as

accessibility of participants with different L1 backgrounds. To recruit participants, the study

was advertised online through various social media platforms and through word of mouth.

First, participants filled in a short questionnaire about their language backgrounds using the

platform Qualtrics and they were assigned a participant number. At the end of the
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questionnaire, two links were provided that each opened another window. These were for two

further tests, one for grammatical inferencing and one for working memory. All participants

took part on a device with a physical keyboard, as this was a requirement for the working

memory task. Participants were asked to enter their participant number for each of the two

experiments, so that results could be matched anonymously. On average, the entire

experiment took 25 - 30 minutes in total.

Ethics

Before taking part in the study participants gave their informed consent. They were

aware that participation was voluntary and could be withdrawn at any time without

justification and that they were not identifiable from their data. Name and contact details of

the researchers were provided if participants had further questions or wanted to withdraw their

participation. There was no physical or mental risk in participating in the study. Only adults

above the age of eighteen were able to take part in the study, in line with Swedish ethical

research guidelines.

Data analysis

Data was analysed using IBM SPSS Statistics (Version 21). All variables were

operationalised in different ways. For working memory d-prime was used, the z-transformed

PR-Score (Hit rate – False alarm rate) of the n-back task. Hit rate was the total number of

correct responses, when a stimulus was correctly identified as repeated, while false alarm rate

stood for the total number of wrong responses, when a stimulus was falsely identified as a

repeated stimulus. This technique was used in order to get a more accurate estimate of

working memory capacity than simply calculating the number of correct responses in

proportion to the total number of stimuli (Snodgrass & Corwin, 1988).

Language experience was operationalised in two ways. Firstly, as the total number of

L2 reported and secondly as the number of L2 spoken above or at “adequate” level, ranked

from zero to four. “Adequate” level was number five on the self-report proficiency scale from
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zero to ten (none - perfect). For both these variables separate correlations were calculated with

the LLAMA score to address hypothesis one and two. For hypothesis one a one-tailed Pearson

correlation was used and for hypothesis two, two one-tailed Spearman correlations.

Language background was operationalised as the reported L1 of participants: English,

Finnish or Hungarian. For hypothesis three, firstly, an ANOVA was conducted with the

LLAMA scores (0 - 20) of three language groups to see if grammatical inferencing differed

between groups. Afterwards, an ANCOVA with language group (independent variable)

grammatical inferencing (dependent variable) and working memory (covariate) was

introduced to further explore the difference between the language groups English, Finnish and

Hungarian. All assumptions for ANCOVA were met. Homogeneity of regression slopes was

given for the dependent variable as there was no significant interaction (p = .941). A

Shapiro-Wilk test confirmed that residuals were normally distributed (p = .740). And finally,

error variance was equal across language groups, as a Levene test revealed (p = .931).

Results

To test hypothesis one, a one-way Pearson correlation was conducted. There were twelve

missing data points and an additional four outliers in the working memory variable. All four

outliers were excluded from analysis, as they had a d-prime-score of < -1.0, which indicates

that their answers were due to chance. The analysis showed a significant positive correlation

between LLAMA_F scores and d-prime, r(54) = .28, p = .018. Performance in the working

memory task correlated positively with grammatical inferencing; thus, hypothesis one could

be confirmed. See Figure 4 for a scatterplot of the Pearson correlation. On the contrary, the

two one-way Spearman correlations for the second hypothesis showed that there were no

significant correlations between LLAMA_F and the total number of languages r(70) = .16, p

= .085 nor between LLAMA_F and the number of languages above adequate level r(70) =

.14, p = .119. Hypothesis two could therefore not be confirmed.
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Figure 4

Correlation of PR-Score and LLAMA_F Score

Note. PR-Score measuring working memory and LLAMA_F-Score measuring grammatical

inferencing. Regression line is included. The four outliers are already excluded here.

