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Abstract

The research on emergent learning principles and their application to foreign language
(FL) vocabulary instruction has steadily grown over the last decade. Although this is a relatively
new field, existing evidence highlights its potential for efficient FL vocabulary acquisition. This
thesis presents a series of experiments that evaluate procedural modifications to foreign tact
training (FTT), a key emergent learning procedure, focusing on enhancing learners’ retention of
emergent vocabulary. The first study established a protocol for extracting single-case graphical
data from the research literature. This protocol was then applied in the second study, where a
meta-analysis evaluated and compared FTT’s outcomes with those of other emergent learning
procedures, including foreign-to-native intraverbal (FNI), native-to-foreign intraverbal (NFI),
mand, and listener training. In Study 3, five English-speaking adults were taught to tact Korean
words using two training conditions: one incorporating a modified FTT protocol with fluency-
based overlearning trials, and one without. The retention of untrained emergent NFI relations
was evaluated up to six months after FTT. In Study 4, the experimental design was modified to
hold total training time constant across two conditions, further investigating the effects of
extended practice observed in Study 3. The final experiment, Study 5, built on the earlier studies
with additional procedural modifications, including spaced weekly practice tests and corrective
feedback. Across all three experiments, FTT produced high rates of untrained emergent relations
immediately following training. The meta-analysis findings indicated that FTT resulted in
significantly more untrained FL relations than intraverbal (FNI and NFI) or listener training, and
it was more efficient than FNI training. In Study 3, adding fluency-based overlearning trials to
FTT increased the retention of emergent NFI relations. In Study 4, when total training time was

held constant, the modified FTT protocol produced similar levels of retention to the traditional

XV



Retention of emergent foreign vocabulary

discrete-trial-based FTT protocol, with neither condition reaching criterion-level performance
during delayed retention tests. The procedural modifications in Study 5 led to improved retention
levels, comparable to immediate post-training levels, after implementing spaced practice-test
trials and corrective feedback. Overall, these studies introduced novel procedural modifications
that enhanced FTT’s retention outcomes, contributing valuable insights into the literature on

emergent learning and FL vocabulary acquisition.

XVI
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Chapter 1: Introduction
1.1 Introduction and background to the research problem
This thesis investigated the most effective and efficient methods for learners to acquire and
retain emergent foreign language (FL) vocabulary. To address FL vocabulary retention, it
modified instructional programming to evaluate which procedural variations produced
improvements in learning outcomes up to six months after training. The methodology employed
was quantitative, including a meta-analysis, and primarily focused on studies utilising single-

case experimental design (SCED).

1.1.1 Foreign language learning

Studying an FL offers many advantages for the learner, including greater employment
opportunities (New American Economy, 2017), and positive impacts on cognition (Antoniou et
al., 2013; Cheng et al., 2015), as well as emotional and social well-being (Klimova et al., 2021).
Developing fluency in FL, however, can be difficult and costly, particularly for adults
(Hartshorne et al., 2018), with some estimates indicating that languages such as Chinese and
Korean require at least 2200 hours of study (88 weeks) for native speakers of English (U.S.
Department of State, n.d.). Despite the clear advantages of FL proficiency, the journey to fluency
is fraught with challenges. This research aimed to address these challenges by exploring
innovative instructional strategies that could improve the efficiency and retention of FL

vocabulary.

1.1.2 Vocabulary

Vocabulary is a critical and widely acknowledged component of all aspects of FL
learning and performance; fluency and mastery require learners to acquire as much of the lexicon

1
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as possible (Yousefi & Biria, 2018). Successful communication—whether speaking, listening,
reading, or writing depends on having a sufficient working vocabulary (Susanto, 2017). Uchihara
and Saito (2019) showed that productive vocabulary knowledge was predictive of learners' oral
fluency and argued that having a larger vocabulary reduces the likelihood of pauses or repetitions
during speech. Similarly, Wallace (2020) demonstrated the importance of vocabulary to listening
performance, with learners possessing greater vocabulary knowledge better able to comprehend
FL speech. Additionally, Schmitt et al. (2011) found a direct relationship between learners'
vocabulary knowledge and their level of comprehension of text. The more words they knew, the
better their understanding of the text. Furthermore, as Nation (2022) contends, FL learners'
vocabulary is an important measure of the quality of their written work. This was evident when
Alderson (2005) compared learners’ scores on vocabulary tests and found high correlations with
scores from tests of other language components. Alderson, along with the studies described
above, showed that learners' vocabulary knowledge contributes greatly to their broader FL
performance.

