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Abstract

According to research into second language (L2) practice, learners should

repeatedly engage in output activities with feedback in order to develop accuracy.

Digital flashcards can be used to prompt L2 output and deliver feedback when teacher

instruction or peer interaction are not available. Traditionally used for vocabulary, this

tool could also be used for grammar learning by providing exemplars of target

structures. The difficulty, distribution, and quantity of practice have been shown to

affect learning and retention in other domains, but little is known about how these

variables affect productive L2 grammar practice. Research into these areas could

deepen our understanding of L2 learning processes while providing useful guides for

enhancing L2 practice. This thesis includes four papers. Chapter 1 is an introduction to

the topic, covering the importance and theories of L2 practice, a primer on digital

flashcards, and the research gaps to be addressed. Chapters 2-5 are research papers. The

first paper, published in System as Serfaty and Serrano (2020), investigated how

flashcards could be used for grammar learning in an environment where other forms of

learning are unavailable. Simple structures were studied by 31 low-proficiency

learners, aged 9-17, in a rural setting in Cambodia over two weeks. They were tested

after one day, two weeks, and four months. Results showed that participants made large

gains in their grammatical accuracy and maintained these gains over time. Scores were

equivalent for trained and untrained items, showing that the exemplars used in training

provided rules that were generalized to novel sentences. The second paper, published in

Applied Psycholinguistics as Serfaty and Serrano (2022), investigated how this type of

learning might be affected by the distribution of sessions. Two complex structures were

studied at intervals of one day or one week, tested after one week or one month.

Participants (N = 117) came from an international school in Phnom Penh, aged 10-18.

The optimal lag was predicted by individual differences. Participants with slower times
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and lower proficiency obtained higher scores from the shorter lag, whereas faster and

more proficient learners benefited from a longer lag. Neither lag was better overall. The

third paper, currently in review in Language Learning and Technology, repeated this

methodology, using the same intervals, tools, and setting, with vocabulary items. Of the

96 participants analyzed in this study, 77 were also in the grammar analysis. This

allowed for a comparison between grammar and vocabulary lag effects. This paper also

aimed to ascertain whether a lag effect is found outside of lab conditions with

secondary school students, which has not been found previously, and to explore

whether lag effects are different for productive (form-recall) and receptive

(meaning-recall) knowledge of learned words. Results showed a small but consistent

advantage to the longer lag at both testing times, in contrast to grammar. The longer lag

was particularly effective for retaining receptive knowledge at the 28-day posttest. The

final paper, currently resubmitted to Language Learning after revisions, aimed to find

the optimal amount of practice for the long-term retention of grammar knowledge. An

artificial language was learned and then practiced on either one, two, three, or four

relearning sessions on consecutive days, with 30 participants per condition (N = 129),

aged 18-30. At a two-week posttest, it was found that average scores were significantly

higher after a third relearning session. Accuracy during training peaked after the second

relearning session, leading to a hypothesis that a threshold of knowledge is crossed

after performing two sessions without errors. When re-coding the participants

accordingly, this threshold was a stronger predictor of high posttest scores than the total

number of sessions. The final chapter summarizes the findings from these papers,

details implications from these findings on future theory, research methods, and

pedagogy, and ends with some suggested future directions.
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Resumen

Los estudios sobre el efecto de la práctica en una segunda lengua (L2) sugieren

que es importante que los estudiantes participen repetidamente en actividades de

producción en las que puedan recibir feedback o retroalimentación. Las tarjetas

digitales (digital flashcards) se pueden usar con tal fin cuando el contexto de

aprendizaje no facilite la recepción de feedback por parte de los estudiantes, ya sea por

carecer de profesores formados, o por la imposibilidad de realizar actividades de

producción en clase. Las flashcards tradicionalmente se han utilizado para el

aprendizaje de vocabulario, sin embargo, también pueden utilizarse para el aprendizaje

de la gramática. Se ha demostrado que la dificultad, la distribución temporal y la

cantidad de la práctica afectan el aprendizaje y la retención de contenido en una L2,

pero se sabe poco sobre cómo estas variables afectan la práctica productiva de la

gramática. La investigación sobre estos temas podría facilitar nuestra comprensión de

los procesos de aprendizaje de L2 al tiempo que proporcionar una guía útil para

profesores y estudiantes sobre cómo mejorar la práctica de L Esta tesis incluye cuatro

artículos. El Capítulo 1 es una introducción que presenta los temas claves investigados

en la presente tesis. Los capítulos 2 a 5 incluyen las publicaciones. El primer artículo,

publicado en System como Serfaty y Serrano (2020), investigó cómo las flashcards

podrían usarse para el aprendizaje de la gramática en un entorno donde no hay otras

formas de aprendizaje disponibles. Los resultados mostraron que los estudiantes

lograron grandes avances en su corrección gramatical y mantuvieron estos avances a lo

largo del tiempo. El segundo artículo, publicado en Applied Psycholinguistics como

Serfaty y Serrano (2022), investigó cómo este tipo de aprendizaje podría verse afectado

por la distribución temporal de las sesiones. Los estudiantes aprendieron dos

estructuras complejas a intervalos de un día o una semana, y realizaron una prueba una
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semana o un mes después. Los resultados indicaron que el intervalo óptimo depende de

lasdiferencias individuales de los estudiantes. El tercer artículo, actualmente en revisión

en Language Learning and Technology, repitió esta metodología, utilizando los mismos

intervalos, herramientas y entorno, pero con vocabulario en lugar de gramática como

objetivo de aprendizaje. Los resultados mostraron una pequeña pero consistente ventaja

del intervalo más largo, en contraste con los resultados obtenidos para la gramática. El

último estudio, actualmente reenviado a Language Learning después de revisiones,

tenía como objetivo encontrar la cantidad óptima de práctica para la retención a largo

plazo del conocimiento de la gramática. Los participantes aprendieron una lengua

artificial y luego la practicaron en una, dos, tres o cuatro sesiones de “reaprendizaje” en

días consecutivos. En una prueba posterior dos semanas después, se encontró que las

puntuaciones eran significativamente más altas después de una tercera sesión de

reaprendizaje. Después de analizar los resultados a nivel individual, se observó que los

participantes mejoraban de forma significativa su corrección en la producción

gramatical después de realizar dos sesiones sin errores, lo cual ofrece una guía para la

práctica de gramática en L El capítulo final de la tesis resume e interpreta los resultados

obtenidos en los cuatro estudios, detalla sus implicaciones para las teorías de

aprendizaje de L2, métodos de investigación y enseñanza, para concluir con la

presentación de algunas direcciones para futuros estudios.
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Chapter  1 : Introduction

Second language (L2) practice has been defined by DeKeyser (2007) as

“specific activities in the second language, engaged in systematically,

deliberately, with the goal of developing knowledge of and skills in the second

language” (p. 8). The perception of L2 practice has suffered in recent decades

from an association with early approaches to language learning (DeKeyser,

2010). In particular, the audiolingual approach was infamous for only allowing

students to memorize, imitate or manipulate supplied target phrases and

dialogues without progression to genuine interactions. In this approach,

language was taught through mechanical habit formation, with no place for the

analysis of underlying rules or the generation of original or communicative

language (Richards & Rodgers, 2001). On the other end of the spectrum,

Krashen (1985) insisted that language can only be acquired through input,

subconsciously, following a natural sequence. Krashen has continued to be

highly critical of claims that productive practice has any positive effect on

language acquisition (e.g., Krashen, 1998). This is despite a body of evidence

from immersion contexts (Swain, 1998) showing that meaningful input alone is

not sufficient for acquiring accurate L2 use.

More recent approaches have prioritized productive and interactive L2

practice. In task-based learning, the emphasis is on communicating messages in

order to complete tasks, with less emphasis on grammatical accuracy (Long,

1996). In this approach, grammar is taught inductively as a task goal rather than

for its own sake. Thus, although it is now widely accepted that language
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learners need to produce the language in order to learn it, the value of

de-contextualised and non-communicative practice remains controversial.

This thesis will mainly, but not exclusively, deal with grammar practice.

For clarity, grammar will be defined as the assembly of linguistic parts

according to morphosyntactic norms that communicate an intended message.

These norms are based on how a language is used by a target language

community. For example, knowing to use “would have” rather than “would has”

is important because this is how the language is currently used and understood

by proficient English speakers. In essence, the term grammar is used in

opposition to vocabulary. If vocabulary items are the building blocks, then the

act of assembling and manipulating these blocks to form meaning is grammar.

Note that this definition of grammar does not include knowledge of grammar

terminology, but rather the effective use of the L2.

Grammar is especially difficult to master when one’s first language (L1)

does not encode a particular feature that is required in the L2 (Crosthwaite,

2016; Öksüz et al., 2021; Schepends et al., 2020). This presents a particular

challenge to speakers of non-European L1s from entering fields that require

proficient English, which is the case for many employment opportunities and

certainly for much of academia. It is therefore vital for learners to acquire some

level of grammatical accuracy in their L2.

Despite some negative perceptions, it is clear that some form of practice

is desirable in L2 learning. This chapter will present some factors that

contribute to effective practice, introduce a tool for investigating these factors,
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identify some specific research gaps, and finish with an outline of the studies

conducted to address these gaps.

 1.1  Theories of L2 Practice

While general rules of grammaticality could be learned as static factual

knowledge, this thesis defines grammar as the skill of converting intended

meanings into comprehensible forms without ambiguity. The difference

between a factual knowledge of rules and a skill is that the latter can be

performed with variable proficiency and success, and can be improved through

practice.

The type of practice promoted by the audiolingual approach was

imitation, which requires no effort or attention to underlying patterns. This

could be useful for quickly acquiring useful phrases in an unknown language,

but cannot lead to transferable knowledge. For example, memorizing “weər ɪz

ðə ˈbɑːθru(ː)m” (Where is the bathroom?) does not enable the user to ask where

other places might be. They would need to know which syllables express the

question and which syllables refer to the location. Whereas teachers of the

audiolingual method were instructed to praise learners after a successful

imitation in order to subconsciously reinforce acceptable utterances (Richards &

Rodgers, 2001), transferable practice should involve consciousness-raising

feedback to promote deeper understanding of the underlying rules of the target

language (Gass & Mackey, 2006).

The expression of language formulated from one’s own mind, as

opposed to reciting or imitating, is known as output. Swain’s Output Hypothesis
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(1985, 1988, 1995), formulated in direct opposition to Krashen’s input-only

approach, highlights three key roles of output. The first is noticing, which is the

idea that learners must be consciously aware of a form or rule in order to learn

it. By producing a form in output, the speaker processes it more deeply than

they would through passive comprehension. If, however, the learner is not able

to produce the required form, this failure primes them to notice the form in

subsequent input. The next function of output is hypothesis testing. By

producing the L2, the learner is testing their current understanding of the target

language. The final function of output is metalinguistic reflection, which is the

learner’s ability to reflect on feedback from their output in order to confirm their

hypothesis or be prompted to change their hypothesis. These aspects of

language learning have been integrated into many competing models of

instructed second language acquisition (Leow, 2015). As the learner produces

more language, receives more feedback, and restructures their internal rules for

the L2, they progressively improve their skill proficiency.

This gradual qualitative improvement is described by Skill Acquisition

Theory (SAT; DeKeyser, 2020), which is a key theoretical framework in this

thesis. According to SAT, learners first acquire declarative knowledge, which is

the knowledge of what they are supposed to do (e.g., knowledge that regular

verbs in English are expressed by adding -ed). This could be achieved through

direct instruction from a teacher, for instance. As the learner begins to

implement these rules, procedural knowledge also develops. Procedural

knowledge consists of internal production rules (e.g., if “walk” + past, add -ed)

that can be implemented. Procedural knowledge, once sufficiently developed,

allows for faster and less effortful performance. Through extensive practice, this
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knowledge should eventually become automatised. Automatised knowledge can

be performed instantaneously and effortlessly (Segalowitz & Segalowitz, 1993),

resulting in fluent use of the L2. The process of proceduralization is

traditionally measured by response times and error rates (e.g., DeKeyser, 1997;

Ferman et al., 2009; Suzuki, 2017). Both of these measures improve sharply

after some initial practice and then continue to improve gradually with further

practice until no more improvement can be detected (Kim et al., 2013).

While the Output Hypothesis tells us that output is needed as a

component of practice, and SAT deals with the improvement trajectory of skill

proficiency through extensive practice, there is still the issue of how the L2

should be practiced. For this, insights can be taken from the Desirable

Difficulties Framework (DDF; Bjork, 1994). According to this framework,

activities that cause difficulty during practice may lead to more errors in the

training phase, but can often lead to better long term retention and

transferability of the practiced knowledge or skills (Bjork, 1999; Schmidt &

Bjork, 1992). This contrasts starkly with the audiolingual method, which

discouraged communication due to the risk of producing incorrect utterances.

Under the DDF, errors are viewed as an opportunity to notice gaps in

knowledge and process the target material on a deeper level. It would also be

suboptimal for conditions to be too difficult for learners to successfully acquire

the target knowledge. In these cases, difficulty should be reduced.

Suzuki et al. (2019) adapted the DDF to L2 practice, suggesting that the

desirable level of difficulty for a practice condition depends on the inherent

difficulty in the feature being learned and the subjective difficulty for the
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learner. One of the simplest ways to manipulate difficulty is to change the

amount of time between practice sessions. More time would lead to forgetting,

allowing learners to identify knowledge that has not yet been mastered, whereas

less time would allow learners to practice more difficult skills without needing

to relearn key concepts.

In sum, output practice serves several purposes in L2 development.

Through output, learners notice and acquire target forms, which become more

accessible through repeated practice. The best type of practice should be

challenging in order to induce deep processing.

 1.2  Digital Flashcards as a Research Tool

As stated above, practice should be productive, intensive, and

challenging. Authentic communicative tasks would be ideal because practice is

most effective when it matches the end goals (Lyster & Sato, 2013). However,

there are a number of issues with relying on this type of practice. Firstly, most

language learners are not exposed to situations in which they can authentically

communicate in the L2. Much of the world’s language learning takes place in a

foreign language classroom in a secondary school, with English alone being a

compulsory subject in 142 countries (Ives, 2022). Communicative practice can

be manufactured through well-designed tasks, but planning and implementing

tasks effectively requires a high level of expertise (Van den Branden, 2016) that

many educators simply do not possess. Therefore, in many cases, authentic

communicative practice is not a viable option. Secondly, although interaction

can elicit useful feedback (Gass & Mackey, 2006), it is not guaranteed. In some
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cases, the interlocutor may wish to be polite or may understand from context

rather than from language, or may not be aware of the error. In these cases, the

learner might not receive feedback, which is necessary to prompt metalinguistic

reflection (Long, 1996). Thirdly, it can be difficult to design a task in which a

specific structure is guaranteed to be needed extensively and learners might

avoid it altogether. Therefore, in cases where a specific problematic feature is

targeted, or if a teacher wishes to expand their students’ linguistic repertoire,

practice may need to be more systematic, artificially repetitive, and with the

guaranteed provision of feedback.

Digital flashcards are applications that are designed for independent

practice of specific items. They are commonly used for learning vocabulary

pairs or for memorizing facts before exams (Zung et al., 2022). They are based

on paper flashcards, where the front has the question or cue, and the back has

the target, allowing the user to test themselves. This form of practice is known

as retrieval. The learner repeatedly attempts to retrieve information from

memory in order to strengthen their access to that knowledge.

The digital versions of flashcards include a host of useful features for

the learner (Ashcroft et al., 2018; Nakata, 2011; Zung et al., 2022). For

example, software will automatically remove known items, allowing the learner

to focus on unknown items. With a criterion of one, the user must answer every

item correctly once before it is removed from the cycle. The criterion could also

be increased. For example, Cram.com has a mode in which five correct

responses of each item are required before a session ends. Increasing the

criterion has been shown to increase posttest scores in the short term (Rawson
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& Dunlosky, 2011) and could be useful for “cramming” before an exam. Most

apps also record the learner's progress so that users can choose to practice items

that were difficult in a previous session. Apps are also accessible from

anywhere, allowing learners to take advantage of time in transit, waiting for an

appointment, or during a break from work. Sets can be synced to be available

offline, making them suitable for environments without an internet connection.

Flashcards can be created in any written language and accompanied by audio in

many widely-spoken languages.

Although flashcards have traditionally been used in L2 learning for

vocabulary, the papers in this thesis will show that flashcards can also be used

for grammar practice. Rather than retrieving single items, learners can practice

formulating full sentences in the L2. They see a cue, which could be the L1

translation or an L2 scenario, and they type the L2 sentence (see Figure 1).

Upon doing so, they see the target response, presented along with their attempt

(Figure 2). This leads them to notice similarities and differences between the

sentences and either hypothesize rules (inductive learning) or be reminded of

rules that have already been taught (deductive learning). The next flashcard

allows them to apply these rules in a new sentence that requires the same

knowledge (Figure 3). Errors could be made around the target feature, but errors

could relate to any aspect of the sentence, from the orthography of content

words to a missing ‘s’ (Figure 4). Through this mechanism, they not only

practice the target feature but also work on other linguistic features and general

accuracy.
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FIGURE 1

The learner tests their hypothesis

FIGURE 3

The learner overgeneralizes that all
questions start with ‘Does’ and must
adjust their hypothesis again. With fewer
errors on screen, they notice that ‘one’
should be ‘an’

FIGURE 2

The learner sees feedback

FIGURE 4

The learner successfully produces the
target structure, but must now learn to add
an ‘s’.
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Digital flashcards were adopted as the focal tool for this thesis. The

motivation for this was threefold. Firstly, from a research perspective, this tool

can be used to control the nature of L2 practice in a precise manner. The exact

input and feedback is predetermined, no instructor factors or peer-interaction

factors are involved, and the exact amount of accurate output of each learner

can be manipulated. These attributes make it easy to isolate specific practice

variables while holding many other potentially confounding variables

constant. Secondly, from a theoretical perspective, flashcards involve input,

output, feedback, hypothesis testing, and extensive repetition, all of which

have been highlighted as necessary ingredients for L2 practice. Sets of

flashcards may be designed with a specific target feature in mind, but the

participant must consider the accuracy of the entire sentence in order to

remove an item. This contextualizes the target feature within general accurate

language production, which is more desirably difficult and more like authentic

language use than typical grammar exercises. For example, in a gap-filling

exercise, the target feature is isolated while the learner can ignore the rest of

the sentence. Thirdly, from a pedagogical viewpoint, flashcard apps are used

by teachers in real L2 classrooms. No time limit is imposed on the input or

output stages and there is no limit on the number of attempts for the

participant, as in genuine L2 learning conditions. This makes research from

digital flashcards ecologically valid and easily applicable for practitioners.