For hypothesis three, to find out whether language background influenced performance in the

grammatical inferencing task, while controlling for working memory, an ANCOVA was

conducted.  Before introducing the covariate working memory, LLAMA_F-Score means were

compared between language groups in an ANVOVA. There, the lowest mean score on

LLAMA_F of the language groups was found in the English group (M = 8.85; SD = 3.47),

followed by Finnish (M = 9.56; SD = 4.29) and Hungarian with the highest mean (M = 12.46;

SD = 4.31). See Figure 5 for a boxplot. After introducing working memory as a covariate, the

English group still had the lowest mean (M = 9.08; SE = 0.90) followed by Finnish (M = 9.56;

SE = 0.99) and Hungarian (M = 12.27; SE = 0.82). The scores still differed significantly on

LLAMA_F between the groups (F(2,56) = 3.97, p = .024, partial η² = .124). The Bonferroni

post-hoc test revealed a significant difference between the English and Hungarian language

group (p = .012, MDiff = 3.20, 95% CI [0.73, 5.66]), as well as the Finnish and Hungarian
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language group (p = .040, MDiff = 2.72, 95% CI [0.14, 5.30]). There was no statistically

significant difference between the English and Finnish language group (p = .723; MDiff = .478,

95% CI [-2.21, 3.17]). Therefore, hypothesis three could partly be confirmed. See Figure 6 for

a bar chart.

Figure 5

Boxplot for LLAMA_F score means according to language group

Note. Language group differences in ANOVA, before working memory was included as a

covariate.
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Figure 6

Bar chart for LLAMA_F estimated marginal means in ANCOVA

Note. Language group differences in ANCOVA, after working memory was included as a

covariate.

Discussion

The aim of the present study was to assess the extent to which grammatical inferencing, as

measured by the LLAMA_F test, is dependent on major factors of the cognitive architecture

involved in this ability, namely working memory and previous language experience. Further,

we aimed to assess the extent to which this performance may also be dependent on L1

background. To our knowledge, this is the first study to scrutinise these cognitive, individual

and crosslinguistic factors together, which explain individual variations in performance in

grammatical inferencing. Overall, the present results are in line with previous studies

highlighting the centrality of working memory in grammatical inferencing (Sáfár & Kormos,

2008) and the influence of L1 background (Mikawa & De Jong, 2021). They also underline

the potential of language experience being an important individual factor to take into account

when measuring grammatical inferencing.
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The centrality of working memory

The first hypothesis, that higher performance in the working memory task would correlate

positively with grammatical inferencing could be confirmed, in line with previous findings on

the links between working memory and grammatical inferencing (Sáfár & Kormos, 2008).

While a correlation does not necessarily mean that there is a causal relationship between

variables, considering the previous findings on working memory and language aptitude (Sáfár

& Kormos, 2008; Yalçın et al., 2016), causality can be inferred.

Furthermore, as working memory in the present study was measured by a non-verbal

working memory capacity task, the n-back task, working memory here can be taken to capture

a broader concept than language aptitude, as there was no language required to solve the

n-back task. Whether working memory capacity is in this context practically inseparable from

language aptitude, as some authors suggest (Friedman & Miyake, 1998), is still a matter of

debate, but the present results would suggest that it is not. Assuming working memory were

the sole factor in the cognitive architecture for language aptitude, the overlap would have

been much higher and thus the correlation would have been even stronger. Since that was not

the case, it seems more reasonable that working memory capacity contributes to language

aptitude in terms of grammatical inferencing but is not the sole cognitive component

involved. Additional support that working memory capacity is a different concept comes from

studies (Yoshimura, 2001; Granena, 2013), that have shown that working memory and

language aptitude correlate as overall concepts, but when divided into its subfactors, only

word association and grammatical inferencing can be predicted by working memory

performance. A principal component analysis showed that language aptitude subcomponents

loaded on different factors as working memory, which also indicates that working memory

capacity is a separate concept (Granena, 2013).
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Thus, our findings overall confirm the centrality of working memory for language

aptitude and highlight that this may be in part due to a sharpened ability of grammatical

inferencing.