Vocabulary is the cornerstone of FL learning and performance, yet many learners struggle
to acquire and retain sufficient vocabulary for effective communication. This thesis’s research
targeted this critical issue by investigating methods to enhance vocabulary acquisition and

retention.

1.1.3 Vocabulary size

Although the importance of vocabulary is clearly acknowledged, acquiring sufficient
vocabulary is one of the primary difficulties learners experience (Morgan-Short & van Hell,
2023). In examining the challenges associated with FL vocabulary acquisition, researchers

attempted to estimate the number of words learners must know. For example, Schmitt (2010)

2
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estimated that native speakers possess a vocabulary of approximately 16000-20000 English word
families. Word families are groups of words that typically comprise six or more related words,
including the root form, inflections, and derivatives. To be comparable to native speakers,
learners must attain a considerable vocabulary size.

However, the goal of acquiring a native-level size vocabulary may not be practical or
necessary for every learner. In terms of written vocabulary, Schmitt et al. (2011) recommend
learners to be familiar with 98% of the vocabulary in a text to comprehend it. Using the 98%
coverage target, Nation (2006) calculated that English as a foreign language (EFL) learners
seeking to engage with a broad range of reading material must be familiar with approximately
8,000-9,000 word families.

In comparison, spoken texts usually comprise more high-frequency words and require a
slightly smaller but still substantial vocabulary (6000—-7000-word families; Nation, 2006). More
recently, Ha (2021) determined that EFL learners had to master the 8000 most common word
families to be able to comprehend 98% of academic texts. These targets fall to 5000 word
families when a more conservative 95% requirement is applied. Similarly, Van Zeeland and
Schmitt (2013) estimated that EFL learners require a vocabulary of 2000-3000 word families to
sufficiently comprehend 95% of spoken texts. Regardless of the modality or coverage target
applied, these studies illustrate the daunting task that learners face in attaining sufficient
vocabulary to communicate successfully in an FL.

The extent of this challenge is evident in studies that identified apparently substantial
deficits in the vocabulary sizes of FL learners, including tertiary-level learners from a range of
settings (e.g., Barrow et al., 1999; Engku Ibrahim et al., 2013; Nurweni & Read, 1999). Given

the noted deficits, it is also concerning that learners often lack knowledge of successful
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acquisition strategies (e.g., Romagnoli & Conti, 2019). This current study aimed to bridge the
gap by exploring techniques that can help learners increase their vocabulary knowledge in more

efficient ways.

1.1.4 Instructional strategies

Vocabulary instruction is often differentiated as incidental or intentional (Jonathans et al.,
2021). The former approach involves the implicit acquisition of vocabulary learning, typically
through reading texts, watching videos, or playing games. Incidental vocabulary learning
approaches, including watching movies and reading books in the FL, although beneficial, tend to
be slow and are criticised by some as unsystematic and ineffective for many learners when used
as the sole acquisition strategy (Paribakht & Wesche, 1999). Intentional vocabulary instruction,
on the other hand, involves explicit programming, such as flashcards. Norris and Ortega (2005)
reported in their meta-analysis that intentional teaching methods were more effective than
incidental approaches. The current study evaluates an approach that combines intentional and
incidental learning in one procedure.

Several studies examined the effectiveness of various approaches to FL vocabulary
instruction and found considerable variability in learning gains. Webb et al. (2020), for example,
reviewed 100 effect sizes from 22 studies that used flashcards, word lists, writing, or fill-in-the-
blanks, and found learning gains of up to 60.1% on average from intentional vocabulary
instructional procedures; however, results varied substantially among learning activities, with
mean values ranging from 18.4% to 77% on post-tests conducted immediately following
training. In their review, flashcards and wordlists appeared to be the most efficacious strategies

based on averaged learning gains. Webb et al. also noted that learner gains varied considerably
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across studies even when they compared the same strategy, suggesting that not all learners
benefited from what appeared to be the most effective strategies.

