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Abstract: L2 words vary in how hard they are to learn and how quickly they are
forgotten. This study explored two factors that may contribute to this variance: form
presentation mode and language learning aptitude. English learners studied 32
words using electronic flashcard software in two conditions: unimodal (written
form) and bimodal (spoken and written form). The frequency of exposure needed to
learn each word was measured and used to determine learning burden. Learners, L2
users of English studying at a British university, completed immediate and two-week
delayed tests, which were used to track any decay that occurred. Aptitude was
measured using the LLAMA battery and incorporated into statistical modelling. The
results showed that form presentation mode (bimodal > unimodal) and some aspects
of aptitude impacted learning. No effects were found on decay. Pedagogical impli-
cations are discussed.

Keywords: vocabulary; learning burden; lexical decay; form presentation mode;
language learning aptitude; flashcard software

1 Introduction

L2 vocabulary acquisition is influenced by various factors (Laufer 1997). These
factors contribute to the learning burden of a word, making acquisition easier
or more challenging for a learner. Although much is known about certain factors,
there are others about which we currently know very little. Examples include form
presentation mode and language learning aptitude. Word form is a crucial aspect of
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vocabulary knowledge that can be problematic for learners (Barcroft 2002, 2015).
Word form can be presented via spoken and/or written modes, but to date limited
research has investigated the comparative efficacy of these unimodal (i.e., written or
spoken form) and bimodal (i.e., written and spoken form) conditions. Similarly,
aptitude is a key individual difference (Dérnyei 2005; Williams and Burden 1997) that
plays a crucial role in L2 acquisition (Li 2016). Research has considered its influence
on certain aspects of L2 ability, but the relationship between aptitude and vocabulary
learning has been relatively unexplored by studies to date. Certain factors can also
impact the speed with which accrued L2 vocabulary knowledge decays (de Groot and
Keijzer 2000). Lexical decay refers to the forgetting of L2 linguistic knowledge by
healthy individuals in contexts of continued exposure to the target language (Barclay
2021; Barclay and Pellicer-Sanchez 2021). In vocabulary studies literature, limited
research attention has been given to factors affecting decay, even though preventing
such loss should, at least in part, shape most pedagogical decisions (Schmitt 2010).
The current study investigated the impact of form presentation mode (i.e., bimodal v
unimodal) and aptitude on the learning burden and subsequent decay of novel
lexical items.

2 Background
2.1 Learning burden

The term learning burden describes the difficulty with which a word is acquired
(Laufer 1997). Several factors combine to determine a word’s burden, with models of
burden typically including word, context, and learner-related variables (e.g., Higa
1965; Peters 2020). Understanding the contribution of these factors is important as it
can help explain differential attainment and allow pedagogical stakeholders to build
maximally efficient learning programmes. Studies have found that some factors lead
to a heavier learning burden, slowing the learning process, while other factors ease
the learning burden, leading to faster learning (see Peters 2020 for an overview).
Learning burden is an amalgam of different factors that dynamically interact in
complex ways. Crucially, therefore, burden does not exist in an absolute sense, but
varies by-item and by-learner (Higa 1965).

Burden has generally been measured using a gains-based approach, which
considers the number of target items learned during a fixed period of exposure, with
more learning associated with less burden. However, some, although comparatively
fewer, studies have employed a frequency-based metric, which considers the
number of exposures needed for learning, with more exposures associated with a
heavier burden (Barclay and Pellicer-Sanchez 2021; Higa 1965; Tinkham 1997; Waring
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1997). Recent research has argued that a frequency-based approach is preferrable as
it allows burden to be operationalised as a by-item, by-learner construct, whereas in
gains-based approaches, responses are typically averaged across a group of learners
or set of words (Barclay 2021). Furthermore, controlling exposure frequency, as is the
case with a gains-based approach, may mean that some learners receive more ex-
posures than they need to encode a target item and engage in retrieval. Studies
indicate that retrieval frequency is linked to enhanced retention (Baddeley 2013;
Karpicke and Roediger 2008; Royer 1973), suggesting that a gains-based approach
may be inappropriate for an investigation that considers decay. The current study
employed a frequency-based approach to investigate the contribution of presenta-
tion mode and aptitude to the learning burden of novel vocabulary.

2.2 Lexical decay

Research has shown that L2 lexical knowledge can be forgotten over a retention
interval (Beaton et al. 1995; de Groot and Keijzer 2000; Ellis and Beaton 1993). Decay
refers to the forgetting of accrued lexical knowledge despite continued contact with the
target language. In experimental settings, loss is generally understood by comparing
knowledge prior to (i.e, an immediate test) and following (i.e., a delayed test) a
retention interval. In vocabulary research, although many studies have included
delayed tests, research to date has generally focused on learning rather than loss; in
fact, limited systematic consideration has been given to lexical decay to date.

The few studies that have considered this area suggest that, like burden, decay
rates are impacted by several factors. Research has considered word, context, and
learner variables, again finding that some factors are associated with decay, either
speeding up or slowing down the rate of forgetting (e.g., cognateness - de Groot
2006; de Groot and Keijzer 2000; concreteness - Marefat and Rouhshad 2007;
instructional method - Ellis and Beaton 1993; language distance - Hansen 2011;
proficiency - Hansen 1999; Hansen et al. 2002; word length - Ellis and Beaton 1993;
Tehan and Tolan 2007), while other factors seem less impactful (e.g., vocabulary
size — Author). Interestingly, learning burden is associated with decay, with words
that pose more burden more likely to be forgotten (Bahrick and Phelps 1987;
de Groot 2006), speaking to the importance of considering learning burden in
investigations of decay. Crucially however, few factors have received research
consideration, and little is currently known about why some words seem to be
forgotten faster than others, or why some learners appear to be more susceptible to
loss. Two factors that could potentially impact the decay rate are the manner in
which target items are presented to learners (Hill 1994) and learner aptitude
(Bylund et al. 2009), the foci of the current study.
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2.3 Form-presentation mode

Word form is a superordinate term consisting of spoken and written forms. The
spoken form relates to the pronunciation of a word, while the written form relates to
its spelling (Nation 2013). Independent presentation of the written or the spoken form
is known as unimodal form presentation, while simultaneous presentation of the
written and spoken forms constitutes bimodal form presentation. Within English
language teaching (ELT), bimodal form presentation is generally preferred to
unimodal presentation. It is recommended by teacher trainers (Scrivener 2011;
Thornbury 2002; Ur 2010), and on teaching qualifications such as the Certificate in
English Language Teaching to Adults (Thornbury and Watkins 2007); however,
empirical research in this area is sparse.