It should be noted that the goal of this thesis is not to advocate for the

use of digital flashcard practice as an ideal or exclusive form of L2 practice.

The purpose of using flashcards is only for learners to acquire knowledge of

accurate forms and to increase their access to these forms. By prompting the
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learner to independently induce rules for grammar or develop mnemonic

strategies for vocabulary, the teacher avoids “explaining” the language

metalinguistically, which can be confusing and ineffective for learners with

low metalinguistic awareness, and avoids presenting lists of vocabulary items.

In an ideal classroom setting with a highly competent teacher, the goal of

flashcards would be to give every student the practice and time that they

require outside of the classroom. On the one hand, flashcards could be

assigned ahead of an upcoming activity. Teachers could save a lot of time in

teaching a specific feature if the students have already undergone flashcard

training at home. In doing so, the teacher would not need to focus on teaching

rules, monitoring accuracy, or giving feedback. Instead, they could use their

time to facilitate interactive activities in the L2 that focus on meaning. The

other use of flashcards would be to collect and practice previously learned

features. Language courses tend to be modular and may not repeat key

vocabulary or grammar points with enough frequency for them to be well

retained (Tschichold, 2012). By creating flashcard sets, the student can remind

themselves of everything they have previously learned and still access it when

desired in the future. In less ideal contexts, where a student must learn a

language without access to proficient teachers, accurate textbooks, or online

lessons, flashcard apps can provide an offline and accessible means for

practicing the production of accurate L2 sentences.

This chapter has thus far sought to establish that L2 practice is worth

investigating and that digital flashcards are a suitable tool for doing so. I will

now specify the particular areas of L2 practice that will be addressed in this

thesis.
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 1.3  Research Gaps

The first research gap that needs to be filled is the absence of studies

on how written practice affects accuracy development at the sentence level.

Repeated practice has been investigated for the development of accuracy in

oral output (McDonough & Sato, 2019; Sato & McDonough, 2019) and for

fluency without considering accuracy (de Jong & Perfetti, 2011; Suzuki, 2021;

Suzuki & Hanzawa, 2021). However, many learners do not have reliable

knowledge of their target language, either from lack of resources or from

failing to notice L2 forms. Oral practice of erroneous language may lead to its

fossilization in the learner’s interlanguage (Han, 2012). Written practice, with

feedback presented next to a learner’s attempt, is especially helpful for

noticing forms (Zalbidea, 2021). Moreover, oral practice is unrealistic for

many learners that do not encounter the target language outside of their

classroom or because they are studying autonomously. For all of these reasons,

an investigation into the potential benefits of repeated written output is

warranted.

The second gap is in research among underprivileged populations.

Research on L2 practice tends to be carried out in wealthy countries among

participants with access to educational resources (Collins & Muñoz, 2016).

Very little research has been conducted for populations who lack access to

formal education. This is surprising in that these populations have the greatest

need for intervention. Learning English can be the ticket out of a cycle of

poverty in many developing countries, opening doors to education and

employment (Haidar, 2019; Hamid, 2016). The vast majority of techniques
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found in the literature are simply not applicable to a large portion of language

learners, who do not have access to reliable resources or proficient teachers.

The third gap relates to time distribution. When comparing longer or

shorter distributions of study sessions, mixed results have been obtained. The

types of target knowledge, learning activities, tests, and participants have

varied too much for any clear conclusions to be made. It is clear that altering

the distribution of practice has an effect, but the direction of this effect has

varied depending on the study (Edmonds et al., 2021). It is necessary to

perform more controlled and replicable research into time distribution,

controlling for as many variables as possible. One specific question is to what

extent distribution effects found in verbal learning studies from cognitive

psychology (e.g., Cepeda et al., 2009) would apply to the skill of L2 grammar.

A related question is whether distribution effects could be utilized for

classroom learning. Lastly, little is known about how distribution effects may

differ according to the type of knowledge under examination (grammar vs

vocabulary; productive vs receptive).

The final and possibly most important gap concerns the quantity of

practice. Previous research into multi-day learning has varied in how many

sessions were involved. Conclusions have been made by comparing posttest

scores between conditions with very little consideration to the overall scores.

In reality, language learners do not engage in practice in order to obtain

temporary knowledge or higher knowledge than someone from a different

practice condition. They want to learn their target fully, and to remember it in

the future. At the moment, we cannot advise a learner on how much practice is
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needed before their knowledge is immune to forgetting, or how often it must

be reviewed.

 1.4  Thesis Outline and Overview

The present thesis uses digital flashcards to investigate L2 learning and

practice. Three of the four studies target L2 grammar, as defined above. The

flashcards are designed to target specific structures, but in all cases the entire

sentence must be grammatical in order for an item to be removed from a

practice set and learners are never instructed to focus on a specific feature.

They are simply asked to translate a sentence into English, or formulate the

sentence based on a given scenario. Four studies are presented.

Study 1 (Serfaty & Serrano, 2020) can be viewed as a proof of concept

for using digital flashcards to learn grammar, which had not been researched

previously. It also fills the first two research gaps by investigating the repeated

practice of written language formulation and taking place among a

resource-poor rural community trying to learn English without access to a

teacher or other materials. This study included 31 participants with no

previous exposure to native speakers or authentic language sources. They had

already been learning English daily for a year from a revolving door of

volunteers in an improvised school. The goal of the school was to supplement

their public schooling, which in Cambodia only operates for half the day. In

this time, the participants had acquired an impressive vocabulary but were

failing to form simple sentences with recognisable grammaticality. Flashcard

training was employed, using a range of target structures, including the present
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simple, present continuous, there is/are, and their interrogative forms. Each

structure had five exemplars, practiced three times over the course of eight

days. The study examined two aspects in particular - the transferability of

learned items to novel items and long-term retention. Tests required

participants to translate full sentences from their L1 (Khmer) into English, for

both trained and untrained items, using smartphones. The tests took place one

day, two weeks, and 18 weeks after the final training session. This study

established a baseline of success for the digital flashcard method.

Study 2 (Serfaty & Serrano, 2022) addressed the third research gap by

investigating how time distribution affects retention from this type of grammar

practice. Drawing on the Desirable Difficulty Framework for L2 proposed by

Suzuki et al. (2019), this study was designed to primarily investigate the

effects of using a longer or shorter intersession interval. Moreover, the study

sought to determine which factors might influence this effect. Specifically, the

study compared two grammatical structures, two age groupings, two ability

levels (measured by time on task), and three levels of L2 proficiency. The

participants were from an international school for wealthy families in Phnom

Penh, with a much more privileged educational background and much higher

English proficiency. Structures were typed from L2 scenarios, rather than L1

translations, with intervals of either one day or one week, tested after either

one week or one month.

Further exploring time distribution, Study 3 (Serfaty & Serrano, in

review) repeated the same methodology as Study 2 but using vocabulary

items, with the aim of comparing lag effects between grammar and vocabulary
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learning without task differences or participant factors. The study included 96

students with an overlap of 77 participants from the grammar experiment.

Previous classroom studies had not reported better results from a longer

intersession interval. However, these studies had not examined vocabulary

retrieval training, which is the type of learning that has exhibited this effect

under lab conditions. This study also included both productive and receptive

tests, since these two dimensions of knowledge had never before been

compared after different lags.

Finally, Study 4 (Serfaty & Serrano, resubmitted) addressed the final

research gap relating to quantity of practice. It was observed that different

scores and retention levels were achieved in the previous grammar studies,

which had been different in terms of the quantity of practice. This study

compared learning grammar on two, three, four, or five consecutive days. An

experiment was developed on Gorilla to simulate digital flashcards.

Participants were recruited online through Prolific, aged 18-30 and with a

range of linguistic and geographical backgrounds. An artificial language was

developed in order to avoid any prior knowledge. Their achievement at the

training stage was measured by the number of trials required to complete a

session. Training performance was then compared to posttest performance in

order to form a new hypothesis about how to predict high posttest scores at the

training stage. This hypothesis was tested by regrouping participants according

to their training performance and modeling their posttest scores accordingly.

The final chapter provides a summary of the preceding chapters and

discusses their implications for theories of L2 practice, future research
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methods, and pedagogy. In light of the findings, and the questions raised, ideas

for future research are proposed.

In sum, this thesis seeks to present new insights into the optimal

distribution, difficulty, and quantity of L2 practice. The evidence gained from

these studies will be used to expand upon the Desirable Difficulties

Framework and Skill Acquisition Theory. The major pedagogical implications

of this research will relate to the type of learning that could be expected from

digital flashcards, the optimal scheduling of sessions, and the amount of

practice required for each student to achieve their goals.
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The optimal scheduling of Quizlet sessions for L2 vocabulary learning

ABSTRACT

Digital flashcard apps allow students to learn and practice foreign language

vocabulary independently and efficiently, allowing more time for

communicative activities in the classroom. However, words learned this way

are at risk of being forgotten. Previous lab studies have shown that vocabulary

retrieval practice can be optimized for long-term memory by employing longer

intersession intervals, but this effect has not been shown in classroom

conditions. The present study investigated the optimal scheduling of

independent vocabulary study using Quizlet. Secondary-school students (n =

96, mean age = 13.44) learned 16 novel words in an unknown language over

two sessions, spaced at either a 1-day or 1-week interval. Their productive and

receptive knowledge was tested after 7 or 28 days. The results show that

longer spacing was beneficial for vocabulary learning, contrary to previous

findings reported in classroom settings that used a variety of different

approaches. The effect was small, but significantly larger on receptive tests,

suggesting that the lag effect is dependent upon the kind of knowledge.

INTRODUCTION

One challenge in learning a foreign language (L2) is that the number of

hours of exposure tends to be limited, and often restricted to the classroom

(Lightbown, 2014). Moreover, L2 vocabulary knowledge is susceptible to

forgetting if not sufficiently practiced (Pavlik & Anderson, 2005). Considering

this, it is crucial to investigate how to optimize this limited time for the best

long-term retention of knowledge.
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Research has shown that paired-associate learning is an efficient way

to learn new words quickly (Elgort, 2011; Fitzpatrick, et al., 2008; Nation,

2001; Webb, 2009). In second language acquisition (SLA), paired-associate

learning is most commonly associated with vocabulary flashcards. Users see a

cue, such as a first language (L1) translation, and attempt to retrieve the L2

word from memory, or vice versa. In contrast to traditional paper flashcard

drills, digital flashcards offer a wide range of features to foster deeper

processing. For example, they can be used to elicit written output with tailored

feedback, test items until they have been produced correctly within a session,

provide audio to clarify pronunciation, and motivate students through

gamification. Flashcard sets can be assigned as homework to reduce classroom

time devoted to vocabulary teaching, facilitating fluency and comprehension

in subsequent classroom activities that require the target words. Moreover, in

contexts that lack well-trained teachers, digital flashcards apps can constitute a

reliable source of L2 input and feedback (Serfaty & Serrano, 2020).

Even when engaging in this type of activity, students are likely to

forget words learned in a single session. However, research has shown that

repeating sessions on multiple days has a powerful effect on long-term

memory, even when controlling for the amount of time on task (Rawson et al.,

2018), and that the optimal distribution of these relearning sessions can

enhance retention further (Gerbier & Toppino, 2015). Several studies from

cognitive psychology have shown that longer intervals between sessions

promote long-term retention more than shorter intervals (Cepeda et al., 2006;

Cepeda et al., 2009), known as the lag effect. However, this lag effect has not

been consistently found in SLA research. Some studies involving grammar
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learning (Suzuki, 2017; Suzuki & DeKeyser, 2017) and all studies involving

L2 learning in the classroom with children (Kasprowicz et al., 2019; Rogers &

Cheung, 2020a, 2020b) and teenagers (Küpper-Tetzel et al., 2014; Serrano &

Huang, 2018, 2021) have reported no advantage to a longer interval.

On the other hand, the lag effect has been reported for vocabulary

learning from lab studies involving the retrieval of paired-associates (Bahrick,

1979; Bahrick et al., 1993; Li & DeKeyser, 2019), which is the method

employed by digital flashcard apps. Therefore, it is feasible that vocabulary

learning through digital flashcards would also be optimized with longer lags

between sessions. However, no previous study has investigated whether

paired-associate retrieval is subject to lag effects under ecologically valid

conditions.

In order to shed light on this issue, we conducted a study in which

secondary school students learned novel vocabulary pairs through Quizlet, a

popular flashcard app already widely used in classrooms. Words were learned

over two sessions, spaced either one day or one week apart, and tested after

either one week or one month. The findings are expected to fill an important

gap in our understanding of the lag effect in classroom settings while also

providing guidance as to the optimal scheduling of digital flashcards for

vocabulary learning. This paper further contributes to the field by examining

the difference in lag effects on productive and receptive knowledge, which has

not yet been explored.
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LITERATURE REVIEW

Digital Flashcards for Vocabulary Learning

Flashcards have traditionally been paper cards designed for

self-testing. Retrieving information through testing is known to build memory

more than re-reading the same information (Barcroft, 2007; Carrier & Pashler,

1992; Kang, 2010; Kang et al., 2013; Kornell & Vaughn, 2016). Online

flashcard apps include useful features such as smart feedback that highlights

the user’s errors, helping them to notice the difference between their attempt

and the target (Izumi & Bigelow, 2000; Izumi et al., 1999; Zalbidea, 2019) as

well as audio to clarify the target pronunciation. Flashcard software commonly

employs criterion learning, repeating items in a cycle until they are answered

correctly. Consequently, more practice is automatically allotted to more

difficult items. Survey data has shown that digital flashcards are popular with

students in educational contexts (Altiner, 2019; Stroud, 2014; Zung et al.,

2022). Quizlet in particular is widely used by both teachers and researchers

(Franciosi et al., 2016; Korlu & Mede, 2018; Sanosi, 2018; Serfaty & Serrano,

2022; Stroud, 2014), with 60 million users (Quizlet, 2022).

The goal of flashcard assignments might be to familiarize students with

useful words. For example, in order to comprehend a text without assistance,

most words should already be known (98% according to Hu & Nation, 2000).

Teachers could assign content-specific vocabulary in preparation for an

upcoming reading or listening passage (Webb, 2009), allowing more

classroom time for comprehension activities or communicative language

practice. Alternatively, learners could focus on the most frequently occurring
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words of the L2. Nation (2006) estimated that 3,000 word families would

cover 95% of spoken English. Similarly, students could study academic words

in preparation for L2-medium academic studies (Coxhead, 2000).

A second reason for using flashcards would be to collect and practice

previously encountered words. Without maintenance, declarative knowledge

such as L2 vocabulary decays quickly (Kim et al., 2013; Ullman & Lovelett,

2018) and many curricula do not adequately recycle vocabulary (Tschichold,

2012). Using digital flashcard software, the learner or teacher could

cumulatively add words to sets as they are encountered. As long as these sets

are periodically practiced, this would counteract the lack of repetition in the

curriculum and prevent the forgetting of under-used vocabulary items (Nakata

et al., 2021).

A third use for digital flashcards would be to provide individualized

work. In mixed-level classes, students can be assigned different sets depending

on their abilities and interests. Teachers may also allow faster students to

practice flashcards while slower students receive more attention from the

teacher. In cases where teachers cannot be present, for example during the

recent online learning periods due to COVID-19, students could engage in

output practice with reliable feedback without a teacher. This is especially

important for students in under-developed educational systems, where teachers

may not have a reliable L2 proficiency (Serfaty & Serrano, 2020).

Research suggests that the most efficient way to use flashcards is to

retrieve the L2 word from an L1 translation, referred to as productive recall

(Nakata, 2020). Although the cue could be something different like a synonym

or an image, L1 translations are the most effective (Joyce, 2018; Laufer &
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Shmueli, 1997; Lotto & de Groot, 1998). The reverse direction, translation

from the L2 into the L1, or receptive recall, is better in terms of words learned

per minute. However, productive recall is best for overall gains, especially

when knowledge is measured with productive recall tests (Griffin & Harley,

1996; Nakata & Webb, 2016; Webb, 2005, 2009). Productive practice can also

reduce forgetting and retraining time over repeated sessions (Schneider et al.,

2002). This may be related to the high levels of effort (Pyc & Rawson, 2009)

or user-involvement (Hulstijn & Laufer, 2001) in productive practice. By

requiring users to produce the L2 word, with perfect orthography, flashcard

training guarantees that a significant level of attention has been paid to the

target word, which is a crucial step towards long-term acquisition (Leow,

2015; Schmidt, 1990, 2010).

