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Abstract
A subtest of the LLAMA test battery (LLAMA_D) has been proposed as a potential test of implicit
learning aptitude. To improve its construct validity, in the present study, the original LLAMA_D
(a) instructions for incidental learning were modified, and (b) confidence ratings of test responses
and (c) reaction time (RT) measurements were added. This revised LLAMA_D was administered
along with the other LLAMA subtests (LLAMA-B, -E, and -F). Unconscious knowledge that may
(not) result from the exposure was assessed through the relationship between the accuracy/RT and
confidence ratings. The results suggest that LLAMA_D accuracy largely reflects conscious retrieval
of previously heard sound sequences. However, an index derived from the LLAMA_DRTmeasure
(coefficient of variance) was associated with an aspect of oral fluency, which is presumably
dependent on proceduralization. Several recommendations are proposed to redesign and extend
LLAMA_D as a potential aptitude test for proceduralization.

INTRODUCTION

Renewed interest in aptitude in the context of second language (L2) acquisition has led to
several recent studies exploring this concept (Granena et al., 2016; Wen et al., 2019). As
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an aptitude test battery is an integral part of aptitude research, the LLAMA test is
increasingly being used, in part because it is language independent and can be adminis-
tered to all individuals who can read the Roman alphabet. Furthermore, it is freely
available, unlike other high-stake and secured aptitude tests such as theModern Language
Aptitude Test (MLAT) (Carroll & Sapon, 1959; Sasaki, 2012) and High-Level Language
Aptitude Battery (Hi-LAB) (Linck et al., 2013). Using the LLAMA test, a number of key
findings have been generated in various domains of L2 learning, including but not limited
to the role of aptitude in L2 acquisition by children and adults (e.g., Abrahamsson &
Hyltenstam, 2008; Granena, 2013b) and aptitude–treatment interactions (e.g., Kourtali &
Révész, 2019; Suzuki & DeKeyser, 2017a; Yilmaz & Grañena, 2016). As LLAMA was
originally developed for exploratory and non-high-stakes purposes (Meara, 2005), it is
necessary to assess its reliability and validity. Such investigations have recently com-
menced, and potential and limits are gradually emerging (Bokander & Bylund, 2019;
Granena, 2013a, 2019; Rogers et al., 2017; Yalçın et al., 2016).
Although the LLAMA test was developed based on the MLAT (Meara, 2005), it also

includes a new subcomponent, LLAMA_D, which is a sound-recognition test claimed to
be a potential measure of aptitude for implicit learning (Granena, 2013a, 2019). While
traditional aptitude measures like MLAT predominantly focus on explicit learning,
whereby test-takers are expected to consciously remember and analyze linguistic mate-
rials, LLAMA_Dmay have the potential to serve as an implicit learning aptitudemeasure,
something that is urgently needed in the L2 field (DeKeyser, 2019; Skehan, 2019).

LLAMA_D AS A POTENTIAL MEASURE OF APTITUDE FOR IMPLICIT LEARNING

Previous research has consistently indicated that the three subcomponents of the LLAMA
test (B, E, and F) tend to correlate with each other, LLAMA_D is not related to any of
these measures (Artieda & Muñoz, 2016; Bokander & Bylund, 2019; Granena, 2013a,
2019). This is to be expected, given that the former three subtests involve the deliberate
study phase of linguistic stimuli. However, LLAMA_D comprises solely of a simple
exposure phase where test-takers listen to 10 sound sequences. Granena (2013a, 2019)
proposed an intriguing hypothesis that LLAMA_D can capture individual differences in
some aspects of implicit memory. According to Granena (2019), “learning conditions
created by the test are closer to implicit induction (i.e., acquiring patterns unintentionally
through exposure) than explicit induction (i.e., figuring out rules and relations)” and test-
takers respond to the test prompts based on “feelings of familiarity involving fast,
automatic processes, rather than on conscious recollection involving slow, controlled
search processes” (pp. 315�316).
This proposal is theoretically supported by the findings yielded by research on