Webb et al. (2020) highlight the inconsistent outcomes for FL learners and show that the
effectiveness of strategies for acquiring vocabulary can vary considerably among individual
learners. Zhang and Graham (2020), for example, compared the learning gains associated with
three types of attention-enhancing strategies and a control group. This study involved 137 senior
high-school EFL learners in China who were divided into four treatment groups receiving
different types of post-listening vocabulary explanations (L2-only, codeswitched, contrastive
focus-on-form, or none). The researchers compared the effects of these treatments on both
vocabulary acquisition (using pre-, post-, and delayed post-tests) and listening comprehension
(using pre- and post-tests). All four groups achieved statistically significant gains, and the results
indicated large effect sizes between the pre- and immediate post-training vocabulary tests,
including the control group. Individual learner’s results within and across groups showed
sizeable variability in performance, though, and scores worsened for at least one of the learners.
These differences at the individual level are important data that may reveal critical learning
variables. It is difficult to determine the source of this variability from the aggregated data
reported by the study’s group-design, though (Johnston & Pennypacker, 2010), and more SCED
research could address this gap.

In reviewing the existing FL literature, it is evident that few studies have employed SCED.
Although statistical and meta-analytical findings based on aggregated group data provide
valuable information about the general effectiveness of instructional strategies at the group level,
these results are not generalisable to individual learners (Johnston & Pennypacker, 2010).

Therefore, more FL research using SCED is needed, in addition to research using group designs,
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to develop a robust approach to vocabulary instruction. Such research must thoroughly examine
the critical variables that affect outcomes for all learners. This thesis addresses this gap by
systematically examining the impact of emergent learning procedures—combining intentional
and incidental learning—at both the group and individual learner levels, an approach employed

by behaviour analysts.

1.1.5 Behaviour analysis

Behaviour analysis has much to offer those looking to optimise instructional programs as
the history of the field is replete with demonstrations of measurably effective, empirically
derived instructional technologies (Binder & Watkins, 1990; Vargas, 2020). One of the
cornerstones of behaviour-analytic research is the use of SCED. Single-case experimental
design is characterised by ongoing, repeated measurement and replication across conditions or
participants, which are critical concerns in studying the behaviour of individuals (Kazdin, 2021).

One of the many benefits of SCED is precise examination of behavioural variability at the
individual level. In comparison, group-level designs focus on the effect of an intervention at the
population level, which may fail to detect potentially important sources of variability (Johnston
& Pennypacker, 2010). Further, well-designed SCEDs are true experiments that allow
researchers to control for multiple threats to internal validity and draw causal inferences. Finally,
SCEDs provide researchers with viable alternatives to large group studies without the need for
costly or time-intensive randomised control trials (Lobo et al., 2017).

Although still an emerging field of study in behaviour analysis, research output in FL
instructional programs has grown substantially in the past 10 years. Several recent studies
focused on evaluating behaviour analytic procedures to teach FL vocabulary instruction with

children (Cao & Greer, 2018; Cortez et al., 2020, 2021; Matter et al., 2020; May et al., 2016,

6
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2019; Petursdottir et al., 2014) and adults (Daly & Dounavi, 2020; Dounavi 2014; Wu et al.,
2019). Defining characteristics of this literature are its use of SCED and its emphasis on
emergent learning as an efficient approach to FL instruction. Specifically, what are the
conditions that reliably occasion emergent learning within applied learning settings? This thesis
employed SCEDs alongside statistical analyses to generate further insights into individual
learning processes, building on the growing behavior-analytic literature and complementing the

broader group-level studies in applied linguistics, while also addressing their limitations.

1.1.6 Emergent learning and verbal operants

Behaviour-analytic approaches to teaching FL vocabulary have typically employed
emergent learning principles and verbal operants (Daly & Dounavi, 2020). Emergent learning,
occasionally termed generative learning in behaviour-analytic literature, describes the acquisition
of knowledge without the necessity for direct experiences (Critchfield & Twyman, 2014). This
process results in some learning occurring ‘for free’, where training one set of skills leads to
proficiency in related, untrained skills (Critchfield, 2018). Such ‘free’ learning offers significant
benefits for both learners and instructors (Critchfield & Twyman, 2014). Importantly, since the
amount of time available for instruction is always constrained, educators must aim to achieve the
most effective outcomes with the resources available.

Verbal operants are specific verbal behaviours defined not by their form but by their
function and the conditions that occasion them (Skinner, 1957). The primary verbal operants
include mands, tacts, intraverbals, echoics, textuals, and listener behaviour. Mands, which
function as requests, and tacts, which operate as names or labels, are productive verbal behaviour
occasioned by non-verbal stimuli (e.g., states of deprivation and the presence of objects and

events). In comparison, echoics, textuals, and intraverbals are controlled by other verbal

7
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behaviour (e.g., speech or written texts) and characteristically produce generalised social
reinforcement from members of the learner’s linguistic community. Finally, listener behaviour is
a class of receptive verbal operant in which the learner follows directions given by others.