The Lag Effect in L2 Paired-Associate Learning Under Lab Conditions

As with other domains of learning, it has been shown that distributing

the practice of L2 vocabulary over multiple sessions (spaced) is better for long

term memory than the same amount of practice in a single uninterrupted

session (massed), known as the spacing effect. The spacing effect has been

reported for a wide variety of knowledge and skills (Cepeda et al., 2006;

Donovan & Radosevich, 1999), including for L2 vocabulary (Koval, 2019;

Nakata, 2015; Nakata & Elgort, 2021) and grammar (Miles, 2014). Within a

single session, more spacing between repetitions of the same item has led to

better scores in a posttest (Nakata & Webb, 2016). Whether more spacing

between sessions, i.e. a longer intersession interval (ISI), leads to longer

retention is less clear.
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Very few studies have tested different ISIs for studying L2 vocabulary

over multiple days. In a landmark study by Bahrick (1979), subjects learned

vocabulary pairs to criterion at ISI-1 or ISI-30. The ISI-1 group remembered

more during training, but after a retention interval (RI) of 30 days from the

final training session, the ISI-30 group had retained considerably more

knowledge. Bahrick et al. (1993) also found a lag effect for criterion learning

over a scale of years. These studies were limited by their inclusion of few

participants and very long intervals that would not generalize to authentic

classroom procedures. Li and DeKeyser (2019) also demonstrated a lag effect

for vocabulary retention, using more participants and more pedagogically

relevant intervals. Studying Mandarin words at ISI-1 (daily) or ISI-7 (weekly),

retention was similar when tested seven days after training (RI-7), but at

RI-28, more words were remembered from the ISI-7 condition. In contrast,

studies that have compared lags at a proportionately shorter RI have not found

this effect. Bahrick and Hall (2005) found no difference between ISI-1 and

ISI-14 at RI-14, and Cepeda et al. (2009), who used a range of ISIs from 0 to

14 days, found no significant differences between ISIs of one day or more

when tested at RI-10. It has therefore been claimed that the advantage of a

longer lag only emerges at a suitably long RI (e.g., Bird, 2010) and that the ISI

should be around 10-30% of the RI (Cepeda et al., 2008).

Of the studies that used paired-associate learning, only Bahrick (1979)

used productive recall for training and testing. When tested again eight years

later (Bahrick & Phelps, 1987), the longer ISI was better on a productive recall

test (L1-L2 translation), but not on a productive recognition test in which

subjects saw an English word and selected from five L2 Spanish options.
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These findings indicate that lag effects may differ depending on the type of

knowledge being tested. Li and DeKeyser (2019)’s vocabulary test was also

productive, using pictures as cues. The other studies (Bahrick et al., 1993;

Bahrick & Hall, 2005; Cepeda et al., 2009) used receptive recall (L2-L1

translation) for both training and testing. This difference in practice and testing

directions may confound comparisons between studies (Edmonds et al., 2021).

To our knowledge, no study has used both productive and receptive tests after

different ISIs.

Several different accounts have been put forward to explain the lag

effect. The reminding account holds that more time between encounters makes

retrieval more effortful (Pyc & Rawson, 2009; Koval, 2022). This effort

provides desirable difficulty and enhances learning (Bjork, 1994; Suzuki et al.,

2019). Alternatively, the reconsolidation account (Smith & Scarf, 2017)

focuses specifically on multi-day ISIs and explains the advantage of a longer

lag through a greater degree of consolidation. When retrieved, a more

consolidated memory trace is more effectively reconsolidated. Both of these

accounts hold that if an item is completely forgotten, knowledge cannot be

reinforced. It is therefore desirable to schedule a second session with the

longest possible ISI before an item cannot be retrieved. A shorter ISI may

allow more items to be retrieved, but a longer ISI makes retrievable items

more durable.

The Lag Effect in L2 Vocabulary Classroom Studies

Limited research has also addressed lag effects for L2 vocabulary

learning in the classroom and, to our knowledge, no advantage to a longer lag
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has been reported. Examining assisted repeated reading among 16 year olds,

Serrano and Huang (2018) found equal results from ISI-1 and ISI-7 on

incidental vocabulary learning and an advantage to ISI-1 in a partial

replication involving intentional learning (Serrano & Huang, 2021). For the

learning of vocabulary pairs among 11-13 year olds, Küpper-Tetzel et al.

(2014) found ISI-1 and ISI-10 to both be better than massed learning, with no

significant differences between the two ISI conditions at the delayed posttest.

Rogers and Cheung (2020a, 2020b) examined the learning of L2 vocabulary

among children aged 8-9. The studies found no benefit for the longer lag

(ISI-8), with even a slight advantage to the shorter lag (ISI-1) in one study. All

these studies used ISIs within 10-30% of the RI, so a lag effect could have

been expected.

The above-mentioned classroom experiments differ from digital

flashcard learning in several ways. Firstly, flashcards employ criterion

learning. Incorrectly answered items remain in the cycle to be attempted again

in a subsequent round of retrieval attempts. The session only ends when all

items have been retrieved successfully. Therefore, a repeated session serves to

remind learners of already-learned knowledge. In contrast, previous classroom

studies controlled for the amount of practice time, but not for the achievement

of the learner within a session. Words may not be fully learned within the first

session, making it difficult to classify the second session as a relearning event.

Secondly, classroom studies are interactive, involving multiple learners and an

instructor, as opposed to online flashcards that involve one learner guided by

software. Classroom studies have also used a variety of training tasks, even

within studies (e.g., picture quizzes, animations) as well as a variety of testing

101



formats (vocabulary matching test, crossword puzzles). These human and

task-related factors may lead to less experimental control and less

comparability between studies.

The scheduling of vocabulary flashcard learning in a classroom has

only been investigated for university students and only in terms of an

expanding versus a uniform ISI, rather than the length of the ISI itself

(Schuetze, 2015; Schuetze & Weimer-Stuckmann, 2011). No studies have yet

provided insights into the optimal ISI for vocabulary flashcard training under

classroom conditions or for secondary school learners. The only previous

study in this area used full-sentence items as flashcards with the aim of

learning grammatical accuracy (Serfaty & Serrano, 2022). In this case, the

longer ISI-7 was only better than ISI-1 for students with high L2 proficiency

or fast completion times. ISI-1 was better for participants who found the task

more challenging. Essentially, the more difficult ISI-7 added desirable

difficulty when the task was not already too difficult. There was also a trend

towards ISI-7 being better for the simpler grammatical structure but

detrimental to the more complex structure. While grammar learning involves

applying rules for a single complex structure, vocabulary learning involves

retrieving many independent items. Therefore, it is unclear to what extent

findings from a grammar-learning experiment would apply to vocabulary

learning.

THE PRESENT STUDY

The present study explored lag effects for L2 vocabulary learning

through digital flashcards. Participants retrieved new words over two sessions,

102



with either one or seven days between sessions, and their retention was

assessed after one week or one month. The study represents an important

contribution to the field for several reasons. First, by using paired-associate

vocabulary learning, this study clarifies whether the lag effect from lab studies

among adults applies to a younger demographic and whether the absence of a

reported lag effect in previous studies for this age group is due to task factors

or age-related factors. Second, by using an ecologically valid tool, Quizlet, as

it would be used in authentic classroom conditions or by independent learners,

our findings can be used to provide recommendations as to the optimal

scheduling of L2 vocabulary sets. Third, in contrast to previous research in

this area, the present study used both a productive and receptive recall test.

Inconsistencies in previous research may partially be due to the use of either

productive or receptive tests. The former taps the ability to generate the L2

form in speaking or writing, whereas the latter only tests the ability to

comprehend the L2 word when it is encountered through listening or reading.

Receptive knowledge is known to develop before productive knowledge and

therefore represents a lower level of mastery of the L2 word

(González-Fernández & Schmitt, 2020). In order to disentangle this potentially

confounding factor, it is imperative to explore how lag effects could vary

between these two kinds of knowledge. Finally, although not a specific

research question in this paper, our experiment used the same design as a

grammar experiment (Serfaty & Serrano, 2022), in terms of the tool, ISI, RI,

and number of items. Moreover, the two experiments were conducted in the

same setting and many of the participants involved took part in both

experiments. Consequently, a valid comparison of lag effects for grammar and
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vocabulary learning can be made without the confounds of task differences.

Our research questions (RQs) are as follows:

RQ1: Is there a lag effect for L2 vocabulary learning through digital flashcards

under classroom conditions?

RQ2: Is the lag effect different for productive and receptive knowledge?

For RQ1, we hypothesized that a lag effect would be found, despite it

not being found in previous classroom vocabulary studies, because

paired-associate learning to criterion has produced a lag effect under lab

conditions with the same intervals. No hypothesis was made for RQ2 since

this issue has not previously been explored.

METHODOLOGY

Participants

Participants came from an international school in Cambodia. All

students aged 11-18 were recruited for the training phase of this study on a

voluntary basis, as part of a wider project about memory, aptitudes, and

learning techniques. Around half of students missed at least one session due to

unpredictable school schedules related to COVID-19, and any students that

failed to document their learning as required were also excluded from analysis,

leaving a total of 96 participants (51 female). The distribution of ages was as

follows: n11 = 20; n12 = 16; n13 = 15; n14 = 13; n15 = 16; n16 = 12; n17-18

= 4.
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Experimental Design

Target words. The priority in this experiment was to use target words

that were previously unknown and to be sure that gains could be solely

attributed to the experimental training. In the present sample, English

vocabulary sizes varied greatly, necessitating that target words were from an

unknown language. Hebrew was chosen because it contains many words with

a CVCVC structure with phonology common to English and Khmer. The

categories of animals and food were chosen for their high imageability and

familiarity in English. Each category included eight two-syllable nouns of five

or six letters (e.g. kelev - dog), transliterated into the Latin alphabet (Appendix

A).

Training. Using the Write mode of Quizlet, participants saw an English

cue (e.g. dog) with an image, and typed their response in Hebrew. Since there

was no presentation stage, participants needed to guess incorrectly on Round 1

in order to see the target words for the first time as feedback. They then

continued through the rounds until they had typed all items correctly once (see

Appendix B for screenshots).

There were a total of three training sessions (S). Half the participants

studied animals in the first session (S1) and food in S2, while the other half

did the reverse. In S3, participants studied a combined set of all the target

words. S1 and S3 were separated by one week (ISI-7) while S2 and S3 were

separated by one day (ISI-1). Figure 1 shows the timing of each session.

Tests

Participants were tested on all 16 items, firstly through productive

recall (L1-L2 translation) and then through receptive recall (L2-L1
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translation), as defined by Nakata (2020). Since the possible answers for the

receptive test were used as cues in the productive test, some priming was

unavoidable. A distraction round of three unrelated questions preceded the

receptive test in order to reduce priming effects. Cronbach’s alpha showed

high internal consistency for animals and food for productive (.815; .830) and

receptive (.746; .792) measures.

To avoid testing effects, RI was a between-subjects variable (Suzuki,

2017). RI-7 and RI-28 were chosen based on their relevance to real school

schedules and for comparability with previous research using the same

intervals. Based on claims that the optimal ISI is 10-30% of the RI (Cepeda et

al., 2008), ISI-1 would be optimal for RI-7 and ISI-7 would be optimal for

RI-28.

FIGURE 1
Experimental Design

Procedure

Participants were split alphabetically within grade levels to assign

categories to ISIs. RI groups were manipulated after training so that the order

of categories was equally represented at each RI, with no statistically

significant differences in mean age or time on task (see Appendix C).

All sessions were conducted under conditions in which the students

would normally engage in independent study, either in a classroom separated
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according to COVID-19 guidelines or from home. Consequently, participants

did not interact meaningfully with each other or with the instructor during

training or testing. Students were supervised as in normal studying conditions,

but were required to follow the prompts of the software independently.

Participants were already familiar with Quizlet. They recorded their

time on task and added screenshots of their progress in Google Classroom (see

Appendix D). Posttests were completed individually on their assigned days.

ANALYSIS

Posttests were scored one point for each correct response with a

possible total of eight points. No ambiguous or partially correct responses

were identified. Paired-samples t-tests showed no statistically significant

differences in posttest scores between categories for productive (animals: M =

2.43, SD = 2.41; food: M = 2.16, SD = 2.38), t[95] = 1.417, p = .160) and

receptive measures (animals: M = 3.79, SD = 2.37; food: M = 3.61, SD =

2.47), t[95] = 0.775, p = .440).

A generalized linear model with a binomial outcome was performed

using SPSS 27 (IBM, 2020), which is suitable for data that is not normally

distributed. Participant and item variations were included as random factors.

Initially, individual differences of age and time on task were included as

covariates, but they had no effect and were removed. The fixed predictors

were ISI, RI, and test (productive, receptive), as well as their possible

interactions.

The effect size for this model is the odds ratio (OR), representing the

added likelihood of a correct response in one condition over another. For
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example, OR = 2.000 implies that a correct response is twice as likely from the

condition with the higher mean. The OR will be interpreted as small (1.68),

medium (3.47), or large (6.71) following Chen et al. (2010). Significance tests

were two-tailed and the alpha was set at p = .005 with sequential Bonferroni

correction.

RESULTS

We first present training data in order to better interpret the results,

followed by descriptive and inferential statistics for the posttests. All datasets

and syntax can be found online.

Training

Two measures were used to examine participants' training

performance: time on task during the learning (S1 and S2) and relearning

sessions (S3), and accuracy at the beginning of S3 (see Table 1).

TABLE 1

Minutes on Task and Accuracy at Round 1 of S3 (maximum 8)

Minutes S3 Accuracy

S1 S2 S3 ISI-1 words ISI-7 words

7.86 (4.08) 6.53 (6.17) 9.66 (5.09) 1.25 (1.77) 0.65 (1.53)

Time on task was highly variable between participants, based on the

SD. On average, participants required less than one minute for each word. The

time to complete S3, which included all words from S1 and S2, was less than
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the sum of the previous two sessions, indicating that relearning was faster than

learning. However, very few words were typed without errors on Round 1 of

S3, averaging at just over one out of eight from ISI-1 and less than one from

ISI-7. This difference was statistically significant but small, t[89] = 3.809, p <

.001, d = 0.362.

Posttest Results

Table 2 displays the descriptive statistics for posttest scores. Overall,

scores were quite low, which is unsurprising after only two sessions with

relatively long RIs. As expected, receptive scores were higher than productive

scores and RI-7 scores were higher than RI-28 scores. Crucially, ISI-7 words

were better remembered than ISI-1 words.

TABLE 2

Posttest Results from Productive and Receptive Tests by ISI (maximum score = 8)
and together (maximum score = 16) at RI-7, RI-28 and Overall

Productive Receptive

RI-7 RI-28 Overall RI-7 RI-28 Overall

ISI-1 2.42
(2.28)

1.42
(2.13)

1.92
(2.25)

4.27
(2.20)

2.25
(2.42)

3.26
(2.51)

ISI-7 3.17
(2.63)

2.17
(2.24)

2.67
(2.49)

4.52
(2.25)

3.77
(2.19)

4.15
(2.24)

All words 5.58
(4.60)

3.58
(4.02)

4.58
(4.41)

8.79
(4.07)

6.02
(4.09)

7.41
(4.29)
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FIGURE 2

ISI-1 and ISI-7 Items at RI-7 and RI-28 for Productive and Receptive Tests.

Statistical Model

Full details of the model, including all non-significant means and

effect sizes, can be found in Appendix S1. The GLMM produced statistically

significant but small main effects for all variables. ISI-7 scores were

significantly higher than ISI-1 scores (p < .001, OR = 1.613), RI-7 scores were

significantly higher than RI-28 scores (p = .004, OR = 1.972), and receptive

scores were significantly higher than productive scores (p < .001, OR =

2.188).

The interaction between ISI and RI was significant. While RI-7 scores

were always higher than RI-28 scores, the drop was bigger in the ISI-1

condition (p = .001, OR = 2.425) but less pronounced in the ISI-7 condition (p

= .046, OR = 1.603). Viewed differently, the difference between the ISI

conditions was smaller at RI-7 (p = .003, OR = 1.310) but larger at RI-28 (p <

.001, OR = 1.984). Thus, retention between the two RIs was better for words

learned at ISI-7.
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The other two-way interactions (ISI*test and RI*test) were not

statistically significant in this model, but there was a significant three-way

interaction between all predictor variables. For productive scores, the drop

from RI-7 to RI-28 was consistent for words from ISI-1 (p = .017, OR =

2.012) and ISI-7 (p = .030, OR = 1.764). However, for receptive scores, only

the drop for ISI-1 words was significant (p < .001, OR = 2.924). For ISI-7, the

drop was not significant (p = .124, OR = 1.457). The advantage to ISI-7 words

at the longer RI was therefore more pronounced in receptive scores than in

productive scores.

DISCUSSION

The present study aimed to investigate the optimal scheduling of

vocabulary learning with digital flashcards under conditions applicable to a

classroom. Using Quizlet, secondary school students aged 11-18 learned 16

novel foreign words at either ISI-1 or ISI-7 (within-subjects), and were tested

at either RI-7 or RI-28 (between subjects), on both productive and receptive

measures.

Results showed a small but statistically significant difference between

ISI conditions, according to which ISI-7 led to better retention at both RI-7

and RI-28. This contrasts with previous research in several important ways.

Firstly, previous classroom research on L2 vocabulary using other types of

tasks did not find a lag effect (Küpper-Tetzel et al., 2014; Rogers & Cheung,

2020a, 2020b; Serrano & Huang, 2018, 2021). Secondly, previous SLA

studies have only found an advantage to a longer ISI at the longer RI (Bahrick,

1979; Bird, 2010; Li & DeKeyser, 2019), whereas our results showed the lag
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effect to be consistent at the shorter and longer RIs for productive measures.

Finally, a grammar-learning experiment using Quizlet with the same intervals

(Serfaty & Serrano, 2022) found no global advantage to either condition.

Instead, ISI-7 was beneficial under easier conditions, in terms of linguistic and

learner-related difficulty, and ISI-1 was better for more difficult conditions.

Grammar and vocabulary learning therefore appear to be differently affected

by lag when controlling for task type and other methodological factors. To

interpret this difference, it would be reasonable to assume that single items of

vocabulary are simpler to remember than the complex rules of long sentences.