recognition memory in the context of psychology (Eichenbaum et al., 2007; Wang &
Yonelinas, 2012; Yonelinas, 2002). Recognition memory is often measured by a judg-
ment task, similarly to the LLAMA_D test procedure, in which test-takers are required to
determine whether an item has been presented to them previously or not. Two distinct
cognitive mechanisms are stipulated to underlie recognition memory—recollection and
familiarity-based recognition. The first requires conscious retrieval of an episodic event
with detailed contextual information, whereas the second merely denotes the feeling that
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an item has been seen previously without explicitly recalling detailed contextual infor-
mation (Granena, 2019).

NEW AND OLD LLAMA_D ITEMS

The LLAMA_D test consists of 10 familiar items (all of which have been presented to
test-takers during the exposure phase) and 20 new items. In the test phase, test-takers have
to determine whether they have previously heard the word (old items) or not (new items).
Results yielded by a recent large-scale validation study conducted by Bokander and
Bylund (2019) revealed that old and new items generally loaded onto different factors,
suggesting that further exploration of the distinction between familiar and new stimuli is
warranted in the current study.

SUBJECTIVE MEASURES OF CONSCIOUSNESS: CONFIDENCE RATINGS

Several measures have been proposed for distinguishing conscious and unconscious
knowledge using subjective ratings during test performance (Rebuschat, 2013). In a
series of studies focusing on implicit learning, Dienes and colleagues have demonstrated
that unconscious knowledge can be acquired, for example, by learning grammar of an
artificial language (Dienes, 2012; Dienes & Perner, 1999; Dienes & Scott, 2005). Two
subjective methods—source attribution and confidence ratings—are typically used to
dissociate the conscious from unconscious knowledge. The latter is of particular interest
to the current study, as the participants were instructed to report their confidence levels
(e.g., highly confident, somewhat confident, not confident) for each response to a task,
such as the forced-choice judgment task. When required to provide responses based on
conscious knowledge, learners typically demonstrate higher accuracy for higher-
confidence items. In contrast, when tests tap into unconscious knowledge, above-chance
level of accurate performance can be attained even for lower-confidence items. These
findings, combined with the negative correlation between confidence level and accuracy
reported by Scott and Dienes (2010), support the existence of unconscious knowledge. In
sum, accuracy and confidence are positively correlated when responses are based on
conscious knowledge, whereas no such relationship or even a negative relationship is
expected for those tapping into unconscious knowledge. To explore the unconscious
knowledge that may or may not be acquired from the LLAMA_D, in the present study,
participants were required to report their confidence levels for each test item.

LLAMA_D INSTRUCTIONS

The instructions provided to test-takers influence the type of learning (e.g., intentional or
incidental) induced (Williams & Paciorek, 2015). When the instructions direct learners’
attention to a linguistic form that should be memorized, they are more likely to learn
intentionally. However, when the instructions are more incidental (e.g., directing atten-
tion to nontarget features) during the learning phase, learners would be less likely to
engage in conscious learning.

The LLAMA_D instructions provided in the LLAMA test manual state “your task is to
listen carefully to these words. In the test phase of the program, you will hear these words
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alongside otherwords that you have not heard before” (Meara, 2005, p. 9). In a recent study,
Saito (2017) explored the possibility of modifying the wording to render these instructions
more incidental. Thus, the modified LLAMA_D instructionsmerely stated that participants
should focus on the sound in the exposure phase, without any indication that they would be
tested later. This incidental instruction format was adopted “to respond to a concern raised
by Granena (2013b): LLAMA_D might encourage test takers to use conscious and
intentional learning strategies if they were informed that their memory was to be tested
after the listening session” (Saito, 2017, p. 689). Using the incidental instructionsmay allow
LLAMA_D to serve as an implicit learning aptitude test. As this potential has not been fully
explored yet, this gap in the extant knowledge has motivated the current study.