There is growing interest in emergent learning in behaviour-analytic research and practice,
but the field has not yet developed to the point of being considered a robust technology (Blair &
Shawler, 2019; Critchfield, 2018; Rehfeldt, 2011). The predominant research in this area is
limited to demonstration studies. According to Critchfield, the prevailing position is that when
implementing an emergent learning program, emergence may or may not be observed at some
point in the future. Basic behavioural research has identified a range of conditions under which
emergent learning is more likely; however, it is difficult for instructors to apply what has been
learned in these very controlled studies to applied instructional programs. Research to date
primarily demonstrates the possibility of learning outcomes that exceed what is achieved by
traditional programs targeting only abilities that are directly taught. Critchfield suggests that the
lack of a robust technology of emergent learning is due to a predominant focus on basic
laboratory research rather than typical learning settings. This study sought to advance the

understanding and use of emergent learning principles within an applied FL learning context.

1.1.7 Foreign tact training

Foreign language vocabulary acquisition programs that employ emergent learning
procedures have the potential to increase receptive and productive language skills while reducing
the time required to learn in comparison with traditional language programs (Matter et al., 2020).
Foreign tact training (FTT), an emergent learning procedure, teaches learners to vocalise FL
vocabulary when presented with corresponding visual stimuli (e.g., picture cards) and assesses

the emergence of untrained verbal operants.
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The standard FTT instructional procedure consists of discrete trials with picture flashcards
(Matter et al., 2020; May et al., 2019; Wu et al., 2019). The instructor presents individual picture
cards to the learner, prompting them to name the object depicted on the card using the
appropriate FL word. If the learner fails to respond correctly within three (or five) seconds, the
instructor models the correct response. Following a correct response, the instructor
acknowledges the learner’s response before moving on to present the next picture card. This
sequence of trials continues until all cards have been presented at least once or the allocated
instructional time expires. At the end of each trial block, the instructor provides the learner with
feedback on their accuracy, e.g., ‘well done, you got 80% correct.” The instructor might also
encourage the learner to continue to improve their performance to achieve a mastery criterion
score, e.g., ‘Keep it up, you almost scored 100%. Let’s see if you can get there during the next
session.’

Matter et al. (2020) demonstrated that a single emergent learning procedure comprising
FTT alone was just as effective and more efficient than a conventional procedure focused on
directly teaching all of the relations (i.e. intraverbals, listener, and tact responses). Matter and
colleagues used an adapted alternating treatments design to assess training in Spanish language
targets with English-speaking children. For most acquisition targets, FTT achieved mastery
criteria with fewer sessions than the multi-component procedure. Foreign tact training alone also
resulted in acquisition of almost all emergent untrained receptive and productive relations for all
participants, without receiving any direct training in these relations.

May et al. (2019) investigated the outcomes of a group-based emergent learning program
with six English-speaking Welsh primary school children. The children were first taught tacts in

their native language using pictures of common objects (e.g., 'what do you call this in English?”)
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until the group's performance met mastery criterion. Using a similar procedure, the children were
taught to tact each object in Welsh (e.g., “'what do you call this in Welsh?”). Subsequent post-
testing probed for emergence of intraverbal Welsh (e.g., “What is this English word in Welsh?”)
and intraverbal English responding (e.g., ““What is this Welsh word in English?”’). The results
demonstrated substantial improvements in emergent intraverbal relations for three of the six
participants. In other words, half of the participants could translate words between the two
languages without explicit training. The other three participants’ results demonstrated much
lower levels of accuracy. The authors noted that disparities between the pre- and post-testing
procedures— specifically the use of both Tact-English and Tact-Welsh trials during post-tests—
affected the accuracy of participants’ emergent responding. The authors recommended more
robust testing procedures in future studies. They also reported that participants who did not
maintain high accuracy on the directly taught tact responses (specifically Tact-Welsh) also
tended to exhibit lower levels of emergent responding. In other words, failures in emergent
learning appeared to be linked to a failure to retain the directly taught tacts. Maintenance was
tested during follow-up probes with each participant two weeks after post-testing. The results
indicated relatively stable performance, but the authors recommended that future research extend
the testing interval to examine more long-term outcomes.