This assumption is supported by the much shorter training times in the present

study. Therefore, the more difficult ISI-7 would add desirable difficulty to the

comparatively simple vocabulary learning task as compared to the complex

grammar task. It is noteworthy that both experiments only used productive

recall practice, which is more difficult than receptive recall practice.

Following our rationale, it is possible that the added difficulty from ISI-7

would have a larger benefit on receptive practice.

The present study also compared productive and receptive vocabulary

knowledge. Despite the fact that the training involved productive recall

practice, significantly higher scores were obtained on the receptive test, in line

with claims that receptive vocabulary knowledge develops earlier and is easier

to attain than productive knowledge (Laufer & Goldstein, 2004;

González-Fernández & Schmitt, 2020). The advantage to ISI-7 for productive

knowledge is theoretically interesting but the difference in scores (18% vs

27% at RI-28) was small. However, in the receptive test, the difference in

scores (28% vs 47% at RI-28) would be quite meaningful in an educational
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context. Chen and Truscott (2010) also found bigger effects on receptive tests

than on productive tests for different quantities of input.

A speculative interpretation could be that for many items, receptive

knowledge was retained between sessions, whereas productive knowledge was

not. This is similar to a finding from a study by Barclay and Pellicer-Sánchez

(2021) in which form-recall knowledge decayed while easier form-recognition

knowledge was retained. Only retained knowledge can be reinforced through

relearning and so receptive knowledge may be more likely to be reinforced.

Conversely, productive knowledge of the same words would need to be

encoded anew. Some evidence for this is found in the training data, in that

words were generally not retrievable productively at the start of S3, but that

relearning was faster than learning. This implies that partial knowledge was

retained, i.e., receptive knowledge. When the feedback from Round 1 was

presented, this perhaps reminded participants of their retained receptive

knowledge with a strengthening effect. This would be the case from both ISIs,

but words from ISI-7 would be more effortful to retrieve, or better

consolidated, leading to more effortful retrieval or stronger reconsolidation of

ISI-7 words from the feedback. Therefore, as more words were retained

receptively than productively between sessions, the lag effect was stronger for

receptive knowledge.

The statistically significant advantage to ISI-7 in the productive test

implies that the lag effect could be similar for productive knowledge if it was

more developed or better retained between sessions. This could be achieved

through adding more sessions (Rawson et al., 2018). It is clear that two

sessions of Quizlet for L2 vocabulary, as an isolated activity, are not enough.
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Nakata et al. (2021) showed the importance of cumulatively reviewing

vocabulary over a long period of time and over multiple sessions in order to

avoid forgetting. Rawson et al. (2018) have advocated for more studies

involving several sessions that result in higher scores, pointing out that such

low scores would not be useful to real students needing to pass exams.

One finding from the training data requires explanation. Current

accounts of the lag effect (Koval, 2022; Smith & Scarf, 2017) emphasize that

successful retrieval is necessary for a longer lag to have a facilitative effect on

retention. However, words from ISI-7 were not typed correctly at the first

round of S3 and therefore it could not be claimed that successful retrieval

followed the longer lag. Despite this, a lag effect was detected.

One explanation is that through criterion learning, successful retrieval

was achieved for all words within all sessions, and that the retrieval of ISI-7

words in S3 was still more effortful than for ISI-1 words, even if that retrieval

came in Round 2 or Round 3. This conjecture is supported by the higher

retrieval success rate from ISI-1 items in Round 1 of S3. Though only one

item on average was recalled, this indicates that ISI-1 items were more

accessible in memory, having been learned only one day earlier. Consequently,

successful retrieval on Round 2 of S3 could still be more effortful for ISI-7

words, which would then promote better long-term memory.

Alternatively, it is probable that ISI-7 words required more retrieval

attempts in S3 than ISI-1 words. Some viewpoints hold that unsuccessful

retrievals are also beneficial, priming the learner to pay attention to feedback

(Kornell & Vaughn, 2016). For Quizlet in particular, if a word is typed

correctly, the user does not see it in feedback. Therefore, more incorrect
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responses elicit more visual feedback and more retrieval attempts, which could

have reinforced memory (Nakata, 2017; Webb, 2007). Barclay and

Pellicer-Sánchez (2021) found that more attempts to reach criterion in

productive flashcard learning resulted in better retention at their RI-28

form-recognition test. From another perspective, Bahrick and Hall (2005)

argued that unsuccessful attempts prompt the learner to identify bad

mnemonic strategies. If a word is easy to retrieve due to a short lag, a bad

strategy might not be detected, but an unsuccessful retrieval attempt may

prompt the learner to develop a better strategy.

LIMITATIONS AND FUTURE DIRECTIONS

The present study targeted L2 classroom learning with an aim of

providing pedagogical recommendations. In order to maintain ecological

validity, Quizlet was chosen as the tool under examination. However, Quizlet

could not provide precise insights into the learning process. A partial

replication of the present design using a research-focused tool, such as Gorilla,

could facilitate deeper insights into learning processes by tracking learners'

response times on successful retrievals and the number of trials required to

reach criterion per word. These indicators could confirm our speculation that

more effort was induced in retrieving words from the longer lag or that more

retrieval attempts led to better retention.

A further limitation of the present study is that the receptive test came

after the productive test, using the same items, and that participants only

engaged in productive practice during training. It would be interesting to

compare lag effects for both productive and receptive practice, using enough
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target words to test both productive and receptive knowledge without

repeating items. Additionally, a future study could conduct a productive and

receptive test without feedback at the beginning of S3 in order to compare

how much of each kind of knowledge was retained after different lags.

CONCLUSIONS AND PEDAGOGICAL IMPLICATIONS

The present paper has reported an experiment in which secondary

school students used Quizlet to study unknown words over two sessions, using

productive recall, with either one day or one week between sessions. The

longer interval promoted better retention of learned items, especially on

receptive measures. To our knowledge, this is the first study that has

confirmed the lag effect for L2 vocabulary learning in a secondary school

context and the first reported difference of lag effects for productive and

receptive measures. These findings have direct pedagogical implications.

Digital flashcards offer teachers a method of building a baseline of vocabulary

knowledge for individual learners. Although scores were quite low in the

present experiment, it would be expected, and recommended, that flashcards

are reviewed more than twice in order to preserve memory for longer.

Moreover, vocabulary sets should be used as a supplemental activity to

meaningful language practice, either beforehand to pre-learn key vocabulary,

or afterwards to prevent forgetting. Most importantly, our results suggest that

teachers should schedule these sessions at multi-day intervals, rather than

repeating the same set on consecutive days. This should help students to

remember what they study for longer and reduce the amount of sessions

required to build reliable and durable L2 vocabulary knowledge.
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Appendix A – Target Items

Target English Image Target English Image

Kelev Dog Lehem Bread

Hatul Cat Halav Milk

Namer Tiger Mayim Water

Keves Sheep Tapuz Orange

Arnav Rabbit Gezer Carrot

Tanin Crocodile Marak Soup

Nesher Eagle Basar Meat

Karish Shark Glida
Ice

Cream
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Appendix B – Quizlet Screenshots

Cue:

Feedback after an incorrect response:
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Appendix C – Mean age and training time of experimental groups

Posttest

RI

Animals first Food first Total

RI-7 n = 24

Age: M = 13.46 (2.13)

Time: M = 25.95 (15.67)

n = 24

Age: M = 13.17 (1.86)

Time: M = 21.23 (7.98)

48

RI-28 n = 26

Age: M = 13.23 (1.58)

Time: M = 22.75 (11.63)

n = 22

Age: M = 13.95 (1.96)

Time: M = 25.05 (10.25)

48

Total 50 46 97

Comparison between RI-7 & RI-28 t sig

Age 0.650 .518

Time on Task 0.337 .737
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Appendix D – Google Classroom Screenshots

Assignments appeared in the participant’s classroom at the specified time.

Each assignment contained a Google Doc with the Quizlet link matching that

participant’s experimental condition.

The Google Doc had space to record their times and provided the link to the

Quizlet set. They were required to add screenshots of the final page, which

showed their progress in each round. Google Classroom also tracks the time

that the doc was opened and submitted.
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Practice makes perfect, but how much is necessary?

The role of relearning in L2 grammar acquisition.

Abstract

This paper investigated how much practice is necessary to attain robust L2

grammar knowledge. Using digital flashcards, 119 participants learned an

artificial language and practiced translating sentences from English with

feedback. Participants performed one, two, three, or four relearning sessions

on consecutive days. The number of trials needed to complete each session

was recorded. At a 14-day posttest, groups with three or four relearning

sessions achieved similarly high scores on productive tests, with significantly

lower scores for the other groups. Receptive scores were high for all groups.

Accuracy tended to peak on the third day. An analysis by individual training

performance revealed that durable knowledge was attained after completing

two sessions with minimum trials, regardless of how many sessions were

performed. The findings provide a timeframe for processes described in Skill

Acquisition Theory (DeKeyser, 2020) and demonstrate the amount of

repeated output practice needed to proceduralize L2 grammar knowledge.

Keywords

flashcards; grammar; practice; relearning; skill acquisition theory

Introduction

With the recent global surge in online learning, self-paced second language

(L2) practice is more prevalent than ever. For vocabulary, digital flashcard
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apps like Quizlet are widely used, but less is known about using such apps

for practicing the formulation of grammatical sentences. Grammatical

accuracy often lags behind the development of vocabulary and fluency, and

form-focused activities help to bridge this gap (Lyster, 2004; DeKeyser,

2010; Swain, 1988). Serfaty and Serrano (2020) demonstrated that flashcard

apps could also be used for grammar practice, reporting gains of 82% that

were largely retained after 18 weeks. However, a follow-up study using a

similar methodology (Serfaty & Serrano, 2022) reported scores averaging

50% at the 7-day posttest and 25% after 28 days.

While these studies differed in several ways, one salient difference was

the quantity of practice. Note that flashcards involve criterion learning,

meaning that a session ends only after every item has been answered

correctly. A repetition of this session on a different day can be classed as a

relearning session (Bahrick, 1979; Rawson & Dunlosky, 2011), since the

material has already been learned once. The high scores from Serfaty and

Serrano (2020) came after three relearning sessions per structure, whereas the

low scores from Serfaty and Serrano (2022) came from only one relearning

session.

Cognitive psychologists have compared the retention of vocabulary

pairs (Bahrick, 1979; Pyc & Rawson, 2007, 2009, 2011; Rawson et al., 2018;

Vaughn et al., 2016; Vaughn et al., 2013) and key-term definitions (Rawson

& Dunlosky, 2011, 2012, 2013; Rawson et al., 2013) after different amounts

of retrieval practice to criterion. These studies found that for each additional

successful retrieval in the learning phase, retention increased with

diminishing effects. Importantly, the effects of relearning on different days
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far exceeded the effects of overlearning within one session (Rawson et al.,

2018). These studies concerned only the learning of idiosyncratic chunks of

information, known as declarative knowledge. L2 grammar is a skill that

involves combining linguistic parts according to rules. These rules might first

be acquired as declarative knowledge, but according to Skill Acquisition

Theory (SAT) the repeated application of these rules leads to the

development of procedural knowledge, which is “knowledge that can only be

performed” (DeKeyser, 2017, p. 17). Declarative and procedural L2

knowledge have been shown to have different properties in terms of learning

rate and retention (Li & DeKeyser, 2019), which prevents conclusions from

the extant relearning literature from applying directly to L2 grammar

practice.

Studies of L2 grammar practice (e.g., DeKeyser, 1997; Ferman et al.,

2009; Suzuki, 2017) have investigated the rate of improvement during the

training phase and documented a subadditive pattern following the power law

of practice found in other domains of skill acquisition (Newell &

Rosenbloom, 1981). Accordingly, performance in accuracy and speed

improves steeply in the initial stages and then gradually curves off until no

further improvement is observable. It has been theorized that procedural

knowledge is durable when these performance metrics level off (Kim et al.,

2013). Consequently, for L2 grammar practice, there should be a point at

which long-term knowledge is attained, and this should be predictable from

training measures. However, to the best of the authors’ knowledge, no study

has yet investigated how much practice is necessary to achieve this or

whether training performance indeed predicts later knowledge. This therefore
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constitutes an important gap in the literature which needs to be filled not only

for theoretical but also for pedagogical purposes. Determining how much L2

grammar practice is enough would provide a very useful guide for teachers

and learners in efficiently allocating study time.

In the present paper, we compared groups that performed one, two,

three, or four relearning sessions after an initial training session. First, we

examined the groups’ knowledge after 14 days without exposure to the target

language. This timeframe will be deemed “long-term” in this paper,

considering that it is a significant period of time to remember the rules and

words of an artificial language, especially considering that participants were

not told that the final session would test their knowledge. Second, we

analyzed training performance to find out how many sessions are needed

before accuracy no longer improves. Finally, we explored whether accuracy

during training could predict accuracy in posttests, which would be

especially useful for learners who wish to know when they have completed

enough practice to attain long-lasting knowledge. In investigating these three

questions, we aim to deepen our understanding of the learning processes for

L2 grammar within the framework of SAT, as well as to provide

pedagogically relevant recommendations regarding the optimal allocation of

time for L2 grammar practice.

Literature Review

Digital Flashcards for Grammar

Digital flashcards are applications that prompt users to retrieve target

information (e.g., L2 vocabulary item) from a cue (e.g., first language [L1]
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translation). Non-target responses are met with feedback, showing the actual

target, and are recycled until all items have received a correct response.

Numerous studies have found flashcards to be a popular and effective

method of learning, especially for L2 vocabulary (see Nakata, 2020 for a

review).

Flashcards have also been used for L2 grammar learning (Serfaty &

Serrano, 2020, 2022), meaning the ability to produce a full sentence in the L2

accurately without any parts of the sentence provided. Learners are presented

with a meaning cue (e.g., a sentence in the L1) and type a full sentence in the

L2. Each flashcard exemplifies a grammatical pattern. As a simple example,

by producing I eat rice, You eat rice, He eats rice, and She eats rice, it can be

induced that the -s is added for He and She, but not for I and You. A more

complex example could be the formulation of different sentences using the

third conditional structure (e.g., If I had seen him, I would have told him) to

learn the pattern “If + subj + had + PP + obj, subj + would + have + PP +

obj”. This approach to grammar learning differs from more form-focused

activities, such as conjugating a given verb or correcting an error, in that a

full L2 sentence must be generated from meaning without support. Thus,

although flashcards are designed with a target in mind, all elements of the

sentence must be learned and produced perfectly during training.

Flashcards facilitate highly controlled output practice, theorized to

serve several functions (Swain, 1995). The cues prompt learners to notice

any gaps in their knowledge and engage in hypothesis testing by typing their

attempted L2 sentence. This is then met with explicitly corrective feedback

that allows a comparison between interlanguage forms and target forms
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(Zalbidea, 2021). Repeatedly practicing the same target structure allows for

the proceduralization of accurate forms (Lyster & Sato, 2013).

Quantity of Practice from Paired-Associate Research

Cognitive psychologists have compared different quantities of

learning for translations and definitions of target words. One focus of

paired-associate research has been on overlearning, defined as the immediate

continuation of learning, within the same session, of already-learned items

(e.g., Rohrer et al., 2005). When additional correct retrievals are required

before an item drops from a session, a subadditive effect is found (e.g., Pyc

& Rawson, 2009; Vaughn et al., 2013). That is, posttest scores are higher,

with progressively diminishing gains towards asymptote (Fig. 1).

Figure 1
Illustration of subadditive effects from overlearning

Another focus has been on relearning, with more relearning sessions

facilitating higher gains (Bahrick, 1979; Bahrick et al., 1993). In studies

using incremental increases in the number of sessions (Rawson & Dunlosky,
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2011, 2012; Vaughn et al., 2016), the same subadditive effect from

overlearning is found for relearning. However, relearning seems to be far

more effective than overlearning (Rawson et al., 2018). Vaughn et al. (2016)

compared retained knowledge from conditions with varying levels of

overlearning in the initial session (1-7 correct retrievals) and varying

amounts of relearning sessions (1-4). The mean score for items learned four

times within a single session was 28%, but when the same number of

retrievals were distributed over four weeks, the mean score was 74%.

Skill Acquisition Theory

The studies mentioned in the previous section only examined

declarative knowledge. Procedural knowledge, on the other hand, is the

ability to perform a sequence, such as applying grammar rules in a sentence,

and is developed through repeated practice. Declarative knowledge is

acquired quickly but prone to decay, whereas procedural knowledge develops

more slowly and is much more durable (Kim et al., 2013; Li & DeKeyser,

2017; Ullman, 2020).

SAT, adapted to instructed L2 learning by DeKeyser (2017, 2020),

assumes that learners begin with declarative knowledge, which is

proceduralized through practice. This knowledge then undergoes

automatization, characterized by the gradual reduction in errors and response

times (RTs) in retrieving knowledge or performing a skill. Kim et al. (2013)’s

Skill Retention Theory (SRT) describes how the trajectory of progress in

accuracy and RTs for performing a skill may correspond to three stages of

learning from SAT, which they referred to as (1) declarative, (2) declarative +
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procedural, and (3) procedural, shown in Figure 2. We have chosen to label

the third stage as automatized knowledge because although declarative

knowledge is no longer needed, it is also not necessarily lost.

Figure 2
Theoretical improvement in accuracy and type of knowledge attained based on Skill
Retention Theory

At Stage 1, knowledge is declarative, analogous to being able to

explain a grammar rule. Through application, early procedural knowledge is

developed relatively quickly, moving into Stage 2. This transition, known as

proceduralization, is reflected in a steep reduction in errors or RTs. During

Stage 2, the learner still relies on the initial declarative knowledge. Training

performance improves more gradually as procedural knowledge is slowly

automatized through practice. As procedural knowledge becomes more

dominant, declarative knowledge is relied upon to a lesser extent. Finally, the

learner reaches Stage 3, evidenced by a leveling off in training performance.