UTILIZING RT IN LLAMA_D AND ITS RELATIONSHIP WITH UTTERANCE FLUENCY

The most comprehensive aptitude test battery, Hi-LAB, consists of two tests—serial-
reaction time (SRT) and available long-term memory (ALTM) tasks—aimed at assessing
implicit learning aptitude (Linck et al., 2013). The two tests presumably tap into different
types of implicit (nondeclarative) memory (Granena, 2019), whereby SRT assesses the
sequence learning ability, and ALTM measures the primability. In both aptitude tests,
however, reaction time (RT) is captured to infer the implicit (unconscious) behavior (e.g.,
Nissen & Bullemer, 1987). Mere fast processing speed, however, does not guarantee that
a cognitive process is implicit (e.g.,Moors, 2016) because implicit processes should entail
a lack of awareness. By contrast, a different aspect of nondeclarative memory, that is,
proceduralization, does not require the unawareness criterion. A simpler criterion like
efficient information processing may suffice for capturing proceduralization. It thus may
be worthwhile incorporating RT in the LLAMA_D test and investigating its potential
value for assessing aptitude for proceduralization or even for implicit learning.
To assess the predictive validity of LLAMA_D, examining one facet of speaking

proficiency—utterance fluency—is useful because fluent speech requires efficient lin-
guistic encoding that is typically associated with proceduralization of the linguistic
knowledge (De Jong et al., 2013; Kahng, 2014; Kormos, 2006). Of particular interest
for the current investigation, Granena (2019) found that implicit memory (measured by
the composite score of the LLAMA_D accuracy and ALTM scores) was a significant
predictor of L2 utterance fluency (i.e., pruned speech rate per minute). In the present
study, utterance fluency (as an indicator of procedural and/or implicit knowledge) was
utilized to investigate the extent to which RT, aswell as accuracy score, in the LLAMA_D
test can predict utterance fluency measures.

CURRENT STUDY

The goal of this exploratory study is to scrutinize the construct validity of LLAMA_D as a
measure of implicit learning aptitude. To achieve this aim, the original LLAMA_D was
modified in the following respects: (a) changing instructions for incidental learning,
(b) adding confidence ratings of test responses, and (c) measuring reaction time of test
responses. The current investigation cannot be considered as a validation study of the
original LLAMA_D test; the three aforementioned modifications were made to the
original test to explore its potential and limits. Furthermore, the LLAMA_D scores were
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compared to an L2 learning outcome that is presumably tied to implicit and/or procedural
learning in the L2 acquisition context. L2 utterance fluency measures (i.e., speed and
breakdown fluency) were used as dependent variables representing implicit knowledge or
at least proceduralization underlying L2 speaking (De Jong et al., 2013; Kahng, 2014;
Kormos, 2006). The following three research questions were addressed:

1. Do the old and new items of LLAMA_D assess different aspects of sound recognition ability?
2. Are confidence ratings associated with accuracy and RT measures of LLAMA_D?
3. Is utterance fluency (proceduralization in speaking) associated with LLAMA_D accuracy and

RT measures?

METHODS

PARTICIPANTS

The study sample comprised 59 Japanese native speakers, all of whom were students
attending a private Japanese university (aged 18�22years). Their English proficiency
was estimated to range from A2 (elementary) to B1 (intermediate) level on the Common
European Framework of Reference for Languages (CEFR) benchmark. They all took the
LLAMA test individually in a quiet office.

INSTRUMENTS

Modified LLAMA_D. The original LLAMA_D was modified and programmed using
the presentation software DMDX (Forster & Forster, 2003). In line with the strategy
adopted by Saito (2017), in the LLAMA_D exposure phase, participants were instructed
to check the sound volume before they listened to 10 new words, to encourage incidental
learning. In the subsequent (unannounced) recognition test, they were required to indicate
as quickly as possible whether or not a word they heard was present in the exposure phase.
To assess unconscious knowledge that may or may not result from prior exposure,
confidence ratings were added to the test (e.g., Rebuschat, 2013). The unannounced
(surprise) test consisted of 30 items (10 of which were old and 20 were new), each of
which required participants tomake a decision (i.e., old vs. new) and provide a confidence
rating on a four-point scale (i.e., not confident at all, slightly confident, very confident,
100% confident), following the design adopted by Norman and Price (2015). Once the
participant selected a confidence rating, he/she was presented with the next test item. It is
important to note that two modifications to the instructions (i.e., checking the sound
volume and responding as quickly as possible) might influence participants’ response
behaviors, and that the need to rate one’s confidence in the given response might detract
attention and induce memory decay due to longer testing time.