In one of the few behaviour-analytic studies to date to implement emergent learning
procedures with adults learning an Asian FL, Wu et al. (2019) compared learners’ acquisition of
Chinese words using four verbal operants— mand, tact, and two intraverbal training procedures.
Overall, mand and tact training produced the most emergent responses. Wu et al. noted one of
the limitations of the study was the lack of retention measures, and it is unclear whether

responding maintained beyond the immediate post-training test period.
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Foreign tact training has shown promise in enhancing FL vocabulary acquisition. This
thesis evaluated FTT's effectiveness and explored procedural modifications to maximise its
impact, addressing a significant gap in the existing literature concerning learners’ retention of

emergent FL vocabulary.

1.1.8 Retention

Retention refers to the level of performance demonstrated by the learner following a period
(i.e., retention interval) without practice or reinforcement (Binder, 1996). Maintenance, on the
other hand, describes learners’ performance levels outside of training but within a context that
provides the learner with opportunities to practice the acquired material. Robust levels of
retention are critical learning outcomes because changes in performance that fail to persist
beyond the classroom/instructional context or in the absence of ongoing practice are unlikely to
produce meaningful changes in the learner’s life. Similarly, FL learners who want to retain
vocabulary learning without access to a linguistic community to practice vocabulary naturally are
limited to the opportunities within formal instructional programs or self-study (Petursdottir &
Oliveira, 2023). Australians learning Korean language vocabulary at home, for example, are
unlikely to have ongoing access to a natural Korean language environment. In these
circumstances, retention is particularly important for the learner to continue to develop the size
and breadth of their vocabulary.

Although interest in emergent learning and FTT is on the rise, the retention of knowledge
acquired through FTT is not yet well understood. Only a handful of applied studies have
investigated maintenance following FTT (Cortez et al., 2020, 2022; Daly & Dounavi, 2020;
Matter et al., 2020; May et al., 2019), and no research has assessed the long-term retention of

vocabulary.
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According to Johnson and Layng (1996, p. 285) a sufficiently long-term retention interval
is “a month or more.” The few studies to date that have demonstrated robust long-term retention
come from the broader emergent learning and non-applied research literature (i.e., arbitrary or
nonsense words) which raises concerns about the utility of emergent learning procedures for
developing socially meaningful outcomes (Eilifsen, & Arntzen, 2017). Regaco et al. (2023)
highlighted these concerns when they identified just 24 papers among the broader stimulus
equivalence literature examining maintenance of emergent learning outcomes. They
recommended further research to identify the critical variables, including training procedures,
that impact retention. Retention is a crucial yet often overlooked aspect of emergent FL learning.
This thesis assessed not only the immediate effectiveness of FTT but also its long-term retention

outcomes, providing a comprehensive evaluation of FTT’s practical utility.

1.2 Statement of the problem

In summary, the contextual factors and issues related to this thesis’ research questions were
as follows:

a) FL learners must acquire a substantial vocabulary size to be able to communicate
effectively;

b) FL vocabulary acquisition and retention are challenging for learners not immersed in
a natural linguistic community;

c) anascent but growing field of research points to the potential benefits of emergent
learning procedures for producing effective and efficient FL vocabulary instruction;

but
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d) emergent learning outcomes are highly variable across learners, retention of learning
is rarely evaluated in applied research studies, and it is unclear what training

procedures reliably produce long-term learning outcomes.

An initial scoping of the emergent learning literature identified FTT as a promising
instructional procedure for FL vocabulary acquisition; however, it was difficult to evaluate
FTT’s effectiveness in comparison with other instructional procedures as there were no
systematic reviews of FL emergent learning programs available at the outset of this thesis.
Additionally, little was known about the long-term learning outcomes (i.e. longer than one
month) associated with FTT, or the procedural variables that impact retention, or how FTT might
be improved to optimise those outcomes. This study sought to address these gaps by
systematically investigating the efficacy of FTT and its impact on long-term vocabulary

retention.