Studies have shown that both unimodal written (Ebbinghaus 1885; Elgort 2011;
Elgort and Piasecki 2014; Laufer and Shmueli 1997; Nakata 2015) and unimodal
spoken (Bisson et al. 2015; Rodgers 1969) form presentation can facilitate L2
vocabulary learning. Although comparatively few studies have investigated
bimodal form presentation, research suggests that it is also effective (Sandberg
et al. 2011; Webb and Chang 2012). An obvious question to ask therefore, is which
form presentation method is most beneficial for learning. Surprisingly, there have
been few systematic comparisons of unimodal and bimodal form presentation
methods in intentional learning contexts.

In one such study, Lado et al. (1967) compared unimodal and bimodal form
presentation on the intentional learning of L2 Spanish by L1 English university
students. Words were presented in various modality combinations (i.e., spoken
only, written only, spoken before written, written before spoken, and simultaneous
spoken and written), with 20 items presented in each condition. Results (meaning
recall) showed the spoken only condition was least effective, the simultaneous
spoken and written condition was most effective, and no difference was found
between the other conditions. However, although the results supported the use of
bimodal form presentation, there may have been a confounding item effect due to a
lack of counterbalancing.

Hill (1994) also investigated this area, with L1 Cantonese learners of English
studying target words in one of two conditions. All participants saw the written
form, the phonetic transcription, an L1 equivalent, and an L2 definition with the
experimental group additionally exposed to the spoken form of the target items.
Results (spoken and written form recall) showed that the bimodal group had higher
short-term and long-term gains in terms of spoken form knowledge. However,
using the phonetic transcription in the written-only condition indirectly presented
the spoken form to learners, blurring the lines between the two modalities.
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Thus, although there is some evidence pointing to a positive effect of bimodal
form presentation, this claim is based on limited evidence. Additionally, research to
date has considered learning gains, while other metrics (i.e., learning burden) are
perhaps better suited to evaluating the effect of different factors on the learning
process. One study, Tinkham (1997), did consider the differential learning burdens
of spoken and written unimodal form presentation modes, finding an advantage
for written presentation; however, no comparison was made with bimodal form
presentation and thus this question remains unanswered. Furthermore, although
some studies have included delayed posttests (Hill 1994), no systematic consider-
ation of the effect of presentation mode on lexical decay has been undertaken.
Finally, studies to date have investigated form presentation mode in isolation, but
as burden can vary from learner to learner (Higa 1965), any effect could be regu-
lated by individual variables, speaking to the importance of considering the
interaction between form presentation mode and potentially impactful learner
variables. The current study met these gaps by using a flashcard learning platform
to compare unimodal written and bimodal form presentation. The unimodal
written condition was chosen as it is commonly used with paper flashcards and is
often the default option on electronic flashcard platforms. The individual variable
language learning aptitude was measured, and the interaction between aspects of
aptitude and form presentation mode was modelled.

2.4 Language learning aptitude

Despite similar input, L2 learners differ both in the speed and the extent of
linguistic mastery (Carrol and Sapon 1959). This asymmetry can partly be explained
by language learning aptitude. Aptitude is “a specific talent for learning foreign
languages which exhibits considerable variation between individual learners”
(Dornyei and Skehan 2003: 590). It relates to the time needed to complete learning
tasks, with learners of higher aptitude needing less time to complete learning tasks.
It also impacts the extent of acquisition that occurs given equitable learning and
motivational conditions; meaning that comparatively able learners can acquire
more language knowledge in a given timeframe (Carroll 1990). As it impacts the
rate and extent of learning that occurs, it is an important variable in SLA (Skehan
1989).

Aptitude is generally understood as a multi-componential construct (Carroll
and Sapon 1959; Granena 2014; Sternberg 2002); an amalgam of different cognitive
and perceptual abilities. The specific cognitive variables included in an aptitude
complex vary between constructs and measurement instruments, and are influ-
enced by developments in cognitive psychology and differing test purposes. The
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research presented in this paper considered associative memory capacity, i.e., the
abhility to associate a form with a label and retain this information (Carroll and
Sapon 1959), sound recognition, i.e., the recognition of repeated spoken forms (Saito
2017), and phonetic coding ability, i.e., the capacity to distinguish specific sounds, to
associate sounds with their written symbols, and to retain these associations (Carroll
and Sapon 1959). The first relates to vocabulary learning (Granena and Long 2013)
and the latter two aspects to spoken stimuli, which could potentially impact learning
in bimodal presentation, speaking to a potential relationship between the target
variables of this study.

For many years, aptitude research was marginalised as it was associated
with structural approaches and considered less relevant to the communicative L2
classroom (Skehan 2002). In recent years, however, there has been a renaissance in
this area (Wen et al. 2017), due, in part, to the availability of convenient measurement
instruments (e.g., Meara 2005) and advances in cognitive psychology (Granena 2014).
Research has shown that aptitude is related to language learning in L1 (Dérnyei 2005;
Engel de Abreu and Gathercole 2012) and L2 (Ehrman and Oxford 1995; Granena 2014;
Li 2016; Ortega 2009) and studies have found a connection between aptitude and
specific aspects of L2 knowledge, with pronunciation (Granena and Long 2013; Saito
2019) and grammar (Granena 2014; Yalcin and Spada 2016) in particular receiving
attention.

However, fewer studies have investigated the relationship between aptitude
and L2 vocabulary acquisition. Granena and Long (2013) investigated the effect of
age of onset, length of residence in the L2 context, and aptitude (vocabulary
learning, grammatical inference, sound-symbol correspondence, and sound
recognition) on the attainment of L2 phonology, vocabulary, and morphosyntax.
The results indicated that, in general, aptitude (a composite of the different aspects)
was strongly associated with the attainment of lexical knowledge in late-onset
bilinguals (r = 0.59). In particular, phonological short-term memory and phonetic
coding ability were strongly correlated with vocabulary learning. In his meta-
analysis, Li (2016) found positive correlations between vocabulary learning and
overall foreign language aptitude (r = 0.15). Additionally, he reported moderate
correlations between vocabulary acquisition and associative memory capacity
(r = 0.20) and phonetic coding ability (r = 0.38). Furthermore, Engel de Abreu and
Gathercole (2012), investigating L2 acquisition with L1 Luxemburgish children aged
seven to eight years old, found that phonological short-term memory (not consid-
ered in Li’s meta-analysis) was also moderately associated with L2 vocabulary
learning.