Here, declarative knowledge is no longer needed to produce a grammatical

sentence. Even if rules are forgotten, learners are able to use grammar
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structures appropriately. Kim et al. (2013) suggested that relearning is

beneficial during Stages 1 and 2, but not after Stage 3. Applying this idea to

L2 grammar learning, DeKeyser (2017) claimed that “intensive practice of

known structures is only useful if it takes learners from the proceduralization

stage (where declarative and procedural knowledge are used) to the

automatization stage (where knowledge is completely procedural already).”

(p. 96). However, to the best of our knowledge, no previous study has

examined how different degrees of relearning, or intensive practice, affect the

acquisition of L2 grammar knowledge in relation to the different stages

reached during the training phase.

The Present Study

The present study compared groups practicing an artificial language

with flashcards on two, three, four, or five consecutive days. The language

included three fixed vocabulary items as well as subject and object pronouns

to be constructed according to rules. All items were answered correctly

during every session. If the language was still known after 14 days of disuse,

we considered this to constitute robust knowledge. Our first question

pertained to the number of relearning sessions necessary to attain this level of

knowledge. SRT posits that knowledge is only durable after reaching Stage 3

and that no further learning past this stage is necessary. Based on previous

studies using grammar flashcards (Serfaty & Serrano, 2020, 2022), it seems

likely that the number of relearning sessions required to achieve robust

knowledge is somewhere between one and four. We therefore hypothesized

that a “threshold” for durable knowledge would be passed within one to four
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relearning sessions, with no further improvement from relearning past this

point.

Another aim of the present study was to establish how many relearning

sessions are needed before the learner no longer sees improvement in

accuracy during training, which SRT predicts to be indicative of robust

knowledge. Previous studies (DeKeyser, 1997; Ferman et al., 2009;

Pili-Moss et al., 2020; Suzuki, 2017) have shown a steep drop in errors after

the first session and a flattening of the curve at around the fourth session,

which might be an indication of what to expect from flashcard training.

Next, we examined individuals’ scores as a function of their final

attainment during training, rather than the number of relearning sessions they

performed, in order to explore whether it was possible to predict, during

training, when a learner has attained long-lasting knowledge. Groups based

on the number of relearning sessions provide a general idea as to the effects

of practice, but some structures and some individuals may require different

amounts of practice (Ferman et al., 2009). We hypothesized that participants

would achieve the highest posttest scores if their training performance

plateaued, which Kim et al. (2013) suggest is a sign of durable knowledge.

Our research questions (RQs) are as follows:

(RQ1) How many relearning sessions are needed to achieve durable

L2 grammar knowledge, as shown by a 14-day posttest?

(RQ2) After how many relearning sessions does accuracy no longer

improve during training?

(RQ3) Can an individual's accuracy during training predict when they

have acquired robust L2 grammar knowledge?

139



Methods

Pilot

A pilot study was conducted to ensure that the artificial language was

not too easy or too difficult. Using Quizlet, 30 volunteers from 8 countries

aged 19-63, recruited through social media, studied the artificial language

through inductive learning. They saw a sentence in English, attempted to

type the translation in the artificial language, and studied the feedback in

order to learn the rules. Participants practiced the set on either two, three, or

four days. They each then performed cued-recall tests one, five, and 28 days

after training. Results revealed highly variable abilities to learn the rules of

the language, with times on task during the first session ranging from five

minutes to over an hour, corresponding somewhat to age. Subsequent posttest

scores, ranging from 0% to 100%, were heavily dependent on first-session

performance. As a result, it was decided to include a guided rule-learning

phase before the main task and to recruit only participants aged 18-30.

Further, scores of 100% at the 1-day posttest consistently predicted identical

scores at the 5-day and 30-day posttests, so it was decided to use a single

posttest with a long enough interval for forgetting to occur. Finally, since

Quizlet could not track trials and times, Gorilla (www.gorilla.sc) was chosen

instead.

Participants

Participants were recruited via Prolific (www.prolific.co) and paid

£10/hour. A filter was set to recruit only participants with fluency in English
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(because instructions and cues were in English), aged 18-30, with a high

school diploma or higher. The recruitment description heavily emphasized

that this study would be difficult, involve multiple days, and that missing any

day would result in no compensation. The intent was to attract only

committed participants. Prolific offers a multitude of simple and

well-compensated surveys that would be more suitable for any participant

with time constraints or who was unmotivated to engage in language

learning.

Participants came from 32 different countries with different L1s. Three

participants were later excluded based on their performance (see Data

Preparation). The final number of participants was 119, with 29 in the group

with one relearning session and 30 in the remaining groups. Participant

attributes, including age, gender, L1, and language learning background, had

no discernible impact on results (see Appendix S1 in the online supporting

materials for details).

Target Language

The target language was NamiChip, a miniature language developed

for this paper by the first author. An artificial language was chosen in order

to control for previous knowledge or practice outside of the treatment and

was designed to be easily learnable. The target rules related to the marking of

pronouns and nouns, with distinctions for case (subject/object), person (1st,

2nd, 3rd), and number (singular/plural) in an SVO structure. Since all

participants were proficient in English, which also codes pronouns by these

distinctions, this was expected to be conceptually simple. Vocabulary
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included personal pronouns, one noun (dog), two verbs (have and like), and

one number (two), as seen in Table 1. Pronouns were formed by adding the

correct suffix to the letter “K”, all subjects started with a small “s” (though

capitalization was not tested), and plurals were marked by doubling the final

letter. Words were combined in 24 different sentences, 12 for training and 12

for posttests (see Appendix S2), all designed to practice the same targets.

Novel sentences were used for testing to ensure that participants had learned

the rules governing the sentences, rather than memorizing whole chunks.

Table 1
All words in NamiChip

Subjects Objects

sKI I KI Me

sKU You KU You

sKII We KII Us

sKEE They KEE Them

sCHIP/sCHIPP Dog/Dogs CHIP/CHIPP Dog/Dogs

Additional words: NAMI = like ; TEN = have ; BI  = two

Training Procedure

The study was developed and conducted through the online platform

Gorilla. Participants first agreed to the use of their data, to not take any notes,

to finish quickly while still checking for accuracy, and to set a reminder for

each subsequent session. Although participants could not be monitored, it

was hoped that these agreements would encourage them to follow the

142

https://osf.io/v7pz3/?view_only=a5d82e9d626a4449a409a7d1b9709009


experiment faithfully. While this is no guarantee of what participants did, any

non-adherence to the experiment would be equally likely in all conditions

and in any case, a supervised classroom setting would present the same issue.

In the guided-learning phase, participants first learned the words and rules of

the language by answering questions. For example, one screen showed that

“CHIP” means dog and “CHIPP” means dogs and asked participants to select

the rule for plurals from the options: (1) Add -s (2) Double the last letter (3)

Write the whole word twice (4) This language has no plurals. Another section

involved typing individual words from the language, similar to using

vocabulary flashcards. Incorrect answers prompted feedback and additional

chances until all the vocabulary and rules had been learned. Appendix S3

displays all screens from this phase.

In the second phase of the training session, participants saw an English

sentence and were asked to provide the translation in NamiChip (Fig. 3). If

incorrect, they saw the target sentence alongside their own response (Fig. 4),

and the flashcard was sent to the back of the cycle. If correct, they saw

positive feedback (Fig. 5) and the flashcard was removed. This phase

simulated commercial flashcard software, such as Quizlet, within Gorilla.

Subsequent relearning sessions simply repeated this second phase using the

same 12 sentences each time.
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Figure 3
Typing the translation of a cue

Figure 4
Negative feedback
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Figure 5
Positive Feedback

Training Performance

The main goal of the training was for participants to acquire and retain

accurate production of the target language. In training, accuracy was

operationalized as the number of trials per session. Since all sessions had a

minimum of 12 trials, corresponding to 12 correctly typed items, any trials

above this number indicated incorrect responses. A reduction in trials is

therefore an improvement in accuracy.

As well as the number of trials per session, previous grammar studies

have recorded RTs (DeKeyser, 1997; Ferman et al., 2009; Pili-Moss et al.,

2020; Sato & McDonough, 2019; Suzuki, 2017; Suzuki & DeKeyser, 2017).

The present study did not analyze this metric because some confounding

variables were identified. For typed responses, especially of multi-word

items, speed would be influenced by a participant’s typing skills, their
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keyboard, and their connection speed, rather than being a pure measure of

internal processing speed. Any improvement in RTs could not be separated

from participants’ improved ability to type new words quickly. These factors

are likely to overshadow changes in processing speed, which is measured on

the scale of milliseconds. Additionally, no time pressure was imposed in the

training. Participants were encouraged to finish quickly but to check

responses before submitting, resulting in more time for more diligent

participants. Moreover, if an item was answered correctly on its second

attempt, the RT might be lower than if it had been answered correctly on the

first attempt because it had been recently practiced. This presents a dilemma

as to whether to analyze RTs for only correct responses or for all responses.

Due to these issues, and because the focus of the present study was accuracy

development, the number of trials per session was the only measure of

performance analyzed.

Instruments

Participants knew that there would be a final session, but they were not

informed that this would be a test. The first posttest took the same format as

the training, but without feedback. Participants saw English cues and were

asked to provide a translation in the target language. In the second test, the

same target sentences became cues and participants had to translate them into

English. Although both tests involved actively producing language (i.e., they

tested participants' recall and not just recognition of the target forms), the

first test required productive knowledge of the target language (translating

from the L1 to the L2) whereas the second test only required receptive
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knowledge of the target language (translating from the L2 to the L1). We will

therefore refer to these tests as productive and receptive tests respectively.

Vocabulary research has consistently found receptive recall to be higher than

productive recall (Laufer & Goldstein, 2004; Nakata, 2016; Nakata & Webb,

2016; Webb, 2009), and so while productive scores are the primary interest

of the present paper, the subsequent receptive test was expected to capture

weaker knowledge traces which might not be observable from the productive

test. To the best of the authors’ knowledge, no previous study has compared

productive and receptive grammar knowledge, operationalized as L1 to L2

versus L2 to L1 translation, after different amounts of practice. It was

therefore included as an initial exploration of this issue, despite not being a

main focus of the paper.

Upon completing both tests, participants entered a debriefing phase

where they were asked to rate the training for enjoyment, ease, and perceived

effectiveness on a 5-point Likert scale, followed by a space for them to write

about their feelings. This allowed us to gain some insight into the

participants’ experiences. We also included a space for them to specify any

rules of the language that they remembered. It was rationalized that even if

knowledge was proceduralised during training, posttest responses after a

14-day gap may involve some retrieval of declarative knowledge, or that

declarative knowledge could be reverse-engineered upon reflection. This

question was included in order to facilitate the interpretation of our data.
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Experimental Design

The training session (TS) and relearning sessions (RSs) took place on

consecutive days. A short interval of one day was chosen in order to

minimize participant attrition while still allowing enough time for the

consolidation of knowledge between sessions (Ferman et al., 2009). The

retention interval between training and testing was 14 days, the longest

possible interval before Prolific would automatically pay participants, who

might not then complete the posttest. The four conditions differed only in the

number of RSs performed (1, 2, 3, or 4). Figure 6 shows the experimental

design.

Figure 6:
Experimental design.

Note: TS = Training Session. RS = Relearning Session.

Data Preparation

Posttests were scored automatically in Gorilla. Incorrect responses

were manually checked for answers that were correct despite not exactly

matching the target response. For example, if there was an error in the
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number of spaces or, in one case, where the English response had the spelling

error “doggs”.

Two participants were excluded for not having attempted to translate

the cues. One additional participant was removed for having required

considerably more trials in the first two sessions (TS = 72, RS1 = 74) than

the participant with the next highest number of trials (TS = 53, RS1 = 36),

with no correct answers in the posttest.

Finally, the comments from participants were checked. It was observed

that the majority of participants were able to list the rules of the language

extensively. These observations support the validity of the data because

participants would not be reasonably expected to remember these rules

without having participated faithfully in the experiment. Moreover, the

comments about feelings revealed some emotional investment from both

high and low scoring participants. These comments can be found online in

Appendix S4. The 5-point Likert survey on perceptions was checked for any

ostentatious differences between groups, which could have affected results.

All groups rated enjoyment and effectiveness very positively at 4-5, while

ease was rated slightly lower at 3-4 for all groups. Descriptive results of this

survey are presented in Appendix A.

Analysis

All statistical analyses were performed using SPSS 27 (IBM, 2020).

To analyze posttest scores, Generalized Linear Mixed Models (GLMMs)

with binary outcomes were performed in order to locate statistical differences

between groups. This type of model does not require any assumptions to be
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met. Participant and Item were included as random effects, with Group and

Test as the predictors. The effect size is the odds ratio (OR), which indicates

the added likelihood of a correct score from the condition with the higher

mean. For example, if OR = 2, a correct response is twice as likely.

The number of error trials was analyzed through a Growth Curve

Model using a poisson distribution. The data met assumptions for normality

of residuals, homogeneity of variances, and overdispersion. Random

intercepts were used for participants and random slopes were used for

progress over time. Session was set as a numerical predictor. Initially, Group

was also included to check for unexpected differences between groups, but

removed when no effect was found. The effect size is the incidence rate ratio

(IRR), which is the ratio of change in the average number of trials between

sessions. For example, if the IRR is 0.5, then the mean number of error trials

halved in the later session.

All significance tests were two-tailed and a p value of .05 or lower will

be interpreted as significant, with Bonferroni corrections within models. The

datasets can be found online along with Appendix S5, which contains every

model’s syntax as well as all the means, effects and associated 95%

confidence intervals.

Results

RQ1: How many learning sessions are needed to achieve durable L2

grammar knowledge?

Figure 7 displays the mean scores by group for productive and

receptive tests. The groups are labeled according to the number of RSs they
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performed. For the productive test, Groups 1-RS and 2-RS scored 55.46%

(35.16) and 57.67% (35.11), while Groups 3-RS and 4-RS obtained a much

higher 81.39% (25.77) and 82.78% (25.33). Receptive scores did not show

this variation between groups. From Group 1-RS to Group 4-RS, scores were

82.47% (24.33), 79.17% (22.08), 88.61% (16.74), and 83.33% (22.95)

respectively.

Figure 7
Productive and receptive scores

The statistical model produced significant main effects for Group

(F[3,2848] = 3.343, p = .018), Test (F[1,2848] = 80.409, p < .001) and their

interaction (F[3,2848] = 3.343, p < .001). Table 2 shows the estimated

marginal means (EMMs) and pairwise contrasts. For productive scores, there

were no statistically significant differences within the first two groups (1-RS
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vs 2-RS) or within the second two groups (3-RS vs 4-RS). It appears that

RS2 did not improve the odds of a correct posttest response, but those odds

were around 3.5 times higher after RS3. No further improvement in odds was

obtained from RS4. For receptive scores, there were no statistically

significant differences between groups, suggesting that RS1 was sufficient.

Table 2
Groups means and comparisons for productive and receptive scores

Productive Scores Pairwise Contrasts

Group EMM SE Group 2-RS Group 3-RS Group 4-RS

Group
1-RS .555 .063 p = 1.000

OR = 1.050
p = .002

OR = 3.512
p = .001

OR = 3.860

Group
2-RS .567 .062 p = .001

OR = 3.344
p = .002

OR = 3.676

Group
3-RS .814 .049 p = 1.000

OR = 1.099

Group
4-RS .828 .047

Receptive Scores Pairwise Contrasts

Group EMM SE Group 2-RS Group 3-RS Group 4-RS

Group
1-RS .825 .042 p = 1.000

OR = 1.238
p = 1.000

OR = 1.654
p = 1.000

OR = 1.063

Group
2-RS .792 .044 p = .603

OR = 2.042
p = 1.000

OR = 1.316

Group
3-RS .886 .035 p = 1.000

OR = 1.556

Group
4-RS .833 .041
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RQ2: After how many relearning sessions does accuracy no longer

improve during training?

RQ2 asked how many RSs are needed before accuracy reaches

asymptotic performance. Note that only the TS and RS1 included all

participants. RS2 included Groups 2-RS, 3-RS, and 4-RS, RS3 included

Groups 3-RS and 4-RS, and RS4 included only Group 4-RS.

Table 3 shows the number of trials required to complete each session.

Figure 8 shows the learning curves of each group. Group 3-RS showed more

variance than other groups during the TS, but by RS1 all groups exhibit

similar performance. The learning curve appears steeper from the TS to RS1

and then gradually flattens, in line with previous research.

Table 3
Trials by Session (minimum 12)

Session N Mean
Trials

Std.
Deviation

Minimum Maximum

TS 119 19.00 8.11 12 53

RS1 119 15.73 3.77 12 36

RS2 90 14.47 3.78 12 37

RS3 60 13.53 1.83 12 20

RS4 30 13.53 2.30 12 22
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Figure 8
Trials by Session separated by group

The Growth Curve Model (Table 4) analyzed the reduction in error

trials across sessions. The main effect of Session was significant (F[4,413] =

32.268, p < .001), showing a statistically significant decrease in trials from

TS to RS1, from RS1 to RS2, and from RS2 to RS3. The extent of this

decrease diminished as sessions progressed, from approximately -2, to -1, to

-0.5 trials. There was no significant difference in trials from RS3 to RS4. In

sum, the extent of improvement roughly halved with each new session, with

no further improvement at the final session.
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Table 4
Pairwise comparisons of error trials per session

Session EMM SE Contrast Contrast
estimate

IRR Sig

TS 5.100 0.444 RS1 -2.188 0.571 <.001

RS2 -3.223 0.368 <.001

RS3 -3.858 0.244 <.001

RS4 -3.902 0.235 <.001

RS1 2.912 0.247 RS2 -1.034 0.645 <.001

RS3 -1.670 0.427 <.001

RS4 -1.714 0.411 <.001

RS2 1.877 0.195 RS3 -0.635 0.662 0.009

RS4 -0.679 0.638 0.072

RS3 1.242 0.187 RS4 -0.044 0.965 0.864

RS4 1.198 0.268
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RQ3: Can an individual's accuracy during training predict when they

have acquired robust L2 grammar knowledge?