All accuracy values recorded by the programwere used for further analysis. AmeanRT
was computed only for correct responses because RTs associated with incorrect responses
may not reflect the same underlying cognitive processes. In addition to the speed measure
(RT), the coefficient of variance (CV) was calculated for RTs and served as a processing
efficiency index. The CV, which is computed as the ratio of participants’mean SD of RT
and mean RT, has been widely used in cognitive psychology research when studying
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behavioral patterns of healthy individuals as well as brain-injured patients (Segalowitz &
Segalowitz, 1993). Following N. S. Segalowitz and Frenkiel-Fishman’s (2005) rationale,
RTs and CV can capture different dimensions of LLAMA_D performance, which allows
us to examine the potential links with speaking fluency measures more thoroughly. The
former simply reflects processing speed, and the latter indicates stability of processing
after correcting for processing speed.
LLAMA_B. LLAMA_B consists of a learning and a test phase and assesses the ability

to learn vocabulary in written form. In the 2-minute learning phase, participants were told
to remember 20 words associated with stimulus pictures. In the subsequent test phase,
they were required to choose a correct picture for each of these 20 words.
LLAMA_E. LLAMA_E is a sound–symbol correspondence task comprising of a

2-minute learning phase, during which participants learned to connect alphabet-like
symbols with different sounds, and a test phase, consisting of 20 two-choice questions.
LLAMA_F. LLAMA_F assesses grammatical inferencing ability. In the 5-minute

learning phase, participants were expected to infer grammatical rules by studying
20 sentences and corresponding pictures. In the test phase, they were required to
respond to forced two-choice questions. As the LLAMA_F subtest yielded relatively
lower reliability in previous research, in the present study, 15 additional items were
added in an attempt to increase the reliability (these additional items are available in the
IRIS database; see Suzuki & DeKeyser, 2017b for a similar approach). These additional
items were created based on the existing items, and the correlations of this extended
LLAMA_F with the other subtests were very similar to the ones reported in previous
studies (see Appendix C in the Online Supplementary File). Note that the LLAMA
subtests other than LLAMA_D were included in this study to check whether the current
LLAMA test results are consistent with the previous findings (i.e., descriptive statistics,
reliability, and correlations).
Speaking test. The speaking test was administered to current study participants to

measure utterance fluency, which is presumably dependent on proceduralization of L2
knowledge. The test was an oral narrative story task based on a six-frame cartoon. The
students received the following instructions: “Yesterday, you saw an event depicted in the
six-frame cartoon on the next page. You are going to explain the story to a friend who
doesn’t know the story in three minutes.” The procedure involved (a) a 3-minute planning
and (b) a 3-minute oral narration. In the planning stage, participants saw a cartoon
(prompt) along with several guiding questions and a useful vocabulary list
(13 English–Japanese word pairs) that facilitated content generation. During the oral
narration, participants were presented with the prompt only and were expected to narrate
the story in 3minutes without the aid of the guiding questions or useful vocabulary list.
While all 59 students took part in this test, due to problemswith the recording device, only
50 valid datasets were obtained and were submitted to fluency analysis.
The speech data were transcribed and analyzed using Praat software (Boersma &

Weenink, 2016). Two objective fluency measures were derived: (a) articulation rate (the
number of syllables perminute of speech, excluding pauses) as ameasure of speedfluency
and (b)mid-clause pause duration (mean duration ofmid-clause filled and unfilled pauses)
as a measure of breakdown fluency. Mid-clause pauses were used rather than clause-final
pauses, because the former are more directly related to linguistic processing difficulties
(and thus L2 proceduralization indices), whereas the latter is believed to be more
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associated with content planning, including nonlinguistic processes (Kahng, 2014, 2017;
Lambert et al., 2017; Suzuki, 2020).