Thus, research has demonstrated that greater aptitude is associated with more
successful L2 acquisition and various aspects of the aptitude complex are more or
less strongly associated with the learning gains of different linguistic domains.
Studies to date suggest that aptitude is positively correlated with vocabulary
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acquisition; however, due to the paucity of studies linking aptitude with lexical
acquisition, more evidence is needed. Motivation for the focus on aptitude in this
paper stemmed from limitations not only in the quantity, but also the nature of
research conducted to date. Investigations have generally looked at the relationship
between vocabulary knowledge and aptitude, using this comparison to infer the
effect of aptitude on the process of vocabulary learning (e.g., Granena and Long 2013).
In such studies, a positive relationship between vocabulary knowledge and aptitude
is typically used to argue that higher levels of aptitude led to faster learning. How-
ever, as correlations of attainment and aptitude may be impacted by confounding
factors such as the amount of effort expended by a learner, it is important also to
investigate the relationship between aptitude and the effort required to learn L2
lexical items. The current study addressed this gap by considering the relationship
between components of aptitude and learning burden.

While some research attention has been given to the effects of LLA on
vocabulary learning, it may be the case that LLA also impacts a learner’s ability to
retain accrued vocabulary knowledge. This points towards a potential relationship
between LLA and language decay; however, research evidence in this respect
is scarce. One of the few studies in this area investigated the attrition of L1
morphosyntactic knowledge (Bylund et al. 2009). A comparison of aptitude data
with grammaticality judgement tasks indicated that aptitude was negatively
associated with the maintenance of L1 morphosyntactic knowledge; attriters
with above-average aptitude showed better retention of L1 structures than
those with comparatively less aptitude. Based on these data, the researchers
suggested that aptitude can offset the impact of reduced target-language exposure
and argued that, given this effect, “it may be valuable to continue exploring the
role of aptitude in attrition” (Bylund et al. 2009: 459). Although investigating
implicit knowledge of L1, one of the goals of this paper is to investigate whether
language aptitude plays a similarly preventative role in the decay of L2 lexical
knowledge.

2.5 This study

Few investigations have considered the effect of form presentation mode and

language learning aptitude on the learning burden and decay of L2 vocabulary

knowledge. The current investigation addressed these issues by considering the

following research questions:

1. To what extent is the learning burden of L2 vocabulary affected by form
presentation mode and aspects of language learning aptitude?

2. To what extent is the decay of L2 vocabulary knowledge affected by form pre-
sentation mode and aspects of language learning aptitude?
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Adult learners of English studied 32 lexical items using electronic flashcard software,
with target word form presented in one of two conditions: unimodal written and
bimodal. Learners interacted freely with the software, seeing each item as many
times as necessary to correctly type the form twice. The frequency of exposure to
each item was recorded and taken as the metric of learning burden. Target item
knowledge was measured immediately after completion of the learning procedure
and after a delay of two weeks. Decay was calculated by comparing target item
knowledge on these assessments. Aspects of LLA were measured using the LLAMA
(Meara 2005) battery and included in statistical models of learning burden
(i.e., frequency of exposure) and decay.

3 Methodology
3.1 Participants

Participants (NV = 58; 11 male, 47 female) were L1 Chinese (n = 28), Vietnamese (n = 21),
and Thai (n = 9) students enrolled on an English for Academic Purposes course at a
British university. Bilingual versions of the Vocabulary Size Test (Chinese: Nation
n.d.; Vietnamese: Nguyen and Nation 2011; Thai: Nirattisai and Palanukulwong 2016)
were administered, with results showing that learners had an average vocabulary
size of 6,886 word families (SD = 1228.1). Although it is challenging to relate these
scores to established proficiency levels (Wolter and Gyllstad 2013), Milton’s (2010)
findings suggest these learners had C1 proficiency, and thus were rather advanced.
Learners also rated their proficiency in each of the four skills using a ten-point scale
(one = extremely poor, almost no knowledge; ten = extremely good, almost native
like). The mean scores were reading 6.47 (SD = 1.43); writing 5.24 (SD = 1.32); listening
6.50 (SD = 1.55); speaking 6.21 (SD = 1.45), again suggesting that the participants were
somewhat advanced language learners. The participants had lived in an English-
speaking environment for an average of 4.69 months (SD = 5.62 months), had studied
English for an average of 11.75 years (SD = 5.67 years), and the average first contact
with English was at 8.24 years old (SD = 3.12 years).

3.2 Learning software and target items

The target items from Barclay and Pellicer-Sanchez (2021) were used. Low frequency
items were sampled from a frequency-based list compiled from the British National
Corpus and the Corpus of Contemporary American English (Nation 2012). In total, 32
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items were selected from the tenth and eleventh one-thousand-word bands con-
trolling for referent familiarity, morphological transparency, and concreteness.
They varied in length (number of letters) and part of speech (nouns and verbs). Prior
to the study, two L1 Chinese, Vietnamese, and Thai speakers highly proficient in
English confirmed that none of the target items were loanwords in the participants’
L1s. Upon completion of the study, participants completed a checklist instrument to
indicate prior knowledge of the target item and any exposure to an item during the
study. Checked items were removed from analysis on a by-learner basis.

Due to the multilingual nature of the participants, L2 definitions were used to
convey target item meaning. The definitions were graded so that the definitional
language came from the most frequent 2,000 word families. Definitions were taken
from Barclay and Pellicer-Sanchez (2021), where learners of lower proficiency than
the current study reported that all definitions were comprehensible, and all defi-
nitional vocabulary was found to be unproblematic. Therefore it was highly probable
that the more advanced participants knew the definitional vocabulary in the current
study. To confirm this assumption, upon completion of the study, participants were
asked to comment on the comprehensibility of each definition. No student reported
difficulty. The target items and definitions are presented in Appendix 1.