RQ3 asked whether an individual’s accuracy during training could

predict the acquisition of durable knowledge. To answer this question, we

examined the number of trials an individual needed to complete each session

and compared this with their posttest results.

The mean number of trials reached 14 at RS2 and remained at 14 (M >

13.5) for RS3 and RS4. Unexpectedly, this plateau was not at the true

minimum of 12 trials. Upon inspecting the data, it was found that 15 of the

85 participants who had finished their final session with 13 or 14 trials had

previously completed at least one session in 12 trials, meaning that even

participants that had demonstrated perfect accuracy in a previous session

were making one or two errors. We reasoned that typing mistakes could be

responsible for this discrepancy. If participants had been using commercial

software, they would have had the option to override these mistakes, but

under experimental conditions this was not possible. We therefore defined the

minimum number of trials for this experiment as 14 trials or fewer. For ease

of exposition, any session completed within 14 trials will be referred to as a

minimum-trials session (MTS).

The average number of trials by RS2 was already very close to 14 (M

= 14.47), but it was only after RS3 that posttest scores were high. We

therefore hypothesized that one MTS was not enough and that learners must

perform at least two MTSs in order to acquire robust knowledge. In order to

test this, we re-coded participants by the number of MTSs they achieved in

succession. Some participants (n = 18) completed one MTS but then needed
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more than 14 trials in a subsequent RS. This may have been due to guessing

correctly by chance in an earlier session or a lack of attention in a later

session. Since they could not be classified clearly, they were excluded from

this analysis. The remaining participants (n = 101) were grouped as follows:

MTS-0: n = 24; MTS-1: n = 22; MTS-2: n = 23; MTS-3: n = 14; MTS-4: n =

14; MTS-5: n = 4. The breakdown of MTS groups in terms of membership of

the original RS groups can be seen in Table 5. Descriptive statistics of

posttest scores for MTS groups are displayed in Table 6 and Figure 9.

Table 5
MTS groups by original group membership

MTS Group
1-RS

Group
2-RS

Group
3-RS

Group
4-RS Total

0 14 6 2 2 24

1 6 10 6 0 22

2 9 5 8 1 23

3 0 3 6 5 14

4 0 0 5 9 14

5 0 0 0 4 4
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Table 6
Productive and receptive scores (%) by MTS groups

MTS Productive
Scores SD Receptive

Scores SD

0 42.36 32.87 70.83 25.77

1 56.82 35.60 78.79 23.95

2 80.43 24.05 89.86 16.08

3 88.10 16.25 92.26 6.91

4 89.29 20.78 91.07 18.33

5 93.75 12.50 89.58 10.49

Figure 9
Productive and receptive scores by MTS groups
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Since MTS-5 had only four members, it was collapsed into MTS-4 for

the statistical analysis (n = 18; productive: M = 90.28, SD = 19.01; receptive:

M = 90.74; SD = 16.64). There were significant main effects for MTS

(F[1,2414] = 39.883, p < .001), Test (F[4,2414] = 8.325, p < .001) and their

interaction (F[4,2414] = 3.621, p < .001). For productive scores, statistically

significant differences were found between MTS-0 and all other groups, and

between MTS-1 and all other groups. It should be noted that these effect

sizes are substantially higher than for the analysis by number of RSs. For

instance, the OR for the difference between MTS-0 and MTS-4 is 12.635,

whereas the highest OR in the original analysis was 3.860. No other

differences in productive scores were statistically significant. For receptive

scores, differences between MTS-0 and other sessions approached

significance. Table 7 displays all pairwise contrasts.

Discussion

The present paper investigated the effects of relearning L2 grammar

through digital flashcards. Groups practiced formulating the same set of

sentences in an artificial language with English cues on two, three, four, or

five consecutive days, with all items recycled until answered correctly within

each session. The first day was the training session (TS) and subsequent days

were relearning sessions (RSs). Translation tests on novel sentences were

performed 14 days after the treatment, firstly from the English cue to the

target language (productive knowledge) and then from the target language to

English (receptive knowledge). We will now summarize the findings from

each RQ before discussing their implications.
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Table 7
Pairwise comparisons for productive and receptive scores by MTS groups

Productive Scores Pairwise Contrasts

MTS EMM SE MTS-1 MTS-2 MTS-3 MTS-4

0 .424 .055 p = .296
OR = 0.559

p < .001
OR = 5.594

p < .001
OR = 10.069

p < .001
OR = 12.635

1 .568 .058 p = .011
OR = 3.124

p = .004
OR = 5.624

p = .001
OR = 7.057

2 .804 .045 p = .543
OR = 1.800

p = .354
OR = 2.259

3 .881 .047 p = .717
OR = 1.255

4 .903 .038

Receptive Scores Pairwise Contrasts

MTS EMM SE MTS-1 MTS-2 MTS-3 MTS-4

0 .708 .051 p = 1.000
OR = 1.529

p = .041
OR = 3.647

p = .064
OR = 4.910

p = .054
OR = 4.035

1 .788 .048 p = .410
OR = 2.385

p = .410
OR = 3.210

p = .410
OR = 2.638

2 .899 .034 p = 1.000
OR = 1.346

p = 1.000
OR = 1.106

3 .923 .039 p = 1.000
OR = 1.217

4 .907 .037

RQ1:  How many learning sessions are needed to achieve durable L2

grammar knowledge?

Our first RQ asked how many RSs are needed to gain durable

grammar knowledge. After RS1 and RS2, productive scores were

comparable (55% and 57%), but after RS3 and RS4, they were considerably
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higher (81% and 83%) with no significant differences within these pairs. It

should be noted that these means represent a wide range of scores for the first

two groups, whereas very few errors were made among the latter two groups.

Therefore, RS3 substantially raised the odds of participants learning and

retaining the target language, with no further improvement from RS4.

Different results were found for receptive scores, which were similarly

high for all groups, meaning that receptive knowledge was durable after only

one RS. This is similar to Pili-Moss et al. (2020), whose training data for

participants learning an artificial language showed that receptive knowledge

peaked after two sessions whereas productive knowledge improved until the

final fourth session. This pattern is also mirrored in vocabulary studies that

have tested both productive and receptive vocabulary knowledge

(González-Fernández & Schmitt, 2020; Laufer & Goldstein, 2004; Nakata,

2016; Nakata & Webb, 2016; Webb, 2009), in that receptive knowledge tends

to develop faster and is more durable (de Bot, 1996).

The findings support our speculation that the different results from

previous grammar flashcard studies were related to the number of sessions.

Participants in Serfaty and Serrano (2020) practiced target structures on three

days, followed by a 1-day posttest with mean scores over 80% and a third of

participants achieving 100%. The high accuracy in this posttest probably

reinforced their knowledge (Karpicke & Roediger, 2008), making a total of

three RSs. Tested again after 14 days, scores were still over 80%. Likewise,

participants in the present experiment scored above 80% after three RSs at a

14-day posttest. In comparison, participants in Serfaty and Serrano (2022)

practiced target structures with one RS, and posttest scores only reached 50%
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at a 7-day posttest. Similarly, in the present experiment, those who studied

with one RS scored around 50% at their posttest. Considering that these three

experiments differed in many aspects, including the use of an artificial or

natural language, the age and background of participants, experimental or

classroom settings, and the complexity of target structures, these similarities

in scores are salient.

RQ2: After how many relearning sessions does accuracy no longer

improve during training?

RQ2 asked how many RSs would be needed for improvements in

accuracy to plateau at the training stage. The number of trials dropped from

the TS until RS2. From RS2 to RS3, the difference was statistically

significant but less than a single trial. Therefore, on average, two RSs were

needed to reach the minimum number of trials.

The overall pattern is similar to previous studies of artificial language

learning that have reported a reduction in errors following a similar learning

curve (DeKeyser, 1997; Ferman et al., 2009; Pili-Moss et al., 2020; Suzuki,

2017). These studies differed to each other and to the present study in terms

of training, target material, testing and time on task, yet all of these studies

have reported a plateau in error rates at around the third or fourth session. In

contrast, participants from Sato and McDonough (2019) did not reach

asymptotic accuracy after a fifth session of interactive task practice within an

authentic L2 classroom. This could place doubt onto the applicability of

artificial language studies to authentic L2 learning. However, in the latter

study target forms were not prompted systematically and no feedback was
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provided by the instructor during the tasks. Had these conditions been met,

results may have been similar to the artificial language studies.

RQ3: Can an individual's accuracy during training predict when a

learner has acquired robust L2 grammar knowledge?

RQ3 asked whether an individual’s accuracy during training could be

used to predict long-term L2 grammar knowledge. After observing that high

productive posttest scores came after RS3, one session after trials reached

their minimum, a new hypothesis was formed that learners must complete

two minimum-trials sessions (MTS) in order to gain robust knowledge. A

new analysis revealed that high scores (80% for productive and 89% for

receptive) were achieved if a minimum of two MTSs were performed,

regardless of how many sessions were performed overall, and with no further

improvement from additional MTSs.

From these results, it is clear that individuals require different amounts

of practice. An MTS indicates that participants are practicing known items

and for many of our participants this occurred for the first time during RS2.

However, some participants achieved an MTS in their first session while

some still could not perform an MTS by their fifth session. Consequently,

anyone attempting to gain robust knowledge would be advised to practice

until they have achieved a certain number of MTSs, rather than for any

predetermined number of sessions.
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Theoretical Implications

The results obtained in this study can be interpreted through Skill

Retention Theory (SRT; Kim et al., 2013). According to this framework, in

Stage 1 learners only have declarative knowledge, in Stage 2 procedural

knowledge is developed through practice, but still dependent on declarative

knowledge, and in Stage 3 further practice results in procedural knowledge

that can be used independently of declarative knowledge. Since declarative

knowledge is prone to decay, only independent procedural knowledge can be

durable. The results of the present study indicate that many participants

reached Kim et al. (2013)’s Stage 3 after RS3, and that reaching this stage in

training did predict later retention. Importantly, no further gains were evident

after continuing to learn past this stage, confirming claims that learning past

Stage 3 is not useful (DeKeyser, 2017; Kim et al., 2013).

However, comments from participants made after the posttest revealed

considerable declarative knowledge, and so it is not certain whether

procedural knowledge had become independent of declarative knowledge, as

SRT would predict. Interestingly, many of the lower-scoring participants also

exhibited a lot of declarative knowledge of rules after the posttests. One

interpretation could be that declarative knowledge, however well-retained, is

not sufficient for accurately producing the L2, even in a non-timed and

non-communicative task. However, all participants scored highly in the

receptive test, implying that declarative knowledge could be useful for

comprehension. Another interpretation could be that declarative knowledge

was not necessarily retrievable before the posttest, but upon seeing the L2

forms as cues in the receptive test, participants were reminded of previous
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knowledge and were therefore able to translate the sentences and recount the

rules in the debriefing phase. Three participants wrote comments to this

effect, which can be seen in Appendix B.

In sum, the present study has confirmed that a learner's level of

knowledge is predictable at the training stage and that a threshold of learning

must be crossed to gain durable knowledge. Crucially, these results have

shown that this threshold is reached after performing two practice sessions

without errors.

Limitations and Future Directions

Future research could test our interpretation of results by replicating

the experiment with a longer delay before testing. If participants have truly

achieved durable knowledge after two MTSs, then this knowledge should

still be accessible after a longer retention interval. Moreover, if learners

failing to reach this threshold have less durable knowledge, scores after a

longer delay would be expected to drop below 50%. Similarly, this design

could be replicated with longer intersession intervals. If the declarative

knowledge of rules is somewhat forgotten between sessions, more trials

could be expected in the first RS and possibly later. This could affect the

number of sessions required to reach Stage 3. On the other hand, longer

intersession intervals may promote better retention of the declarative

knowledge of rules (Bird, 2010), resulting in better posttest scores from

fewer sessions.

Another variable to investigate could be the mode of output. As noted,

our MTS was not a truly error-free session because some typing mistakes
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caused interference. A study with oral output, rather than typing, would

eliminate this methodological issue while also testing whether the results

from this study generalize to oral output practice. This change would also

enable an exploration of automatization by measuring reaction times and

utterance speed.

Finally, the data imply that participants were adhering to instructions

well, and their comments expressed both commitment and enjoyment of the

process, but a replication of this experiment under supervised conditions

would be desirable to confirm the internal validity of the findings. Still more

interesting would be to conduct the experiment in a less-controlled authentic

L2 classroom, with a wider range of abilities, motivations, and exposure to

the target language, in order to investigate whether the findings are

generalizable to authentic learning conditions.

Conclusions and Pedagogical Recommendations

The present paper investigated the effects of relearning on grammar

flashcard training. Tested after 14 days, it was found that productive

knowledge was much higher after three RSs (four sessions in total).

Participants that reached the highest levels of productive knowledge were

those who completed at least two sessions with minimum trials, and this

turned out to be a much better predictor of individual success than the

number of RSs. To our knowledge, this is the first study to compare retention

of L2 grammar after different amounts of practice.

Though we cannot be certain about the type of knowledge gained from

such practice, it is evident that digital flashcard practice leads to high
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accuracy, especially for relatively simple and regular structures, which could

be useful to prepare students for communicative language practice. In doing

so, it is more likely that learners will automatize accurate target forms while

focusing on communication goals. To this end, teachers could assign

flashcard sets to students on different days and monitor their progress. When

one student has completed a set twice without any errors, on different days,

the teacher could assign them a new set without interrupting the training

schedule of their classmates. These sets could be part of classroom learning

or assigned as homework. Using insights from this study and future research,

an eTutor could be designed to automatically assign or reassign activities to

students based on their performance.

It remains to be seen whether the number of error-less sessions needed

to acquire durable knowledge would be the same for different types of L2

structures, L2 vocabulary, or even for other subject domains. It is however

clear that sessions dedicated to relearning should be factored into curricula. If

knowledge and skills are only practiced once or twice, many students may go

through their education achieving high scores in tests without remembering

what they have learned. It may be advisable for teachers and curriculum

writers to reduce the amount of content being taught in order to allow enough

practice of the most fundamental content for students to attain useful,

long-lasting knowledge.
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Appendix A

Perceived enjoyment, ease, and effectiveness of the treatment by group (1-5)

Grou
p N Enjoyment Ease Effectiveness

1-RS 29 4.62 (0.82) 3.41 (1.21) 4.00 (1.20)

2-RS 30 4.70 (0.54) 3.03 (1.00) 4.47 (0.68)

3-RS 30 4.77 (0.43) 3.30 (1.18) 4.53 (0.86)

4-RS 30 4.80 (0.41) 3.80 (1.03) 4.70 (0.54)
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Appendix B

Comments after the posttest indicating that declarative knowledge was regained

during the receptive test

ID Group Productive
Score

Receptive
Score Comment

609911
e00dd4
843e39
cb88ac

1-RS 0% 17%

“My head went blank and
I forgot most of the

words, until they
appeared on screen.”

617580
4ea342
8148de
a5659b

1-RS 0% 42%

“Without seeing the
conlang, I struggled to

remember much. I could
remember pluralization
was formed with double

final letters. I knew
subjects were marked
differently but couldn't

recall how. Once I had a
refresher translating from
the conlang to English I

recalled most of it,
though...I think.”

60ff66
3e49ce
f209ba
7f758f

2-RS 17% 50%

“I feel like I did okay, '' I
remembered more after

translating from the made
up language to English.

Seeing the words
reminded me.”
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Chapter 6: Conclusion

I will now present a short summary of the four studies featured in this

thesis, followed by a discussion of the implications of this work, as a whole,

on theory, research methods, and pedagogy. The final section will detail some

suggested experiments to further expand our understanding of issues raised by

this work, namely the transferability of practice, the differential retention

characteristics of productive and receptive knowledge, and the possible

interaction between the distribution and quantity of relearning sessions. This

section includes supplementary and anecdotal data that was not included in the

publications.

 6.1  Summary of studies

Study 1 (Serfaty & Serrano, 2020) examined accuracy development

and retention through output practice using digital flashcards. The participants

were from an undereducated and resource-poor background and required

English in order to enter further education or find employment in the city.

They had no access to formal English education and studied together with

error-filled textbooks and intermittent short-term volunteers in an outdoor

setting. Before the treatment, the 31 participants aged 9-17 completed a pretest

of to-be-trained items. As a simple illustration of the type of progress that was

made, some answers from that test are provided in Table 1.
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TABLE 1
A selection of pretest answers from Study 1

Target response Sample Pretest Answers

He is playing
volleyball

He Playing
verybul

He playing
volleyball.

He playing
volleyball.

There are girls
in my house.

There is a girl
stay in my

house.

In my house has
One gril.

My house have a
girl

Are the girls
eating?

dose the girl is
eating?

Girls eating what gir eating

Is there a girl in
the shop?

where are the
girl in shop

in the shop have
one girl?

What have a girl
in the shop?

When speaking to peers in English, these types of errors might not

impede communication and there is in fact an argument that a dialect of

Cambodian English is emerging (Moore & Bounchan, 2010). However, it is

clear that this level of accuracy, as compared to standard recognized forms of

English, is not sufficient to meet any of these participants’ education or

employment goals, and that communication with foreigners would be far

easier if their language conformed more closely to the English spoken by

people outside of Cambodia.