RESULTS

PRELIMINARY ANALYSES

Descriptive statistics and reliability indexed by Cronbach’s alpha pertaining to all
LLAMA tests assessed in the present study are provided in Appendices A and B in the
Online Supplementary File. Although in their large-scale LLAMA test validation study
Bokander and Bylund (2019) reported the lowest reliability of all subtests for the original
LLAMA_D (.54), in the current study, an even lower Cronbach alpha (.20) for the
modified LLAMA_D was obtained. When LLAMA_D items were divided into old and
new, their respective reliability scores increased to .55 and .47.

Further preliminary analyses were conducted to check the compatibility with the
previous research findings on the construct validity of LLAMA_D. Two exploratory
principal component analyses were conducted. The obtained results broadly confirmed
that LLAMA_D loaded onto a distinct component separately from the other three
LLAMA subtests (B, E, and F). The full results are reported in Appendix C in the Online
Supplementary File.

NEW AND OLD LLAMA_D ITEMS

To explore the (old and new) item characteristics of the LLAMA_D subtest, a two-
component principal component analysis of the 30 items was conducted. Consistent
with Bokander and Bylund’s (2019) findings, new and old items clustered separately.
There were 14 items (7 old and 7 new) with ≥ .30 component loadings, whereby all
new items clustered together, and all old items were categorized as the different
component.

Mean and SD values of old and new categories (15 items for each category) are
presented in Appendix D in the Online Supplementary File. Paired-samples t-tests
revealed no significant differences in accuracy between the old and new items, t
(58) =�0.21, p= .83, Cohen’s d=�0.03. Moreover, RT was significantly faster for
the old compared to the new items with a medium effect size, t(57) =�4.50, p< .001,
Cohen’s d=�0.59. CV was also smaller, but only marginally significantly so, for the
old items than for the new items with a small effect size, t(57) =�1.87, p= .07, Cohen’s
d=�0.25.

CONFIDENCE RATING OF LLAMA_D

As many participants did not use all eight categories of responses on the LLAMA_D
test (2 [old/new]� 4 [four confidence levels]), 2� 4 repeated-measures ANOVA could
not be run (see Appendix E in the Online Supplementary File for the complete dataset).
To overcome this limitation, the four confidence levels were collapsed into two
categories (high vs. low), in line with the approach adopted byDienes and Scott (2005).
After the four confidence levels were collapsed into two categories (high vs. low), a
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2� 2 repeated-measures ANOVA was conducted on the available accuracy data
(n= 48). The assumption of sphericity was met. The analysis yielded a significant
effect of Confidence with a large effect size (see Table 1). This means that the
LLAMA_D accuracy scores were positively correlated with confidence, suggesting
that the participants demonstrated their conscious knowledge of sound sequence.
Intriguingly, an interaction between Item Type and Confidence was also significant
with a large effect size.
The Item Type�Confidence interaction is illustrated in Figure 1 where the accuracy

rates (%) of old and new items are plotted for responses for which the participants
reported higher and lower confidence. For the old items, the accuracy rate was higher
for the higher-confidence items (M=93%, SD=12%) than the lower-confidence items

TABLE 1. Results of repeated-measures ANOVA (accuracy data)

Mean square F p η²p

Item Type 0.14 2.19 0.15 0.04
Confidence 2.49 62.08 < .001 0.57
Item Type�Confidence 1.32 36.33 < .001 0.44

FIGURE 1. Accuracy rates of LLAMA_D (Item Type � Confidence).
Note: The error bars indicate 95% confidence intervals.
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(M=54%, SD=27%), t(47) = 10.02, p< .001, d=1.45. For the new items, there was no
significant difference between the higher-confidence items (M=82%, SD=27%) and the
lower-confidence items (M=75%, SD=17%), t(47) = 10.02, p= .13, d=�0.22.