The free flashcard platform Anki was used to present the target words, with
items organised into decks of eight words. Studies have shown that electronic
flashcards lead to sizable learning gains (Hung 2015; Nakata 2016) and are popular
with learners (Hung 2015; Stroud 2014). Importantly, Anki allows items to be pre-
sented in both written and spoken form, facilitating the comparison of unimodal and
bimodal conditions. Additionally, it provides data on the frequency of encounters
that each participant has with each item. This metric was used to measure learning
burden, with items that required more exposures to learn posing greater burden
than items requiring fewer exposures.

In the unimodal condition, learners were presented with the written form only,
while in the bimodal condition, the written form was followed by the spoken form
after 400 ms. Initial piloting with ten participants of similar characteristics to the
participants of the main study confirmed that learners were comfortable with this
length of delay. The spoken forms were recorded by a professional voice actor and
subsequently checked for intelligibility by an L1 speaker of English.

The flashcards were set up productively, with learners producing the target
form to match a given meaning. After production, learners saw the correct form and
were given feedback on the accuracy of their response. They then evaluated their
production using three options: Again, Good, and Easy. Again was used when a
learner had incorrectly produced or did not know a target form, Good when alearner
had accurately produced a target form, and Easy when an item was known to a
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learner prior to starting the experiment. The study employed a dropout procedure
(Bahrick and Phelps 1987); when an item had been rated Good twice, it was removed
from the item pool. In practice, a learner would be expected to select Again initially
and then Good as their knowledge of a target item developed. The keystroke logging
software InputLog (Leijten and Van Waes 2006), which records writing activity as
text is composed on a computer (Spelman Miller and Sullivan 2006), was used to
confirm the accuracy of these self-evaluations. A random sample of ten participants
was used to confirm the validity of the self-report evaluation data, involving 3104
observations. For each learner, the key-stroke logging data was manually inspected
and compared to the self-report evaluations. This showed that 99 % of evaluations
were accurate, demonstrating that in the vast majority of cases, learners accurately
evaluated their production.

3.3 Instruments
3.3.1 Immediate and delayed instruments

Tests of form recall and recognition were administered immediately after learning
and once again after a two-week retention interval. Lexical decay was determined
by comparing these tests, with items correctly answered on the immediate but not
on the delayed test taken as having decayed. For form recall, learners saw the
definition and typed the target form. Initial letter prompts were not provided, so this
was a stricter measure of recall than some other studies (Laufer and Rozovski-
Roitblat 2015) although minor spelling mistakes were accepted. The form recognition
instrument consisted of multiple-choice items, with the key, three distractors, and an
I don’t know option to reduce guessing. Distractors were selected from the target
item pool and an additional pool of non-target items matched with the target items
for word class, length, and frequency.

Each instrument contained 40 items: the 32 target items and an additional eight
novel items included to examine test effects. The test was adaptive; any item
correctly produced on the form recall instrument was omitted from the form
recognition test. This was to avoid giving positive feedback on learned knowledge
that might have biased the delayed test. On the delayed administration of the in-
strument following a two-week interval, the order in which the target items were
presented was varied, but otherwise the instruments were identical. Sample items
are given in Appendix 2 and complete tests are available at: https://www.iris-
database.org.
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3.3.2 Language learning aptitude

Three tests from the LLAMA battery (Meara 2005) were employed: LLAMA_B,
considered a measure of associative memory capacity; LLAMA_D, considered
a measure of sound recognition; and LLAMA_E, considered a sound-symbol
correspondence task measuring phonetic coding ability. These tests were chosen as
their associated constructs were directly relevant to lexical acquisition and the foci
of this study. LLAMA B, for example, is considered to be a measurement of
intentional vocabulary learning (Meara 2005), while LLAMA_D and LLAMA_E are
thought to consider a learner’s capacity to remember sound and associate it with
written symbols, which may have impacted learning in the bimodal condition. For
examples of second language acquisition research employing this test battery see
Granena and Long (2013) and Saito (2017). Each test has a maximum score of one
hundred.

Kolmogorov-Smirnov tests with the Lilliefors correction showed that the data
were not normally distributed (LLAMA B: p = 0.04; LLAMA D: p = 0.05; LLAMA
E: p. = 0.01), and so it was necessary to split participants into groups. A median split
was conducted, with participants equal to or above the median allocated to a high
group and those below the median placed into a low group. Separate splits were
performed for each aspect of aptitude.

— Associative memory capacity: Mean = 47.46 (SD = 21.12). Median = 45. High

(range = 45-95) n = 33. Low (range 10—40) n = 25.

—  Sound recognition: Mean = 28.66 (SD = 14.93). Median = 30. High (range = 30-60)

n = 31. Low (range = 0-25) n = 27.

—  Phonetic coding ability: Mean = 72.00 (SD = 22.17). Median = 70. High (range = 10-65)

n =36 | Low (range = 10-65) n = 22.

These values approximated the findings of Bokander and Bylund (2019), who
administered the LLAMA instrument to 350 participants with different L1s, reporting
the following mean scores: LLAMA B =50.13; LLAMA D =29.66; LLAMA E = 69.29. Thus,
the values employed in the present study were largely in line with those of previous
research involving learners from diverse contexts.

3.4 Procedure

The study was run in accordance with ethical approval and participants completed
the approved consent form before taking part in the study. The study took place over
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three sessions. In the first session, learners were inducted into the use of Anki and
studied the 32 target items using the flashcard software in a computer room, with
computers separated by partitions. Learners used headphones and the volume was
checked prior to beginning the learning procedure. There was no time limit and
learners worked at their own pace. The software was set up so that all words in a
deck were presented either unimodally or bimodally. A within-participant counter-
balanced design was employed. Half the participants learned the target words in a
deck via unimodal form presentation and the other half through bimodal form
presentation. Decks were ordered so that the form presentation condition alternated
between decks. Additionally, the order in which the learners engaged with the decks
varied by session. 32 learners were randomly assigned to the unimodal first group
and 26 to the bimodal first group. Throughout the session, learners were monitored
and could ask procedural questions.

Session Two took place the next day and consisted of studying the 32 target
items and the immediate administration of the form recall and recognition tests.
Completion of these instruments marked the onset of the retention interval.

Session Three took place two weeks later and began with administration of the
delayed test. Once again, there was no time limit and participants worked at their
own pace. Following completion of this instrument, a checklist instrument was
conducted to determine prior knowledge of the target items and any intersessional
item engagement. Next, learners completed the VST. Finally, an instructional LLAMA
video was shown, and learners worked through the three tests. Each session lasted
approximately 1h. The procedure is summarised in Figure 1.