In light of these goals, eight types of simple sentences were practiced

using the Cram.com app, with five exemplars per structure. Participants saw

the sentence in their L1 Khmer and typed the English translation. The

flashcard software showed them feedback and repeated any incorrect

responses in the next cycle. Each structure was repeated the following day and
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on one additional day. The number of structures per day increased so that they

were practicing four structures simultaneously by the end of the training. After

two weeks, participants completed a posttest of trained items (2 per structure)

and equivalent but untrained items (2 per structure). A third of participants

scored 100% in both tests, with the rest also scoring highly. A second test after

14 days revealed no statistically significant changes in results. A final 18-week

posttest was performed, with half the students completing a review session the

week before. With the review, gains were equal to the immediate posttest, and

without the review there were only a couple of additional errors. A control

group in the same setting obtained 0% gains from pretest to posttest without

the flashcard training. The important findings were that learned knowledge

transferred to untrained items and that gains were durable after a substantial

delay. Moreover, the intervention was successful without any associated

linguistic instruction or guidance.

Study 2 (Serfaty & Serrano, 2022) aimed to shed light on the possible

distribution effects for this type of grammar practice. It also extended the

research into how flashcards can be used by including high-proficiency

participants, very advanced grammar features, and by using L2 scenarios as

cues instead of L1 translations. Two structures were studied by 117 secondary

school students, aged 10-18, in an English-medium international school. The

structures were complex to meet the needs of the students who were following

a British curriculum. Each structure was studied via Quizlet on two days: one

structure with a 1-week interval and the other with a 1-day interval.

Participants were tested on their retention of these structures after either one

week or one month. Globally, no difference in condition was found. However,
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for individual students, one condition was better than the other. For students

with lower English proficiency and who required more time to learn and

relearn these structures, the shorter interval was better, whereas the reverse

was true for higher proficiency and faster students. The important finding of

this paper was that results met the predictions of the Desirable Difficulty

Framework as specified by Suzuki et al. (2019) in that the more difficult

condition was only desirable when other factors of difficulty were low.

Study 3 (Serfaty & Serrano, in review) extended the above findings by

repeating the former experiment with vocabulary items. Of the 96 students

analyzed in this study, 77 took part in both experiments. The aim was to

elucidate the differences in lag effects between grammar and vocabulary

practice when controlling for the setting, participants, and exact methodology.

The two categories of vocabulary were Hebrew words in order to control for

prior knowledge and other exposure to the targets. The experiment was part of

a wider project involving memory and aptitude tests. Results showed that the

1-week interval was always slightly better than the 1-day interval for

vocabulary learning, with a very small effect. From a psycholinguistic

perspective, this is an interesting contrast with the grammar experiment.

However, the difference in productive scores between the two conditions was

small. A more meaningful difference was seen in the receptive test, according

to which the longer interval facilitated better retention at the 4-week delayed

posttest. It was speculated that receptive knowledge was better retained

between sessions and was therefore reinforced during the relearning session.

In contrast, productive knowledge may have been lost between sessions and

thus was encoded at the relearning session as if it was the first encounter. The
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important findings of this paper were that a longer intersession lag led to

higher scores in a classroom setting, that receptive and productive knowledge

were differently affected by lag, and that lag effects were different for

vocabulary and grammar.

Study 4 (Serfaty & Serrano, resubmitted) addressed the question of

how much grammar practice is actually necessary. Study 1 (Serfaty & Serrano,

2020) included three practice sessions plus an immediate posttest with ceiling

scores, which acted as a fourth practice session. Knowledge was well retained

from this schedule. However, in Study 2 (Serfaty & Serrano, 2022), scores

were very low after only two sessions. There were many methodological

differences between these studies, such as the difficulty of the structures, the

likelihood of using these structures, and while the first study included

extremely motivated learners attending the sessions through independent

choice, the second study was conducted in a privileged classroom among

already-proficient English users who may have been less intrinsically

motivated to learn. Thus, the issue of quantity was not the only factor that

could explain the difference in outcomes.

Using an online design, adult participants from across the globe

completed two, three, four, or five sessions of learning an artificial language in

the style of commercial digital flashcards. The main difficulty in the language

was in encoding subject and object pronouns. Training data showed a familiar

trend for the error rate, according to which accuracy improved sharply in the

initial stages, followed by a more gradual improvement until finally

performance was stable. Analyzed by the number of sessions completed, a

threshold of high retention was found after the fourth session. After this point,
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no further improvement was detected. However, when re-analysed according

to how many sessions the participants performed with the minimum number of

trials, without considering the total number of sessions, results were predicted

with larger effects. Any participant with two minimum trial sessions (MTSs)

received high scores, similar to those found in Study 1 (Serfaty & Serrano,

2020), with no further improvement after more than two MTSs. Participants

with only one MTS achieved intermediate scores while those that never

performed an MTS achieved lower scores, similar to those found in Study 2

(Serfaty & Serrano, 2022). The important implication of this finding is that

high retention could be predicted at the training stage. Different tasks may

require a different number of sessions, but if a learner knows the indicators of

long-term knowledge, they could be sure to get enough practice. If this

hypothesis is correct, schools could employ individualized learning schedules

rather than fixed schedules. Instead of having some students pass and some

students fail, all students could pass eventually. The only difference would be

that the more able students could cover more material in a shorter time.

 6.2  Implications of the current work

 6.2.1  IMPLICATIONS FOR THEORY

 6.2.1.1  Grammar and vocabulary

Some points are worth highlighting in terms of implications for

theories of L2 learning and practice. The first is a confirmation that lag effects

are different for grammar and vocabulary learning, as has been speculated in

the literature (Li & DeKeyser, 2019; Ullman & Lovelett, 2018). The current
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work reported a consistent lag effect for vocabulary (Study 3: Serfaty &

Serrano, in review) but not for grammar (Study 2: Serfaty & Serrano, 2022).

Having used the same number of items, intervals, and participants for both

experiments, it was possible to combine these results into a single chart.

Figure 1 visualizes the differences in lag effects found for grammar and

vocabulary learning.

FIGURE 1
Scores on vocabulary tests (productive and receptive) and a grammar test, after two
sessions of learning through Quizlet with an intersession interval (ISI) of either one
day or seven days, with a maximum score of 8 per test.
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One explanation mentioned in Study 3 (Serfaty & Serrano, in review)

is that vocabulary is simpler than grammar and so the longer lag added

desirable difficulty (Bjork, 1994) to vocabulary learning more consistently

than it did for grammar. However, another explanation could be found in Skill

Acquisition Theory (SAT).

According to models of skill acquisition (DeKeyser, 2020; Kim et al.,

2013), declarative knowledge is usually learned first, followed by a period of

proceduralization in which the learner gradually depends less on declarative

knowledge and more on procedural knowledge, before finally the learner is

able to rely fully on procedural knowledge and produce language without

conscious effort. For instance, the word “work” would be rapidly stored in

declarative memory as well as the rule of adding -ed for the past tense. As the

learner practices this -ed rule repeatedly, procedural memory would encode

the sequence and eventually take over from declarative memory, allowing the

speaker to use the regular past tense without consciously retrieving the

grammar rule.

Regarding the present data, the vocabulary experiment (Study 3:

Serfaty & Serrano, in review) may have only tested declarative knowledge,

whereas the grammar experiment (Study 2: Serfaty & Serrano, 2022)

potentially involved procedural knowledge. Repeated productive practice of

the same L2 target structure, as occurred in the initial training sessions, may

have facilitated L2 proceduralization. This assumption is supported by data

from Study 4 (Serfaty & Serrano, resubmitted), showing the learning curve

associated with proceduralization for accuracy improvement from an

experiment using the same method of learning. Decreasing response times
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have also been used as evidence of this process in studies involving a similar

training after two sessions (Li & DeKeyser, 2019; Suzuki, 2017; Suzuki &

DeKeyser, 2017), or even within a single session (Lambert et al., 2017;

Suzuki, 2021). Although the measure of time on task used in Study 2 was not

as refined as response time data, there was a clear decrease in time on task in

the third session, which involved previously studied structures.

Assuming that the grammar knowledge was proceduralized to some

extent, our findings would be in line with claims that these types of knowledge

are differently influenced by lags. Most pertinently, Li and DeKeyser (2019)

separated their target skill of learning Mandarin tones into declarative

knowledge (vocabulary matching) and procedural knowledge (pronunciation

of novel items) and found a longer lag advantage for the former at RI-28, but

an advantage to the shorter lag for the latter at both RIs. Similar grammar

studies that sought to examine the proceduralization of grammar knowledge

(Suzuki, 2017; Suzuki & DeKeyser, 2017) also found no advantage to a longer

lag. In contrast, for studies examining only the receptive knowledge of

grammar rules (Bird, 2010; Rogers, 2015), which according to the D/P model

are stored in declarative memory (Ullman & Lovelett, 2018), the lag effect

was found.

Vocabulary retrieval is also subject to a reduction in reaction times and

errors through extensive practice, resulting in automatized declarative

knowledge (Segalowitz & Segalowitz, 1993; Segalowitz et al., 1998). Skill

Retention Theory (Kim et al., 2013) predicts that after knowledge reaches

asymptotic performance in accuracy and speed, it is automatized and durable.

One might then expect the same level of automatization, and therefore
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durability, for both grammar and vocabulary, assuming the same number of

sessions and using the same method of learning.

However, there is reason to doubt this assumption. Once a vocabulary

item has been retrieved within one session, the item cannot be processed again

as it is already accessible in working memory (Callan & Schweighofer, 2010).

In order to extensively practice vocabulary items, the learner would need to

have enough time between each retrieval attempt for the item to be forgotten

to some extent. This would require many sessions over a long period of time.

In comparison, grammar flashcards allow the learner to retrieve the same

target in different iterations. The complexity and variety of each item allows

for repeated effortful practice within one session. For example, in Study 2

(Serfaty & Serrano, 2022) participants studied each target in eight different

iterations, while in Study 4 (Serfaty & Serrano, resubmitted), there were 12

iterations of the structure per session. The specific sentences might be

different, but the target skill is in the application of rules. These rules cannot

be retrieved verbatim and thus grammar learning requires cognitive effort on

every trial. Therefore, grammar structures can be extensively practiced within

one session whereas vocabulary items cannot.

In Study 4 (Serfaty & Serrano, resubmitted), participants on average

achieved the desired threshold of learning after retrieving the target structure

on four different days with 12 items per day. Therefore, these participants

applied the target rules with 100% accuracy 48 different times (12 items x 4

sessions). This is remarkably similar to findings from the application of a

coding language in which procedural knowledge was identified after around

50 applications (Anderson et al., 1997). This can be taken as a preliminary
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indicator of the number of successful attempts needed to achieve durable

knowledge. If the same quantity applies to vocabulary retrieval, then a learner

would need to retrieve each item around 50 times as well. As previously

stated, a true retrieval would require some time to pass before the item is not

accessible from working memory. Therefore, in order to achieve automatised

vocabulary knowledge, the learner would need to retrieve each item on 50

different days. The true number may be lower than this, but the point stands

that vocabulary knowledge might require many more sessions than grammar

to achieve the same durability.

This distinction between the depth of learning possible for grammar

and vocabulary within a limited number of days could affect the type of

knowledge obtained. After several sessions, vocabulary would still be stored

as non-automatised declarative knowledge whereas grammar might be stored

as semi-automatized procedural knowledge. It has been claimed that

automatized procedural knowledge is not subject to a lag effect, since it is

strengthened through repeated application, whereas declarative knowledge is

aided by longer lags that induce effortful retrieval (Kim et al., 2013; Li &

DeKeyser, 2019; Ullman & Lovelett, 2018).

 6.2.1.2  Productive and Receptive knowledge

Another important finding from this thesis refers to the differential

practice effects on productive and receptive knowledge. Productive knowledge

was defined as the ability to generate the L2 from memory with a specific

meaning in mind, while receptive knowledge is the ability to comprehend or

recognize the L2, which can be shown by expressing this meaning in the L1

(González-Fernández & Schmitt, 2020; Laufer & Goldstein, 2004; McLean &
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Hogg, 2013; Nakata, 2020; Webb, 2005). Articles situated within the SAT

framework have often asserted that practice is skill specific, as in the

following example from Kachinske (2021): “[...] practice should be skill

specific; once knowledge has been proceduralized in one skill, for instance

comprehension, it becomes more difficult for that knowledge to be generalised

in another skill, for example production. In other words, in order to develop

receptive knowledge, learners need practice comprehending input, and in

order to develop productive knowledge, learners need to practice producing

language (p31).” These claims are based on studies in which receptive

practice was not as effective for the productive skill, but these studies have

always shown that productive training also leads to high receptive scores,

sometimes higher than from the receptive training (DeKeyser, 1997; de Jong,

2005; Webb, 2009). It is only in productive tests where a meaningful

difference between directions of training is found. Cross-sectional studies

involving both productive and receptive testing show that receptive knowledge

usually develops before productive knowledge (González-Fernández &

Schmitt, 2020; Laufer & Goldstein, 2004; Rodgers, 2011).

This issue of skill-specificity was indirectly addressed in the studies

that measured both types of knowledge for grammar (Study 4: Serfaty &

Serrano, resubmitted) and vocabulary (Study 3: Serfaty & Serrano, in review)

after purely productive practice. It was found, in line with previous research,

that receptive scores were higher in both studies. Receptive knowledge was

also better maintained at the delayed posttest (Study 3: Serfaty & Serrano, in

review). Posttests from Study 4 (Serfaty & Serrano, resubmitted) showed that

receptive knowledge had already peaked after two sessions but that productive
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knowledge peaked after four sessions. Therefore, all of the data suggest that

practice is not skill specific, but that the weaker form of knowledge (receptive)

develops before the stronger form of knowledge (productive). Moreover,

Barclay and Pellicer-Sanchez (2021) showed that recall ability decayed faster

than recognition ability, just as productive knowledge decayed faster than

receptive knowledge in Study 3 (Serfaty & Serrano, in review), suggesting

that more difficult kinds of knowledge are acquired more slowly and decay

faster. In light of this body of evidence, the issue of skill-specificity should be

re-interpreted in terms of desirable difficulty. If practice is easy (receptive or

recognition), then only weak knowledge will develop, but if practice is

desirably difficult (productive or recall), then stronger knowledge can develop.

 6.2.1.3  Learner-related difficulty

Finally, the studies included in this thesis have shown that

learner-related difficulty is the most important factor in determining the

appropriate difficulty and quantity of practice. Drawing on Bjork’s Desirable

Difficulty Framework (1994) and the sources of difficulty in L2 practice

proposed by Housen & Simoens (2016), Suzuki et al. (2019) theorized that the

optimal practice conditions depended on a combination of linguistic difficulty,

learner-related difficulty, and practice conditions. The two structures used in

Study 2 (Serfaty & Serrano, 2022) may not have been different enough for a

statistically significant interaction to be detected. The first structure was the

future perfect progressive (e.g., I will have been reading this article for twenty

minutes by the time I take a break) and the interrogative third conditional (e.g.,

What would you have done if you hadn’t started reading this article?). The

first was considered less complex because it involves fewer transformations,
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more repeated chunks, and is conceptually less abstract. However, both

structures involve two clauses with many opportunities for errors, and neither

were expressible specifically in the participants’ L1 (roughly translated: I read

this article for twenty minutes then take a break; What do if don’t read this

article?). The two age groups (10-12 and 13-18) also may not have been

different enough to produce an interaction with spacing, since all participants

were in secondary school. However, lag interacted significantly with the

participants’ prior knowledge, measured by an English proficiency test, and by

their ability to complete the task, measured by their total time on training.

Similarly in Study 4 (Serfaty & Serrano, resubmitted), learner-related

difficulties during training proved to be a much better predictor of posttest

scores than the number of sessions. While the mean number of sessions

needed to cross the threshold of lasting knowledge was four, final outcomes

were better predicted when participants were grouped by the number of

sessions completed with a minimum number of trials.

Taken together, these studies underscore that results mostly depend on

the participants, not the training conditions, and rather than trying to specify

ideal amounts of time between sessions or amounts of sessions, the goal of

research should be to accurately measure when knowledge has become

durable for the individual learner.

 6.2.2  IMPLICATIONS FOR RESEARCH METHODS

The research undertaken in this thesis has spotlighted digital flashcards

as a promising component for future methodologies investigating L2 practice

through quantitative variables. Firstly, from an analytics point of view, the
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treatment of digital flashcards has enabled the detection of statistically

significant differences between conditions, with a range of effect sizes, in

areas where differences have not been found before, namely in lag effects for

grammar learning (Study 2: Serfaty & Serrano, 2022) and for vocabulary

learning in a classroom (Study 3: Serfaty & Serrano, in review). This could be

attributed to the simple and systematic nature of the learning, preventing many

extraneous variables from distorting the effects under investigation. Secondly,

digital flashcards allowed for research to be conducted among atypical

samples for the field of applied linguistics (Shepperd, 2022). In one case,

research was conducted in a remote rural community in an environment

lacking in technology, teachers, or physical infrastructure for learning (Study

1: Serfaty & Serrano, 2020), and in another case research was conducted

simultaneously with 119 participants from 27 different countries (Study 4:

Serfaty & Serrano, resubmitted). Thirdly, no human instruction is needed for

these studies, which reduces the cost of research and the amount of time spent

on data collection for researchers. For these reasons, digital flashcards have

proved to be a valuable tool for this type of research.

In particular, flashcard training with an unsupervised online

experimental design on Gorilla (Study 4: Serfaty & Serrano, resubmitted)

produced the learning curve of accuracy associated with proceduralization.

Response times, though not included in the publication due to confounds as a

result of the chosen experimental design, also followed the expected learning

curve, as shown in Figure 2.

FIGURE 2
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Response times for items answered correctly on their first attempt for each training
session of Study 4

This supports the validity of online platforms for studying the

proceduralization of L2 grammar, removing significant practical barriers to

performing longitudinal studies in L2 acquisition. Participants could engage in

practice in a place and at a time of their convenience, just as they would with a

language learning app. By recruiting through an online platform, such as

Prolific, the researcher could filter participants by attributes of interest and

immediately replace any participants lost through attrition. Therefore, when

funding and time are limited, online research could provide valuable data.