1.3 Research questions

This thesis sought to investigate the critical issue of vocabulary retention in FL learning
through a series of empirical studies within the context of applied learning activities. By
examining procedural modifications in FTT, this research aimed to identify strategies that
enhance the retention of emergent vocabulary learning, thus providing valuable contributions to
the field of behaviour analysis and FL instruction. The main research question was:

What procedural modifications to the design and implementation of FTT contribute to

improved retention of emergent Korean vocabulary?
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The research methodology included a systematic review, meta-analysis, and a series of

applied experimental studies conducted at the individual learner level of analysis. In addition to

examining the main research question regarding the impact of a modified FTT protocol on the

retention of emergent learning outcomes, this thesis investigated the following research sub-

questions:

1.

Chapter 3 (Technical paper; Study 1). This chapter considered the technical aspects of
computer-assisted data-extraction and developed a protocol for use when conducting
systematic reviews with behaviour-analytic literature:
a) How does one extract graphical data for re-analysis from published SCED
graphs using a data extraction software program?
Chapter 4 (Systematic review and meta-analysis; Study 2). In this chapter, systematic
review examined the effects of FTT on emergent learning outcomes:
a) What are the effects of FTT on emergent learning outcomes in the published
literature to date?
b) How do FTT acquisition, emergence, and overall efficiency compare with
other verbal operant training procedures?
¢) Does FTT produce higher levels of emergent responding for adults or
children?
Chapter 6 (Empirical paper, Study 3): This chapter evaluated a modified FTT
protocol that incorporated fluency-based overlearning trials. The key experimental

research question was:
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a) Does repeated practice of foreign tact relations beyond initial mastery (i.e.,
accuracy criterion) using fluency-building procedures affect the retention
accuracy of derived intraverbal relations during testing?

4. Chapter 8 (Empirical paper, Studies 4 and 5). This chapter incorporates two
experiments, the first of which attempted to evaluate the effects of response rate and
extended practice while controlling for total training duration:

a) Does an intertrial interval during training affect the retention accuracy and
response rate of emergent and directly trained learning during post-testing?

The final experiment further modified the FTT protocol to include spaced practice and
reassessed retention outcomes:

b) What are the effects of weekly practice tests with and without feedback on

retention of emergent and directly trained learning?
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Chapter 2: Theoretical Framework

2.1 Introduction

Emergent learning? is a term used in behaviour analysis to describe learning that is not the
result of direct experience (Critchfield & Twyman, 2014). For instance, when learning a foreign
language, ‘direct experience’ might involve explicitly practicing each target word, while
emergent learning involves the indirect or incidental acquisition of language. The phenomenon
of emergent learning has intrigued countless researchers and educators, and several fields of
psychological study have attempted to explain how emergent learning occurs. This chapter
presents an overview of the theoretical framework and a historical perspective on the
development of emergent learning principles. By exploring these foundational theories, this
research aimed to build upon established knowledge and contribute to the growing understanding
of how the principles of emergent learning can be used to improve FL vocabulary acquisition
and retention.

2.2 Historical perspectives of emergent learning

2.2.1 Cognitive psychology

Cognitive psychologists argue that emergent learning occurs due to the learner engaging in
what is termed ‘meaning making’ through a process of critical reflective thinking (Critchfield,
2018; Zittoun & Brinkmann, 2012). Additionally, cognitive psychologists assert that learners
produce new knowledge beyond what they already know by mentally manipulating the material
using logical reasoning (Seel, 2012). For example, the EFL learner who ‘knows’ that a ‘bird’ is a

winged animal, and a ‘house’ is a dwelling, uses this knowledge to conclude, without direct

2 Other related terms include derived relations, stimulus equivalence, and generativity (Lafrance and Tarbox, 2020).
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instruction, that a ‘birdhouse’ is a dwelling designed to accommodate winged animals. While
this perspective highlights the role of cognitive processes in learning, it underestimates the
importance of social and environmental factors. Learning is not solely an internal, cognitive
activity; it is also influenced by interactions with others, cultural contexts, and the availability of
external resources and experiences (Vygotsky, 1978). Therefore, focusing exclusively on mental
manipulation and logical reasoning provides an incomplete picture of how emergent learning

occurs.