3.5 Data analysis

Prior to analysis, the data were trimmed using a checklist instruments of prior
knowledge and intersessional exposure. Additionally, items which the frequency of

Y ) NV
Day 1 Day2 Day 16
Induction Flashcard Delayed test (items 1-
+ learning 2 40)
(items 1-32) +
Consent form .
N + Bilingual VST (1k-8k)
Immediate test +
Flashcard learning 1 (items 1-40) )
(items 1-32) LLAMAB, D, E
+
Checklist instrument of
prior knowledge and
intersessional exposure

/e

Figure 1: An illustration of the research design.
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exposure data showed had been viewed only twice were removed. This procedure
was adopted as two exposures equated to a learner selecting Easy during both
Session One and Session Two, which they were instructed to do if they were
familiar with an item. In total, 5% of data points were removed across the cohort.
Therefore, only novel items were included, as measured by the software and the
checklist. Following this initial trimming, the frequency of exposure data were
winsorised to mitigate the impact of outliers (Field et al. 2018).

The immediate and delayed tests contained eight items included to measure a
test effect. These data were compared to determine the amount of learning that
occurred from interaction with the target language on the immediate test. The results
indicated that no learning occurred at the form recall level and minimal learning
took place at the form recognition level (immediate test: m = 2.24 [SD = 1.84]; Delayed
test: m = 3.04 [SD = 1.82]).

Data analysis was conducted in the statistical platform R (2016). Prior to
statistical modelling, all continuous variables were log transformed. To determine
the effect of the target variables on learning burden, a series of linear mixed effects
models were computed using lme4 (Bates et al. 2015).

To investigate Research Question 1, separate models were calculated for fre-
quency of exposure at the recall and recognition level. Importantly, only frequency
data of items for which knowledge was demonstrated on the immediate test were
included; for example, the form recall analysis only considered items for which
knowledge was demonstrated at the level of form recall. The most parsimonious
model was determined by a backward elimination procedure. The following re-
gressors were fitted: form presentation mode, part of speech, word length, the VST
score, L1, L3, familiarity with flashcards, group, LLAMA B, LLAMA D, LLAMA E. The
inclusion of covariates was informed by previous research (de Groot 2006; de Groot
and Keijzer 2000; Ellis and Beaton 1993; Lotto and de Groot 1998). Additionally, the
interactions between form presentation mode and the three dimensions of aptitude
were included in analysis. This facilitated consideration of the possible moderating
role of aptitude on the efficacy of form presentation mode.

To answer Research Question 2, Generalised Logistic Mixed Effects Models were
fitted to the delayed test data set. Logistic models were fitted because the outcome
variable was binomial: a correct or an incorrect answer on the delayed test. Separate
models were fitted to the recall and recognition data sets. Importantly, only those
items shown to have been learned on the immediate test were included in the
analysis. The best-fitting models were again determined by backward-elimination
involving comparison of iterative models to establish the most parsimonious model.
The following covariates were included in the maximal model: form presentation
mode, PoS, word length, VST score, L1, L3, familiarity with flashcards, group, LLAMA
B, LLAMA D, LLAMA E. Interactions between aptitude and form presentation mode
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Table 1: Descriptive statistics (means with SD in parentheses) for the Immediate Test (Score) and
frequency of exposure (Frequency) by mode of form presentation.

Unimodal Bimodal Total

Score  Frequency Score  Frequency Score  Frequency

Form recall 12.09(3.88) 837(3.98) 11.97(3.97) 8.08(3.59) 24.05(7.29) 8.23(3.79)
Formrecog. 14.66(2.38) 8.86(4.49) 14.05(3.06) 854(4.26) 28.71(5.09)  8.69(4.78)

were also included in analysis. Additionally, the learning burden (i.e., frequency of
exposure during learning) was included in the decay analysis as previous research
has shown a relationship between the difficulty of learning and the probability of
decay (de Groot and Keijzer 2000).

4 Results

This section first presents results relevant to the impact of form presentation mode
and aptitude on learning burden (Research Question 1) and subsequently considers
the role of these variables in the process of lexical decay (Research Question 2).

4.1 Learning burden

Results of the form recall and recognition analysis are presented in turn. Descriptive
statistics for the frequency of exposure needed to learn the target language are
presented by condition in Table 1.

Descriptive statistics for the three aptitude tests were as follows: Associative
memory capacity — M = 47.46 (SD = 21.12); Sounds recognition — M = 28.66 (SD = 14.93);
Phonetic coding ability — M = 72.00 (SD = 22.17). Tables 2-4 display descriptive

Table 2: Descriptive statistics (means with SD in parentheses) for the Immediate Test (Score) and
frequency of exposure (Freq.) by mode of form presentation and associative memory capacity.

Unimodal Bimodal Total

n Score Freq. Score Freq. Score Freq.

Formrecall BHigh 33 13.00(2.90) 7.54(3.66) 12.82(3.20) 7.26(3.07) 21.72(8.54) 7.40(3.38)
Blow 25 10.88(4.67) 9.67(4.12) 10.84(4.64) 9.36(3.96) 25.82(5.70) 9.52(4.04)
Formrecog. BHigh 33 14.73(2.47) 7.81(3.98) 14.36(2.90) 7.68(3.81) 29.09(5.10) 7.75(3.99)
Blow 25 14.56(2.31) 10.20(4.74) 13.64(3.26) 9.73(4.55) 28.20(5.14) 9.99 (4.65)
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Table 3: Descriptive statistics (means with SD in parentheses) for the Immediate Test (Score) and
frequency of exposure (Freq.) by mode of form presentation and sound recognition.

Unimodal Bimodal Total

n Score Freq. Score Freq. Score Freq.

Formrecall D High 31 12.90(3.21) 7.78(3.35) 12.61(3.57) 7.84(3.29) 22.37(8.31) 7.81(3.32)
DLlow 27 11.15(4.40) 9.15(4.58) 11.22(4.34) 8.39(3.94) 25.52(6.47) 8.77 (4.28)
Form recog. D High 31 14.90(2.23) 8.19(3.83) 14.52(3.05) 8.32(4.07) 29.42(4.91) 8.25(4.37)
DLlow 27 14.37(2.56) 9.65(5.05) 13.52(3.03) 8.81(4.52) 27.89(5.26) 9.24(5.19)

Table 4: Descriptive statistics (means with SD in parentheses) for the Immediate Test (Score) and
frequency of exposure (Freq.) by mode of form presentation and phonetic coding ability.