The role of language experience

Higher language experience did not correlate with grammatical inferencing; neither as the

total number of foreign languages reported nor as the number of languages spoken above a

self-reported adequate level. However, even though there was no significant statistical

support, the relationship of the two variables was still positive, which is in line with previous

research that has found a positive connection between language aptitude and language

experience (Nayak et al., 1990; Rogers et al., 2017; Ma et al., 2018). Thus, rather than

assuming that language experience does not influence grammatical inferencing performance,

we suspect that a larger sample size, with a higher power, would likely have returned

significant results. Another reason for the null result in the present study could be that only

ten participants in the current sample reported not knowing any language at or above adequate

level, and out of which eight were monolinguals. Moreover, results might have been different

had language experience explicitly been operationalised as the exposure to formal language

instruction. For instance, a longitudinal study found that there were significant effects of

formal foreign language classroom instruction on the overall language aptitude as measured

by the LLAMA tests over the course of an academic year, where instruction was monitored

for the duration of the study (Sáfár & Kormos, 2008). This was not possible in our case, so we

assumed that people who acquired a language after the age of five had had formal language

instruction. However, we do not know for certain how participants gained their L2

knowledge, with much or little formal instruction, which might be confounding the current

data. As language experience did not correlate with the performance of grammatical

inferencing, it was not included as a covariate in the ANCOVA that was conducted for

hypothesis three.
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Does language background confound grammatical inferencing performance as

measured by LLAMA_F?

Hypothesis three, that agglutinative language speakers would outperform

non-agglutinative language speakers, could partly be confirmed. Interestingly, while the

Hungarian native speakers did score significantly higher than the English native speakers, the

former also scored higher than Finnish native speakers and there was no significant difference

between English and Finnish native speaker scores. As the group differences persisted after

controlling for working memory, we conclude that these differences are due to the language

groups and not due to working memory as a confounding variable. This is also in line with

skill acquisition theory, in which working memory, and other individual cognitive abilities,

are less important than previous domain knowledge in adults when learning new skills

(Ackerman, 2007). The domain knowledge in this case is the grammatical closeness of the

artificial language from LLAMA_F to Hungarian rather than to English, which would have

given the Hungarian language group an advantage. That the Hungarian language group

outperformed the English language group was hypothesised and could be explained by the

nature of these languages, agglutinative vs. non-agglutinative.

When looking at all three languages in this study, they form an interesting pattern, since it

partly replicates the findings of Mikawa and De Jong (2021), where agglutinative language

speakers (Hungarian and Japanese) also outperformed non-agglutinative language speakers

(Dutch). The pattern could not be fully replicated due to the lack of Japanese speakers in the

current sample, however Mikawa and De Jong (2021) found that one agglutinative language

group (Japanese) outperformed the other agglutinative language group (Hungarian), which is

similar to the current finding. That Hungarian and Finnish native speakers’ performance

differed significantly is a somewhat surprising result, which could be explained by taking a

closer look at the grammar of both languages. While both Hungarian and Finnish belong to

the same language family, Uralic languages, and are both agglutinative languages, there are
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some significant grammatical differences between the languages. Finnish differs from other

agglutinative languages for instance, through its attributive adjectives. These are adjectives

that are directly attached to a noun such as “the happy child” instead of “the child is happy”.

In Finnish the endings of attributive adjectives change together with the noun they are

attached to, but, with very few exceptions, attributive adjectives do not change with the noun

in Hungarian (Anhava, 2010). In the artificial language LLAMA_F, using the words that

describe colour could be seen as attributive adjectives, as they always describe one of the

figures (triangle, circle or square). Their endings change according to the noun they are

describing (ipot arap = red circle; ipod ilad = red square), while the nouns themselves do not

change endings. Based on the current results it is not possible to say whether differences

between the Hungarian and Finnish group can be traced back to this, therefore it would be

interesting to analyse the mistakes each group made and to see if there are patterns that could

explain the differing performance between language groups.

Even though these results seem rather ambiguous, it is likely that even this new version of

LLAMA_F is not fully language neutral when it comes to agglutinative languages.

Considering the results of this study as well as the similar results of Mikawa and De Jong

(2021), we conclude that the new LLAMA_F test should be administered with caution when

testing participants with different language backgrounds.

Taken together, the results of the present study demonstrate that the complex cognitive

architecture of language aptitude and in particular grammatical inferencing include the

cognitive factor working memory as well as the crosslinguistic factor L1 background. They

indicate that higher working memory capacity and a particular L1 background in certain

contexts can be of an advantage when it comes to learning new grammar. Interestingly,

previous studies have shown that working memory capacity (Sawyer & Ranta, 2001) and

crosslinguistic similarities (Bokander, 2020) are the most beneficial in the early processes of
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language learning. This makes sense when considering that in order to learn a L2, cognitive

mechanisms, which are accustomed to L1 need to adapt to L2 (McManus, 2021).