Similar to accuracy data analysis, a 2� 2 repeated-measures ANOVA was conducted
on RT data (n=40). The assumption of sphericity was met. As shown in Table 2, once
again, the effect of Confidence was significant with a large effect size, suggesting that
responses in which students were more confident were providedmore rapidly. Neither the
effect of Item Type nor the interaction with Confidence was significant. Figure 2 illus-
trates that, irrespective of item type, the responses in which participants felt more
confident (Old Item:M=1,682, SD=456; New Item:M=1,727, SD=392)were provided
more rapidly than those in which the students were less confident (Old Item: M=2,456,
SD=820; New Item: M=2,482, SD=718).

TABLE 2. Results of repeated-measures ANOVA (RT data)

Mean square F p η² p

Item Type 51,600 0.14 0.71 0.00
Confidence 23,401,310 74.13 <.001 0.66
Item Type�Confidence 3,321 0.01 0.92 0.00

FIGURE 2. RT of LLAMA_D (item type� confidence).
Note: The error bars indicate 95% confidence intervals.
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RELATIONSHIP BETWEEN LLAMA_D AND UTTERANCE FLUENCY MEASURES

To examine the association of LLAMA subtest scores with objective fluency measures,
correlation coefficients were computed. None of the LLAMA subtest scores (LLAMA_B,
LLAMA_E, and LLAMA_F, as well as accuracy, RT and CV of LLAMA_D) were
significantly correlated with articulation rate or mid-clause pause duration (see Appendix
F in the Online Supplementary File). However, when the scores were recomputed
separately for old and new LLAMA_D items (see Table 3), a significant positive
relationship was found between mid-clause pause duration and CV of old items
(r= .35, p= .01). While no correction was made to the p values for these multiple
correlation coefficients to avoid reaching too conservative a decision, the magnitude of
the correlation coefficient was interpreted to be reasonably meaningful, given Li’s (2016)
meta-analysis on the association between aptitude and L2 speaking skill (r= .37).

DISCUSSION

To improve the construct validity of LLAMA_D, three research questions were posed and
the findings are summarized here. First, old items not only clustered separately from the
new items but also were responded to faster and more stably. Second, higher confidence
ratings were associated with higher accuracy and faster RTs, suggesting that learners were
applying conscious (explicit) knowledge in the test. Last, old item recognition efficiency
was related to an aspect of oral fluency (i.e., mid-clause pause duration).

THE NEED FOR CLARIFYING THE APTITUDE CONSTRUCT MEASURED BY LLAMA_D

Based on the positive relationship between confidence ratings and test performance
(Dienes, 2012; Dienes & Perner, 1999; Dienes & Scott, 2005), the validity of LLAMA_D
as an implicit aptitude measure is challenged, countering the arguments put forth by
Granena (2013a, 2019). Item recognition presumably requires (conscious) recollection of
previously encountered stimuli (Eichenbaum et al., 2007; Wang & Yonelinas, 2012;
Yonelinas, 2002). Conscious recognition memory is supported by parts of the medial
temporal lobe, including the hippocampus, which is closely related to the declarative
memory system (Eichenbaum et al., 2007). If LLAMA_Dmeasures conscious recognition
memory, it can simply be a measure of declarative–explicit rather than implicit memory.
By contrast, the CV for RT may be worthy of further exploration as a potential

measure of proceduralization (consolidating linguistic constructions for more fluent
use). Proceduralization is often equated with implicit learning (e.g., Skehan, 2019),

TABLE 3. Pearson’s correlations between LLAMA_D scores and fluency measures

Accuracy RT CV

Old New Old New Old New

Articulation rate .02 .01 �.05 .10 �.11 .20
Mid-clause pause duration .04 �.20 .14 �.06 .35* �.05