Unimodal Bimodal Total

n Score Freq. Score Freq. Score Freq.

Formrecall EHigh 36 12.56 (3.55) 7.66(3.25) 12.58 (3.37) 7.64(3.19) 22.27 (8.31) 7.65(3.22)
Elow 22 11.32(4.34) 9.65(4.79) 10.95(4.72) 8.91(4.14) 25.14(6.47) 9.28 (4.51)
Form recog. EHigh 36 14.89(2.15) 8.20 (4.00) 14.42(2.88) 7.96 (3.64) 29.31(4.86) 8.09 (4.25)
Elow 22 14.27(2.73) 9.96(5.03) 13.45(3.31) 9.54(5.01) 27.73 (5.42) 9.76 (5.45)

statistics for learning burden by condition and the three aspects of language learning
aptitude.

The best-fitting model for form recall is presented first followed by form
recognition (see Appendix 3 for structures of all best-fitting models).

4.1.1 Form recall

Analysis of frequency of exposure showed a statistically significant effect for
form presentation mode (t = -2.27, p = 0.02), indicating that items learned in the
bimodal condition required fewer exposures that those learned in the unimodal
condition. There were also statistically significant effects for associative memory
capacity (t = -2.08, p = 0.04) and sound recognition (¢t = -2.02, p = 0.05), with the high
groups needing fewer exposures to learn the target items than the low group. There
was no effect for phonetic coding ability (¢ = -1.56, p = 0.12). A significant interaction
between sound recognition and form presentation mode (¢ = 2.43, p = 0.02) was found,
with participants in the low group benefiting from bimodal presentation more than
the high group. Secondary effects were found for word length (longer items required
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more exposures than shorter items), PoS (verbs needed more exposures than nouns),
flashcard familiarity (more familiarity was associated with fewer exposures), L1
(Chinese learners needed more exposures than Vietnamese learners), and vocabu-
lary size (learners with smaller vocabulary sizes needed more exposures).

4.1.2 Form recognition

Statistically significant effects were found for mode of form presentation (¢ = -2.68,
p =0.007) and associative memory capacity (t = -2.87, p = 0.006). The results indicated
that the bimodal condition led to a lighter learning burden than the unimodal con-
dition and learners with comparatively low associative memory capacity needed
more exposures to learn the target items. No statistically significant effects were
found for sound recognition (t = -1.05, p = 0.30) and phonetic coding ability (¢ = -1.04,
p = 0.30). A statistically significant interaction was again found between sound
recognition and form presentation mode (t = 2.42, p = 0.02), with the low group
benefitting from bimodal presentation more than the high group. Secondary findings
included an impact for word length (longer items required more exposures), and PoS
(verbs required more exposures).

4.2 Lexical decay

Descriptive statistics for the decay of knowledge are presented in Table 5. This
shows the mean number of items retained on the delayed test per condition. Addi-
tionally, the proportion of items retained relative to learning is shown. Importantly,
analysis at each level only considered items for which knowledge was demonstrated
at the equivalent level on the immediate test. For example, analysis of form recall
data only included those items accurately produced on the immediate test. Overall,
the table demonstrates that there was less decay at the level of form recognition than

Table 5: Descriptive statistics (means with SD in brackets) relevant to the decay of knowledge by
condition.

Unimodal Bimodal Total

M (SD) Relative M (SD) Relative M (SD) Relative
to learning to learning to learning

Form recall 5.14 (3.46) 0.40 (0.24) 5.29 (3.76) 0.42 (0.26) 10.43 (6.73) 0.40 (0.24)
Formrecog. 13.02 (3.16) 0.90 (0.15)  13.27 (3.47) 0.93(0.12)  26.29 (6.30) 0.92 (0.12)
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Table 6: Descriptive statistics (means with SD in brackets) for the decay of knowledge by associative
memory capacity.

Unimodal Bimodal Total

n M (SD) Rel. to M (SD) Rel. to M (SD) Rel. to
learning learning learning

Formrecall BHigh 33 6.62(3.73) 0.48(0.25) 6.54(4.01) 0.52(0.28) 13.15(7.21) 0.50 (0.25
Blow 25 3.87(2.86) 0.30(0.23) 4.20(3.37) 0.28(0.22) 8.07(5.81) 0.29(0.21
Form recog. B High 33 13.85(3.86) 0.94(0.24) 13.92(4.03) 0.96 (0.24) 27.77(7.71) 0.95(0.24
Blow 25 12.77(4.03) 0.85(0.20) 12.23(4.20) 0.89 (0.14) 25.00(7.91) 0.87(0.16

Table 7: Descriptive statistics (means with SD in brackets) for the decay of knowledge by sound
recognition.

Unimodal Bimodal Total

n M (SD) Rel. to M (SD) Rel. to M (SD) Rel. to
learning learning learning

Formrecall DHigh 31 5.21(3.68) 0.42(0.23) 5.63(4.25) 0.42(0.28) 10.84(7.38) 0.42(0.24)
DLow 27 5.11(3.49) 0.38(0.28) 5.11(3.62) 0.40(0.27) 10.22(6.70) 0.39 (0.26)
Formrecog. D High 31 13.11(2.56) 0.92(0.19) 13.08 (4.45) 0.95(0.19) 26.00(5.71) 0.94 (0.18)
DLow 27 13.35(4.50) 0.88(0.25) 12.89(3.59) 0.90(0.22) 26.43(8.77) 0.89(0.23)

form recall, with 60 % of accrued items forgotten at the recall level but only 8 %
for form recognition. Furthermore, the table shows that there was considerable
individual variation in the amount of loss that occurred.

The descriptive statistics for the three aspects of aptitude are presented in
Tables 6-8. In general, it can be observed that in all cases the high groups
outperformed the low groups with better retention relative to learning figures.
However, there was considerable variance in the amount of decay that occurred.