As a recommendation for future studies, the validity of such

experiments could be further improved by imposing time limits on the

responses and the presentation of feedback. While this would reduce

ecological validity, it would help to ensure that participants complete their

responses as quickly as possible and are not spending variable amounts of time

analyzing and rehearsing the feedback. Any response not completed within

this time limit could be considered incorrect and the resulting data would not
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contain any anomalies due to participants being interrupted or distracted

during the training. For reference, the mean response time in the initial

training session for incorrect responses was 17 seconds and for correct

responses was 15 seconds. Therefore, a limit of 20 seconds would be

conservative.

 6.2.3  IMPLICATIONS FOR PEDAGOGY

Since the studies included in the present thesis used a tool for L2

practice that is ecologically valid and increasingly used in L2 classes, a

number of direct pedagogical implications can be drawn.

 6.2.3.1  Plugging a gap in undeveloped educational contexts

Firstly, flashcards are effective for L2 grammar learning and can be

used in low-resource environments without any need for explicit instruction

(Study 1: Serfaty & Serrano, 2020; Study 2: Serfaty & Serrano, 2022; Study 3:

Serfaty & Serrano, in review). In cases where human instructors are not able

to provide optimal teaching, such as in developing countries with

underdeveloped educational systems, automated learning apps could be a good

solution for acquiring and practicing accurate L2 grammar knowledge. In

these settings, the ability to communicate effectively in a dominant L2, often

English, can lead to life-changing employment opportunities that would

otherwise not be available (Haidar, 2019; Hamid, 2016; Moor & Bounchan,

2010). This can be especially challenging with little exposure to the L2 and

from a typologically distant L1 (Muñoz & Cadierno, 2021). In Study 1

(Serfaty & Serrano, 2020), the experimental group made high gains in two

weeks of more than 80%, compared to 0% gains in a control group over the
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same length of instruction and the same non-experimental exposure to the L2,

and these gains were still present after 18 weeks. The difference was that the

experimental group received accurate input, sufficient amounts of retrieval

attempts, and consistent feedback, with no time limits.

The benefits of controlling input and output through technology might

not be evident to many scholars. Much of the extant L2 classroom research has

taken place under privileged circumstances in which the expertise of the

teacher is taken for granted. In contrast, many classrooms around the world are

completely non-interactive and rely exclusively on rote learning (Kim, 2005;

Venkataramanan, 2016; Visal et al., 2022), while the teachers might have little

to no knowledge of the subject matter. In Cambodia, as our example, the

educational system promotes rote learning and conducts monthly exams for all

grade levels (MoEYS, 2022). Low test scores will result in students repeating

that grade level. Until recently, it was common practice for students to pay the

teacher for answer keys in order to pass these exams, a problem that persists in

rural public schools (Maeda, 2021). The teacher’s role is therefore to read or

write the target information for students to copy and be tested on, before

immediately moving onto the next part of the textbook.

A positive intervention in a wealthy country is useful, but a positive

intervention in a developing country can transform a student’s educational

achievement, cognitive abilities, and future prospects. It is far easier to install

an internet connection than it is to train a teacher, who has themselves been

raised in an underdeveloped educational system and may not be able to apply

21st century pedagogy (Visal et al., 2022). Many basic cognitive skills might

not ever be taught, but software can be designed to elicit analytic thinking and
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control the accuracy of the subject matter being learned. While an effort is

being made to enhance teacher training (Pearson, 2022), educational software

represents a promising short-term solution for these students.

 6.2.3.2  Individualized learning schedules

On a more general scale, this thesis has shown the importance of

individualized learning. In a traditional classroom, there will always be slower

students that fall behind quite quickly and can then never catch up. Study 2

(Serfaty & Serrano, 2022) showed that learners required very different

amounts of time to complete an identical task, from a few minutes to an hour.

Study 4 (Serfaty & Serrano, resubmitted), demonstrated that adults, presented

with an identical task, required between 12 and 53 trials, without including

anomalies. Some participants could complete an error-free session

immediately while others still could not do so on their fifth session. Using

individualized tasks in classrooms would ensure that every student gets the

amount of time and practice they need on every point and allow students to

learn at their own pace.

 6.2.3.3  Gamification of learning

Finally, practicing grammar through digital flashcards is perceived

positively by learners. A survey of participants from Study 4 (Serfaty &

Serrano, resubmitted) asked about their level of enjoyment, perceived ease,

and perceived effectiveness of the method, as shown in Figure 3. Whether

participants repeated practice once, twice, three, or four times, the method was

perceived as enjoyable, effective, and suitably challenging when rated on a

5-point scale.
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FIGURE 3
Perceptions of enjoyment, ease and effectiveness of learning a language through
digital flashcards among participants from Study 4

Comments from the participants also revealed a significant amount of

emotional investment in the study, on both ends of the spectrum. All

comments can be found in Appendix S4 in Chapter 5. A selection of

comments are presented in Table 2, chosen to exhibit the range of emotions

expressed.

Anecdotal evidence supports this, as a school in Cambodia is currently

using this method with all secondary school students on a weekly basis. The

target sentences utilize the vocabulary and subject matter of the unit they are

studying and the reading materials associated with their topic are designed to

include these target structures. For example, in Grade 7, the first topic is
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TABLE 2
A selection of comments made after the posttest from Study 4

Productive

Test Score

Answer to “How do you feel?” after the posttests.

100% Pretty good! This was fun, I'm almost sad to let it go now. I

hope I did okay.

100% I feel great! I hope I got most of those right...

92% Proud of myself

83% a little bit stressed, it was hard to remember after some time

42% gutted I didn't remember some of the words for the first part

33% i feel ashamed for forgetting how "have" was translated

healthy food and one of the target structures is the present simple. The

flashcards contain sentences such as “Eggs have a lot of protein” and “Cake

has a lot of sugar”. The flashcards are therefore designed to target not only

language but to reinforce content knowledge. The activity is one of many

options presented for independent online learning, yet all students choose to

engage in it. Unit tests have proven the students’ overwhelming success in

learning the target structures, though the transferability of this knowledge to

communicative language use has not yet been explicitly tested.
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Many educators and scholars might assume that this type of task would

be boring or arduous for young learners. This could be because the closest

thing to digital flashcards that they have experienced is simple paper and pen

translations or paper flashcard drills. Flashcards apps are in fact more akin to a

game. Learners see immediate feedback tailored to what they wrote and see

constant statistics of their progress. It was observed during the data collection

process for the classroom studies (Study 2: Serfaty & Serrano, 2022; Study 3:

Serfaty & Serrano, in review) that students like to announce how many items

were correct in each round and compare this figure with friends. There were

many excited exclamations at finally achieving a correct response as well as

groans of mock despair after making an error.

Additionally, although the particular mode of form-recall used in this

thesis was chosen for methodological control, Quizlet can be used as an

exciting team game in which the correct answer could appear on any of the

team members’ screens. Similar websites like Kahoot!, Quizizz, and

Baamboozle offer more gamification features, award points, and incorporate

humor. For example, both Quizizz and Baamboozle use memes to show

success or failure.

 6.3  Future directions for research into L2 practice

Some of the future directions specified within the published papers

have already been addressed within this thesis, such as the use of digital

flashcards among learners with different proficiencies and backgrounds, and

the optimisation of learning through distribution and frequency. There are

some gaps mentioned that have not yet been filled. Study 1 (Serfaty &
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Serrano, 2020) mentioned some possible research into how digital flashcard

learning could affect more open and spontaneous language production. Study

3 (Serfaty & Serrano, in review) raised questions of how receptive and

productive knowledge might be differently retained between sessions and how

this might affect the differential lag effects of these two kinds of knowledge.

Study 4 (Serfaty & Serrano, resubmitted) also mentioned further study in how

productive and receptive knowledge might be acquired at different rates and

be differentially retained. Additionally, it was recommended that a replication

of the study is needed with a longer retention interval, since two weeks is not

long enough to be useful if the goal is long-term L2 learning. Two “minimum

trial sessions” (MTSs) was good for two weeks, but perhaps more practice

would be needed to achieve retention after 18 weeks or 52 weeks. That paper

also speculated as to how results might differ with a longer interval between

study sessions, which would induce more forgetting between sessions. More

forgetting could affect how quickly learners cross the threshold of learning

necessary to achieve durable knowledge. In sum, the experiments have

highlighted directions for future research which can be summed up as (1)

transfer of gains from digital flashcard learning to creative language use, (2)

productive and receptive retention properties, and (3) interactions between

session distribution, testing intervals, and the number of relearning sessions

necessary to achieve mastery. The remainder of this section will outline some

possible experimental designs to address these three areas.
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 6.3.2  TRANSFER

Practicing grammar in a controlled manner would only be useful if it

facilitates accuracy in more open-ended and spontaneous language activities,

for example in a spoken task or in open writing. There is reason to think that

such knowledge can transfer to more creative linguistic output. After the

posttest of Study 2 (Serfaty & Serrano, 2022), participants were asked to write

their own sentence, as part of a short conversation or a paragraph, using the

target structures, in order to preliminarily explore whether participants could

apply the learned rules to their own original meaning. It was observed that any

student with high scores in the posttest was also able to create a perfectly

grammatical and original sentence using the target structure. Some examples

of these sentences are presented in Table 3. It is notable that in these examples,

the language around the target structure contains errors, but the target structure

itself is flawless, with the exception of capitalization.

This is a starting point in that it shows the transferability of knowledge

to non-cued usage. However, this task immediately followed a test that

focused on producing these structures and these structures were specifically

requested. It does not show whether the structures would appear in more

open-ended language production when not specifically prompted and after a

reasonable delay. In order to test whether digital flashcard training would

affect free language use, the following experimental design is proposed:
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TABLE 3
A selection of sentences written by participants of Study 2 after the posttest

Structure A

“I will start learning abroad in 2027. I  will have get my master degree in 2033
I will have been studying abroad for 6  years by the time I get my master
degree.” - Participant from Grade 6

“I  will have been drawing for 30 minutes by the time i get to color it.” -
Participant from Grade 8

"You: Hello! What have you been?
Them: I've been playing the piano lately. I will continue to play piano in 2020. I
will attend the piano competition in 2025.
You: That's a very long time.
Them: yeah, I will have been playing the piano for 5 years by the time I attend
the piano competition." - Participant from Grade 10

“I had a dream about my mom will have getting me a car on my birthday,
but she said that I'm too young. I will have been studying in college for 2
years by the time my mom agrees to buy me a car.” - Participant from
Grade 11

Structure B

"I was sick, so I didn't go anywhere ." said Jamie.
"where would you have gone if you hadn't been sick?" asked Carl.
"I would have gone to Disney land if I hadn't been sick." said Jamie.” -
Participant from Grade 6

“A: You didn't review for the test, so  you failed it.
B: Would you have failed if you had reviewed for the test?” - Participant from
Grade 7

“You: Hey!
Them: Hello, I'm kind of sad that you didn't pick me up yesterday.
You: Oh my gosh! I'm so sorry. I was busy with my work, so I forgot to pick you
up.
Them: Would you have picked me up if you hadn't been busy with your work?
You: Of course! I hope you can forgive me.
Them: It's okay, I forgive you.” - Participant from Grade 10

“Person 1: I woke up very depressed today, so I didn't went to eat.
Person 2: Where would you have gone if you hadn't woken up depressed?
Person 1: Not sure, It depends.” - Participant from Grade 11
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Participants are asked to write an essay that elicits a specific structure.

For example, to write about a past event to elicit the past tense, or a

hypothetical future to elicit the conditional. Following this task, the

participants engage in digital flashcard training. This would ideally be over

many sessions to replicate the type of mastery found in Study 4 (Serfaty &

Serrano, resubmitted). After a sufficient delay, because we are interested in

durable improvements, the participants are given the essay task again, perhaps

with a slightly different topic. The two essays can then be analyzed for the

presence and accuracy of the target structure. An improvement score could be

derived and compared to a control group that did not engage in digital

flashcard training, but were exposed to the items from the flashcards through

traditional pedagogy.

A similar design could target comprehension skills. Rather than writing

an essay, the participants could be asked comprehension questions from a

reading passage or audio extract containing the target. A different passage or

extract would be used for the posttest, counterbalanced. The treatment would

be the same as the one outlined above. Another experiment could target

speaking skills through a task that elicits a specific structure. This might be

easier to achieve with more basic structures among participants with a more

limited language range, since it is difficult to elicit specific structures in

communicative tasks. As an example, the structure might be the interrogative

present simple for beginner learners, and the task could be to interview

someone about their daily habits (What do you do after school? What time do

you eat dinner?). As before, accuracy before and after digital flashcard
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training would be used to derive a score to be compared with a control group.

The research questions might be as follows:

1) Does flashcard training lead to higher presence and higher accuracy of

target structures in open-ended language production?

2) Is this effect stronger from flashcard training than from traditional

teacher-led pedagogy?

 6.3.3  PRODUCTIVE AND RECEPTIVE RETENTION PROPERTIES

Study 4 (Serfaty & Serrano, resubmitted) showed that receptive

knowledge was acquired and retained after only two sessions. Study 3 (Serfaty

& Serrano, in review) found a stronger lag effect for receptive knowledge and

speculated that receptive knowledge was better retained between sessions. To

test these claims explicitly, an experiment could include a test at the start of

each training session. This would require the use of research-focused software

such as Gorilla, in order to manipulate the procedure and record the responses.

Whether for vocabulary or for grammar, the same experimental design could

apply:

Participants study flashcards during the first session and a different

category in a different session, in order to create two different intersession

intervals (ISIs). In the relearning session, involving both categories, they begin

with a productive test, followed by a receptive test, followed by training for

any items not remembered correctly in the productive test. Only these

incorrect items would need to be part of the training because in the previous
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design, a correct response at the beginning of the session causes an item to

drop-out.

The first metric of interest would be the accuracy on both tests, which

would show definitively whether some words were remembered receptively

but not productively, as hypothesized. This metric would then be compared

between the two ISI conditions, to check whether receptive knowledge was

equally well-retained from the different intervals.

The second metric could be response times. It would be expected that

productive tests induced longer response times on correct answers after a

longer lag, but the key insight would come from words answered incorrectly

in the productive test but correctly in the receptive test. If these words induce

longer response times from the 7-day ISI compared to the 1-day ISI, this

would confirm the hypothesis that successful receptive retrieval is more

effortful after a longer lag, even when productive knowledge has decayed.

This would explain why the lag effect was stronger in receptive knowledge in

Study 3 (Serfaty & Serrano, in review).

A third metric could be a comparison of the incorrect responses on the

productive test to the target responses. By assigning point values to correct

letters (1 point) and correct letters in their correct positions (2 points),

assuming that all items are of equal length, a similarity score could be

computed. If ISI-1 items have a higher similarity score than ISI-7 items, this

would confirm that ISI-1 words were closer to being remembered, even if they

were not fully retrievable.

The final stage of this experiment would be a posttest. Statistical

models could use each of these metrics as a predictor variable with posttest
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scores as response variables. A comparison of the effects would indicate

which of these metrics is best for predicting lag effects and retention, which

would go on to inform theoretical accounts of L2 learning and memory.

The research questions could be as follows:

1) Is receptive knowledge better retained than productive knowledge after

ISI-1 and ISI-7?

2) Is successful receptive retrieval more effortful after a longer ISI?

3) Are unsuccessfully retained items closer to being remembered after a

shorter ISI?

4) Which of these factors best predicts retention of receptive and

productive knowledge at posttest?

 6.3.4  INTERACTION BETWEEN SESSION DISTRIBUTION AND

QUANTITY FOR ATTAINING MASTERY

Much of the work in Skill Acquisition Theory has concentrated on the

process of acquiring a skill, but not on the rate of acquisition or on how

retention depends on the mastery achieved during training. Kim et al. (2013)’s

Skill Retention Theory states that retention is longer after a skill has been

automatized. Study 4 (Serfaty & Serrano, resubmitted) focused on how long

this process takes, using ISIs of one day. A replication is needed using

different ISIs and different retention intervals (RIs). The experimental design

could otherwise remain identical. A possible design is proposed in Table 4.
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TABLE 4
Conditions in the proposed experimental design for researching the interaction
between ISI, RI, and the number of minimum-trial sessions required to attain mastery

Groups Number of sessions ISI RI

1-4 2,3,4,5 1 14

5-8 2,3,4,5 7 14

9-12 2,3,4,5 1 28

13-16 2,3,4,5 7 28

By comparing results between these 16 groups, the following research

questions could be addressed:

(1) Is the rate of improvement in accuracy different when studying at ISI-1

or ISI-7?

(2) Is the number of minimum-trial sessions needed to achieve durable

knowledge different for ISI-1 and ISI-7

(a) when tested at RI-14?

(b) when tested at RI-28?

(3) Which combination of ISI and number of sessions leads to mastery in

the fewest trials?

On the one hand, ISI-7 could lead to more forgetting, thus slowing

down progress and requiring more sessions before asymptotic accuracy is

achieved. On the other hand, ISI-7 might lead to better retention of declarative

knowledge (the rules) due to the lag effect. The insights gained from such a
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large-scale study would enable a theory of mastery and retention to be

developed within the SAT framework. Such a theory would have

wide-reaching implications for language learning and education in general. Of

course, the same design could be replicated for vocabulary learning, fluency

practice, or even in other domains of education and training.

 6.4  Closing Remarks

This thesis has presented four studies of L2 practice using digital

flashcards. The studies have collectively addressed issues regarding retention

of learned knowledge, optimisation of practice, and differences between types

of L2 knowledge. Thanks to the use of digital flashcards as the tool, these

studies are easily replicable under different conditions of interest and also

allow the findings to be applied by real language learners. A road map of

possible follow-up research has been described. It is hoped that findings from

this research have a positive impact for all L2 learners, but especially for those

that depend on language learning in order to secure a bright future.
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