2.2.2 Gestalt psychology

Gestalt psychologists hold a similar position to cognitive psychologists and argue that the
learner constructs meaning through insight (Ash et al., 2012). Kohler (1925) was one of the first
to explore the notion of insight through a series of well-known experiments in which
chimpanzees were placed in an environment with food in their line of sight but not within reach.
The apes attempted a range of previously employed problem-solving strategies, including
climbing, and using sticks. When these attempts failed, Kohler observed the apes stop engaging
in all overt trial and error problem-solving actions for a period. Then, suddenly, some of the apes
solved the problem by stacking crates and climbing on top. Koéhler concluded that the successful
apes had abandoned searching for solutions in the external physical environment and shifted
their efforts to internal cognitive trial-and-error strategies (Johnson & Street, 2004). Gestalt
psychologists refer to this internal cognitive learning approach as ‘insight learning’ (Ash et al.,
2012, p. 6). Behaviour analysts argue that viewing these phenomena as internal processes only is
unhelpful as it fails to provide a means by which the learner who lacks insight or the ability to
produce meaning making can develop these apparent spontaneous untaught capabilities

(Critchfield, 2018).
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2.2.3 Behaviour analysis

Epstein et al. (1984) aimed to extend Kohler’s (1927) work and provide a behavioural
interpretation of ‘insight’ (Johnson & Street, 2004). Epstein et al. taught pigeons a series of three
problem-solving strategies: pushing a small box around, stepping on a box, and pecking at an
object. The experimenters taught each strategy separately, and systematically varied instruction
for the pigeons. Consequently, only the birds that were taught all three problem-solving
strategies were able to successfully solve the problem. Epstein et al. contended that the
performance of this group of pigeons demonstrated “...suddenness, directness and
continuousness” (p. 62) and satisfied ... Kdhler’s criteria for ‘genuine’ or ‘insightful’ solutions”
(p. 62). Consequently, Epstein argued that the pigeons’ ability to perform these novel solutions
was a function of previous experience, not ‘insight’. Epstein (1991) later referred to this
phenomenon, in which combinations of existing repertoires spontaneously emerge in the form of
novel behaviour, as ‘generativity’. Emergent learning and other related behaviour-analytic terms,
including stimulus equivalence and derived stimulus relations, are forms of generativity;
characterised by the emergence of novel behaviour, they encompass all behaviour that is not
reinforced or directly trained (Lafrance and Tarbox, 2020). By grounding emergent learning in
observable behavioural processes, this perspective offers practical strategies for promoting such

learning in FL instruction.

2.2.4 Stimulus generalisation

Despite the ubiquity of emergent learning and other forms of generative behaviour, it has
long been considered one of the most difficult of psychological phenomena to account for and is

the subject of countless theories and investigations over the last 100 years, including those

18



Retention of emergent foreign vocabulary

described above (Critchfield et al., 2018). For example, in a paper published in 1939, Hull asked
the question, “How can we account for the fact that a stimulus will sometimes evoke a reaction
to which it has never been conditioned?” (p. 9). At the time, Hull contended that this

phenomenon is due to stimulus generalisation.

Stimulus generalisation describes learners’ tendency to produce similar responses to
stimuli with comparable physical dimensions (e.g., Reynolds, 1961). In other words, a response
which has been reinforced in the presence of a particular controlling antecedent stimulus, comes
to be evoked by other physically similar stimuli (Cooper et al., 2007). This is evident when a
learner is taught to say “7l” (Korean word for dog) when referring to his teacher’s German
Shephard, and then uses the same phrase without prompting to tact his neighbours’ Siberian
Husky. In this example, tacting the Korean word for dog was generalized to novel, but physically
similar antecedent stimuli — German Shephard to Siberian Husky. Yet, stimulus generalisation

does not fully explain emergent learning.

2.2.5 Derived relational responding

Stimulus generalisation does not explain humans’ ability to produce similar responses to
stimuli with dissimilar physical properties (Dougher et al., 2014). For instance, a Korean
language learner who is taught to say '®] A}' when shown a picture of a chair, and then
independently points to the picture of the chair when he hears '] A}, is relating two stimuli that

that have no physical similarities (Sidman, 2009; Stewart, 2018). The visual image of a chair
lacks any formal correspondence with the spoken word—one is a sound, and the other is a visual

image. Their relation is arbitrary (Stewart, 2018).
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In contrast to stimulus generalisation, derived relational responding is a form of
equivalence between two or more stimuli that emerges without the need for explicit instruction
or similar physical properties (Stewart, 2017). Countless examples of this phenomenon are
observable in a variety of everyday circumstances. For example, when told that Seonhwa is older
than Dongil and Chloe is younger than Dongil, most typically developing school-age learners
can correctly identify that Chloe is the youngest and Seonhwa is the oldest of the three, despite
not seeing what they look like or knowing their specific ages; the learner has derived the
arbitrary equivalence relations between the stimuli. This ability to derive relationships between
stimuli that do not share physical attributes highlights the complexity of emergent learning,

setting the context for a deeper exploration of the theories that aim to explain this phenomenon.