4.2.1 Form recall

Results indicated that there was no effect for form presentation mode (z = 0.46,
p = 0.65), showing that condition did not impact the decay of form recall knowledge.
Similarly, no effects were found for associative memory capacity (z = 1.07, p = 0.29),
sound recognition (z = 0.80, p = 0.43), or phonetic coding ability (z =-0.76, p = 0.45), and
there were no significant interactions between mode and aptitude. Secondary effects
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Table 8: Descriptive statistics (means with SD in brackets) for the decay of knowledge by phonetic coding
ability.

Unimodal Bimodal Total

n M (SD) Rel. to M (SD) Rel. to M (SD) Rel. to
learning learning learning

Formrecall EHigh 36 5.35(3.51) 0.44(0.24) 5.49(3.82) 0.46 (0.26) 10.84 (6.84) 0.44(0.23)
Elow 22 3.00(2.81) 0.34(0.26) 3.20(3.08) 0.34(0.29) 6.20 (5.56) 0.34 (0.26)
Form recog. EHigh 36 13.38(3.96) 0.91(0.22) 13.14 (4.25) 0.93(0.19) 26.52(8.01) 0.92 (0.20)
Elow 22 12.33(4.18) 0.90(0.23) 12.00(3.58) 0.92(0.23) 24.33(6.92) 0.91(0.23)
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Figure 2: Descriptive statistics for the form recall delayed post-test by condition and aptitude. Note:
AMC = associative memory capacity; SR =sound recognition; PCA = phonological coding ability; H = High;
L = Low.

were found for learning burden, with frequency of exposure (z = -8.19, p < 0.001)
significantly impacting decay: words that were more burdensome to learn were
found to be more vulnerable to loss. Additional effects were found for PoS (knowl-
edge of nouns showed less decay than knowledge of verbs) and L1 (Chinese L1
learners suffered significantly more decay than Vietnamese and Thai students).
Figure 2 summarises the results for form recall.

4.2.2 Form recognition

Results for form recognition echoed form recall analysis. There was no effect for
form presentation mode (z = 0.29, p = 0.77), indicating that lexical knowledge
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Figure 3: Descriptive statistics for the form recognition delayed post-test by condition and aptitude.
Note: AMC = associative memory capacity; SR = sound recognition; PCA = phonological coding ability;
H = High; L = Low.

acquired in the bimodal condition was as vulnerable as that accrued in the unimodal
condition. Aptitude was also found to have no effect (associative memory capacity:
z=1.85, p=0.07; sound recognition: z = 0.28, p = 0.78; phonetic coding ability: z =-0.52,
p = 0.60). Furthermore, none of the interactions between mode and aptitude were
significant. Secondary effects were again found for learning burden (frequency of
exposure: z = -2.03, p = 0.04), with the words that posed more burden during the
learning procedure found to be more vulnerable to loss. Additionally, significant
effects were found for vocabulary size, with learners with smaller vocabularies more
likely to suffer decay, and L1, with Chinese learners of English suffering more loss
than the other two groups. Figure 3 illustrates the results for form recognition.

5 Discussion

In this section, general patterns are first summarised followed by a discussion of the
findings related to each research question.

This study showed that the form-meaning connection of a large number of
second language lexical items can be efficiently learned using flashcards, supporting
other research in this area (see Nation 2013 for a summary). Learners required an
average of eight exposures to learn the target items, supporting previous advice
(Webb and Nation 2017). However, the results also support Huckin and Coady (1999)
by showing the impossibility of establishing a frequency of exposure beyond which
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learning is guaranteed. Some items required only three exposures to be learned
while others needed thirty-nine. In general, the results indicated considerable in-
dividual and item variance. Given this variance, specifying a frequency of exposure
at which learning occurs seems a Sisyphean task as any figure will inevitably
overestimate or underestimate the challenge posed by certain items for certain
learners.

With regard to the loss of knowledge, target item knowledge was found, un-
surprisingly, to decay over the retention interval, supporting previous literature
(de Groot and Keijzer 2000; Ellis and Beaton 1993). Greater loss was found at the level
of written form recall than recognition, showing that form recall knowledge is more
susceptible to decay than recognition knowledge.

RQ1: To what extent is the learning burden of L2 vocabulary affected by form pre-
sentation mode and aspects of the language learning aptitude?

The results showed that the learning burden was impacted by form presentation
mode, with learners needing fewer exposures in the bimodal than the unimodal
condition. Thus, form presentation mode did impact learning burden, with co-
presentation of the written and spoken forms leading to less burden. This finding
aligns with previous research; for example, Lado et al. (1967) also reported an
advantage for bimodal form presentation. Hill (1994) however found no difference
between unimodal and bimodal conditions, although in her study the phonetic
transcription was presented to learners in the unimodal condition, allowing learners
to indirectly access the spoken form of the target items. Therefore, the current
findings are likely to better reflect the contribution of the form presentation variable
to L2 vocabulary learning. In doing so, they provide evidence to support the advice
common in practitioner discourse: teachers should endeavour to present the spoken
and written forms of target items together.

Analysis showed that associative memory capacity (form recall and recognition)
and sound recognition (form recall) significantly affected learning burden: learners
with higher associative memory capacity and sound recognition needed fewer
exposures to learn the target items. For associative memory capacity, participants in
the low group required approximately 1.3 times the exposures to learn the target
items than participants in the high group. For sound recognition, 1.12 times the
exposures were needed. No effect for phonetic coding ability was found. Thus, it
seems that to some extent aptitude plays a role in learning L2 vocabulary via
flashcards. This finding partially supports the results of Granena and Long (2013),
who report a positive relationship between aptitude and lexical attainment in late-
onset bilinguals, and Li (2016), whose meta-analysis showed positive correlation
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between associative memory capacity and lexical knowledge. Crucially, the current
study expands this research. Previous studies have investigated the relationship
between aptitude and attainment, while the current study considered aptitude and
learning burden. In showing that learners with higher associative memory capacity
and sound recognition learned L2 lexical items more quickly, this study suggests that
this increased learning efficiency (and not for example, better retention) contributes
to the differential attainment reported in previous studies.

Importantly, there was a statistically significant interaction between sound
recognition and form presentation code, showing that learners with low sound
recognition learned the target items more quickly in the bimodal condition than in
the unimodal condition. For learners with higher levels of sound recognition, there
was little difference. This is, to the best of my knowledge, the first study to have
considered the interaction of language learning aptitude and contextual factors on
the learning of L2 vocabulary, and more research is needed in this area.