*p < .05
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whereby it would indicate speed and efficiency of L2 knowledge and skill usage.
However, these phenomena are distinct, as implicit learning should take place without
conscious awareness, whereas proceduralization does not necessarily require the
unawareness criterion. Consequently, instead of focusing on aptitude for implicit
learning in the narrow sense of its definition, it is argued that an aptitude test like
LLAMA_D can be seen as a measure of a memory-based, procedural system
(Buffington & Morgan-Short, 2019; Henke, 2010). This characterization of procedur-
alization is compatible with one of the skills examined in this study, that is, oral
fluency. The current findings indicate that CV was significantly, albeit weakly, related
to mid-clause pause duration in L2 speech, which presumably reflects proceduraliza-
tion of linguistic formulations, such as lexical retrieval and grammatical encoding
(De Jong et al., 2013; Kahng, 2014; Kormos, 2006). LLAMA_D may, therefore, tap
into the ability to accurately recognize a sequence of words, as well as the ability to do
it quickly and, perhaps more importantly, efficiently, which may play a pivotal role in
L2 proceduralization. Owing to the nature of this exploratory study, this interpretation
of this modified LLAMA_D as a measure of aptitude for proceduralization remains
speculative. However, given the dearth of aptitude measurements for proceduralization
and its importance for L2 learning (DeKeyser, 2019; Skehan, 2019), it is hoped that
this tentative interpretation can stimulate future pursuit of this line of thinking.

FUTURE DIRECTIONS: A PROPOSAL FOR REDESIGNING LLAMA_D FOR MEASURING

PROCEDURALIZATION APTITUDE

In the current study, the impact of several modifications to the original LLAMA_D was
explored. To extend LLAMA_D as a proceduralization aptitude measure, four key issues
must be overcome. First, the incidental instructions (e.g., Saito, 2017) resulted in a much
lower internal consistency of LLAMA_D compared to that reported in previous research
using the original instructions. Because the instructions for incidental learning seem to
lower the test reliability, instructions for intentional learning are preferable. Theoretically,
the intentional instructions are also compatible with the idea of proceduralization con-
ceived as a deliberate learning (DeKeyser, 2015).

Second, although old item recognition accuracy was significantly correlated with
confidence ratings, the same did not apply for new items. Consistent with the results
reported by Bokander and Bylund (2019), systematic differences between old and new
items were detected using multiple methods (confidence rating, reliability analysis,
principal component analysis). These findings suggest that familiar and new items tap
into distinct underlying abilities. Thus, rather than using a composite score, scores should
be reported separately for new and old items, provided that a sufficient number of test
items is available to ensure high internal consistency. Possibly, signal detection theory
(Green & Swets, 1966) can be applied to compute the number of “yes” responses to new
items (i.e., “false alarm” rate), as this was purported to serve as a useful index of
familiarity memory, as opposed to recognition memory (see Yonelinas, 2002 for more
details).

Third, the current study findings indicate that RT and CV can potentially be used as
useful indicators of individual differences in aptitude for proceduralization. As RT is
utilized in the existing implicit learning aptitude tests (SRT and ALTM tasks), the
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usefulness of RTmeasures for aptitude test construction should be explored further, given
its extensive use in psycholinguistic L2 research (Jiang, 2011; Suzuki, 2017).
Last, researchers can consider increasing the number of exposure and test items; a

greater number of test items would increase test reliability. Because proceduralization
requires repeated practice and long-term L2 use, it may also be worth creating multiple
learning sessions (Skehan, 2019), instead of a single 10-item exposure phase.

CONCLUSIONS

The findings yielded by this exploratory study cast doubt on the validity of LLAMA_D as
a measure of implicit aptitude. It is therefore proposed that LLAMA_D be construed as a
measure of aptitude for proceduralization in the domain of L2 acquisition
(i.e., consolidating linguistic constructions for more fluent L2 use).Moreover, four design
features of LLAMA_D need to be modified to improve and refine the target construct of
the test. Further development and expansion of the LLAMA_D test is thereforewarranted.

SUPPLEMENTARY MATERIALS

To view supplementary material for this article, please visit http://dx.doi.org/10.1017/
S0272263120000704.
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