Limitations and suggestions for future research

This study was conducted without funding and therefore no monetary compensation

for the participants. Non-monetary compensation in the form of evaluative feedback was not

possible either, because of the experiment’s set-up on three different platforms. As the

experiment was divided into three parts, it required participants to follow two different links

and enter their participant codes there, which most participants were possibly not accustomed

to. Because of these reasons the drop-out right was very high and affected the final sample

size. It would have been desirable to have a higher number of participants, more equal group

sizes as well as more Japanese speakers, so that a comparison of all four language groups

would have been possible as originally planned. This would have painted a richer picture of

the factors and their relationship with grammatical inferencing. Furthermore, these results

should only be generalised to different populations with much caution, as a majority of

participants were rather young and well-educated. There were also more male than female

participants, particularly in the English group. Gender is an additional individual factor that

future studies could be taking into account when exploring grammatical inferencing.

Although some studies have shown some relation of grammatical inferencing and gender, it is

not clear exactly how gender plays a role, as there is some conflicting evidence as to the

direction of the relation: Wucherer et al. (2018) found that female participants outperformed

male participants in the MLAT IV, measuring grammatical sensitivity (Wucherer & Reiterer,

2018); while there are also counter indications, where male participants outperformed female

participants as measured by the LLAMA_F (Rizvanović, 2018). It would be highly valuable

to gain a perspective on this factor, as it helps interpret studies such as this with a gender

uneven sample.
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As previously alluded to, language experience could have been operationalised more

explicitly as formal language instruction. Future studies would benefit from exploring this

more closely as the time spent on studying the language in formal settings or perhaps a

self-estimation on how much time students spend on studying grammar in particular.

It should be noted that the n-back task was the last part in the online experiment and

participants motivation and concentration were not at peak performance as indicated by the

very high drop-out rate especially around the n-back task. Working memory capacity was

assessed using a single n-back task, which does give a good indication of working memory

capacity but does not replace more elaborate testing with a combination of other working

memory capacity measures, such as the reading span task (Daneman & Carpenter, 1980),

which is reported to have high test-retest reliability scores of r = .93 – 95 and good construct

validity (Waters & Caplan, 2003). Using different working memory capacity measures in

future research could also be insightful to understand the interplay of working memory and

language aptitude more thoroughly. For instance, how different aspects of working memory

such as focus attention or long-term memory access (Oberauer, 2009) relate to language

aptitude.

Data analysis of the present study partly used correlations to answer hypotheses and as

alluded to earlier, significant correlations cannot be regarded as causal relationships between

variables. However, this approach is not unique in the field of language aptitude research

(Granena & Long, 2013; Yilmaz, 2013). Correlational results give a valuable first insight into

the relation of working memory and language aptitude, on which further research can build.

In this study, in order to access the LLAMA_F data generated by our participants, the

authors of the LLAMA_F needed to be contacted and direct access to the data sets was never

possible. Because of this, it was never possible to see how long participants took to complete

the LLAMA_F, as there is no time limit, and to see what kind of mistakes they made to

explore if there were certain patterns for different language groups. This process data could
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have potentially given some indication as to why language groups differed in performance.

For future studies, it would thus be valuable to integrate the individual completion time of

LLAMA_F and the kind of errors in the analysis to explore if there are certain patterns for

different language groups.

Conclusions

Firstly, this study has shown that our ability to learn foreign languages, particularly novel

grammar, is not only influenced by language aptitude but also by cognitive factors such as

working memory capacity and other individual differences such as L1 background. These

factors should be taken into consideration when investigating language aptitude in the future.

On a larger scale, these results serve as an indication that language aptitude as a measurable

concept should potentially be reconsidered and broadened in the future.

Secondly, the inconsistencies in LLAMA_F test performance between different language

groups that were first reported by Mikawa and De Jong (2021) still persisted in the new

version. Therefore, even the latest version of the LLAMA_F test should be used with caution,

especially when comparing different language groups and when grouping a sample of

participants with mixed language backgrounds.
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