RQ2: To what extent is the lexical decay of L2 vocabulary knowledge affected by form
presentation mode and aspects of language learning aptitude?

No effect was found for form presentation mode on the decay of foreign language
vocabulary knowledge, indicating that words learned in the unimodal and bimodal
conditions were equally likely to be forgotten. Only one study to date has considered,
albeit indirectly, the role of form presentation mode in the decay of vocabulary
knowledge. Hill (1994) reported that there was less decay in a bimodal condition than
a unimodal condition; however, the nature of the unimodal condition in that study
differed from the present investigation, presenting the spoken form indirectly to
learners via phonemic transcription. Therefore, the current study likely better re-
flects the effect of form presentation mode on lexical decay.

Bimodal presentation led to faster learning and did not have a detrimental effect
on maintenance of learned knowledge. Therefore, materials writers and teachers
should be encouraged to utilise this mode of form presentation. For teachers, this
might include saying the target words aloud when writing them on the board,
including the spoken form when developing electronic materials on educational
platforms such as Anki, and encouraging learners to investigate the spoken form
when searching for words in an electronic dictionary.

No effect was found for any aspect of aptitude on the decay process. Additionally,
none of the interactions between aptitude and mode were significant. This means
that although language learning aptitude impacted burden, it did not affect the loss of
accrued knowledge over the two-week period. Stepping back, we might question why
we would expect aptitude to impact the maintenance of lexical knowledge. Research
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has shown aptitude to positively correlate with attainment (Li 2016). Attainment is a
multivariate construct consisting of different memory processes included encoding,
consolidation, and storage (Baddeley 2013). This study has shown that some aspects of
the aptitude complex are involved in encoding memory traces; for example, learners
with higher associative memory capacity encoded lexical items more quickly than
others. This advantage would allow such learners to acquire more target items in a
given period than less apt peers. Thus, research that reports positive correlations
between aptitude and attainment might actually tap into differential levels of
encoding. The current study shows that while encoding may be impacted by ele-
ments of the aptitude complex, consolidation and retrieval may not. To explain
individual variance in decay patterns, it may therefore be necessary to consider the
variables that impact consolidation and retrieval.

An alternative explanation for the nonsignificant effect of aptitude on decay
relates to weaknesses in the LLAMA instrument. Despite extensive use in SLA
research, a validity argument has yet to be fully realised for the LLAMA battery. In
particular, the instrument as a whole and the various components have undergone
minimal assessment of internal validity (Bokander and Byland 2019). More
worryingly, recent studies that have begun to consider the validity of LLAMA B, D,
and E suggest it has insufficient internal validity. For example, Bokander and
Byland (2019) assessed the validity of LLAMA with 350 participants based in diverse
contexts. Using classical item analysis, Rasch analysis, and principal component
analysis, they found that LLAMA D had low internal consistency (a = 0.54), while
LLAMA B (a=0.81) and E (a = 0.74) were more acceptable. They also found that of the
components, only LLAMA B had acceptable levels of discrimination. Additionally,
they highlighted issues relating the construct validity of LLAMA D and E, suggesting
that the former may tap into implicit language learning aptitude (also, see Granena
2014) and the latter is open to test strategies.

Replication using alternative instruments (e.g., MLAT, HiLAB) is needed to
validate the current results. Furthermore, while the role of aptitude has received
minimal attention in studies of vocabulary learning and thus the current study
makes a useful contribution, the results need to be “treat[ed] with appropriate
carefulness” (Bokander and Bylund 2019: 1). This is especially the case with regard to
sound recognition and phonetic coding ability, the components of aptitude targeted
by LLAMA D and E respectively. As Bokander and Bylund (2019) found that LLAMA B
functioned sufficiently, conclusions in that regard can be less hedged: associative
memory capacity was found to affect the learning process but not impact the process
of decay.
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6 Limitations

First, this investigation was only able to consider form-meaning aspects of word
knowledge. While this is perhaps the most crucial aspect of vocabulary knowledge
(Schmitt 2010) and reflects the most common use of flashcards (Webb and Nation
2017), there are clearly other dimensions involved in knowing a word (see Nation
2013). Future studies that investigate a broader spectrum of word knowledge aspects
are needed. Furthermore, this study focused solely on knowledge of the written form.
As such, it is likely to have missed some gains in spoken form knowledge, which
would be particularly likely in the bimodal condition. This supports the case for
bimodal form presentation; not only was it found to facilitate expedited acquisition
of the written form but may have potentially led to increased gains in spoken form.
Next, to encourage learners to participate, the learning phase of the study was
prioritised in Sessions 1 and 2, and the aptitude battery was administered towards
the end of Session 3. Ideally, cognitive tests should be conducted at the outset to avoid
any interference from other research tools. Replication using such a design is
therefore needed. Additionally, future studies might include duration of exposure
alongside frequency as metrics of burden to provide a richer picture of the effort
learners expended to learn the target items. Lastly, although this study showed that
bimodal form presentation can expedite learning, the specific contribution of the
spoken form to easing learning burden is unclear. In the bimodal condition, the
spoken form was presented with the written form for each exposure. However, it
might be that the presence of the spoken form is particularly beneficial during the
initial exposures; alternatively, perhaps it is after the initial stages, when learners
have partial knowledge of the written form that the spoken form supports learning.
This is an empirical question and warrants future investigation.

7 Conclusions

The present study investigated the role form presentation mode played in the
learning burden and decay of L2 vocabulary in an instructional context. It showed
that when word form was presented simultaneously in the written and spoken
modes, learners experienced less burden than when presented in the written mode
only; however, there was no difference in the amount of decay suffered in the
conditions. This suggests that teachers and learners should utilise bimodal form
presentation where possible.



24 —— Barclay DE GRUYTER MOUTON

Additionally, some aspects of language learning aptitude were found to impact
the learning burden of L2 vocabulary. This confirms what teachers have long
witnessed in the classroom: certain learners acquire target items more quickly than
others. This study has also shown that certain aspects of the aptitude complex
interact with contextual factors. However, neither aptitude, nor any interactions
with the learning activity, impacted the decay of target items. It may be the case
though that other cognitive variables affect the decay process, speaking to the
importance of further research in this area. Overall, this study has added to our
understanding of learning burden and lexical decay by delineating the role of two
variables, the effect of mode of form presentation and aptitude.
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