2.3 Theories related to emergent learning

Three main theories have been proposed to explain the conditions that give rise to derived
stimulus relations and emergent learning (Lafrance & Tarbox, 2020; Rehfeldt, 2011). These
three theories: stimulus equivalence (Sidman, 1971), naming theory (Horne & Lowe, 1996), and
relational frame theory (RFT; Hayes et al., 2001), all focus on the learner’s experiences and
history of reinforcement of verbal behaviour. Language as verbal behaviour is like all other
behaviour in that its development is impacted by the individual's learning history with behaviour-

environment relations (Lafrance & Tarbox, 2020).

2.3.1 Stimulus equivalence

In his seminal study on stimulus equivalence, Sidman (1971) discovered that when certain
stimulus-response relations are taught under the right conditions, other untrained (i.e. emergent)

stimulus-response relations may emerge. The learner in Sidman's experiment could not read and
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was subsequently taught to match 20 spoken and printed words. Following training, they
matched printed words to related pictures and said their names aloud, without prior training in
these specific stimulus-response relations. Sidman referred to this as an equivalence relation.
Equivalence relations are said to have emerged when each of the stimuli that comprise the
putative equivalence class are substitutable with the other stimuli within the class (Bortoloti & de
Rose, 2011).

It was Sidman and colleagues who first operationally defined criteria and behavioural tests
for verifying equivalence relations (Sidman & Tailby, 1982). Specifically, they proposed that an
equivalence relation established between dissimilar stimuli must demonstrate reflexivity,
symmetry, and transitivity (Sidman, 2018; Sidman & Tailby, 1982).

Table 1 shows examples of Sidman’s stimulus equivalence relations (Sidman & Tailby,
1982). Reflexivity refers to the condition in which the learner can match a stimulus with itself
(A=A); the learner who can match a picture of a dog (A) with a copy of the same picture (A)
demonstrates the property of reflexivity. Symmetry, on the other hand, is the condition in which
two different stimuli are explicitly taught to be related (A=B) and the learner then independently
matches the second stimulus with the first (B= A). For example, when shown a picture

containing a dog (A), the learner is taught to select the text “7l|” (B) and when later shown the
text “7)”, independently matches it to the picture of a dog. Transitivity requires a third stimulus.

First, two different stimuli are related, and at the same time a third stimulus is explicitly related
to the second (A=B and B=C). The learner then independently matches the first and third stimuli
(A=C). As shown in the example, after learning to match the picture with the referent Korean
text (A—B), the learner is then taught to say “geh” when shown the written text (B—C).

Transitivity is observed when the learner is then able to independently, without further training,
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say “geh” when shown the picture of a dog (A=C) and point to the picture of a dog when he

hears “geh” (C=A)

Table 1

Stimulus equivalence relations

Stimuli Emergent stimulus relations
A A A
Reflexivity (object/picture) (object/picture) (object/picture)
= = I8
A B B A
Symmetry (object/picture) (foreign text) (foreign text) (object/picture)
—> 7N 7N
~ =
A B A C
(object/picture) (foreign text) (object/picture) (spoken word)
H 7]:' ugehn
&L &E &L &E
Transitivity
B C C A
(foreign text) (spoken word) (spoken word) (object/picture)
7]:' : llgeh" ”geh"
&L &E

Note. The foreign text “7}|”, pronounced ‘geh’, meaning dog, is written using the Korean writing

system, Hangul.

22




Retention of emergent foreign vocabulary

Sidman (1986) stated that the key contribution arising from the study of stimulus
equivalence relations is the mechanism it provides for identifying and producing the conditions

that occasion emergent learning:

"By reacting to a word as an equivalent stimulus - the meaning of a word - a person can
behave adaptively in an environment without having previously been exposed to it. The
emergence of equivalence from conditionality permits Behavior Analysis to account for the
establishment of at least simple semantic correspondences without having to postulate a direct
reinforcement history for every instance. Instead of appealing to cognitions, representations, and
stored correspondences to explain the initial occurrence of appropriate new behaviour, one can
find a complete explanation in the...units that are the prerequisites for the emergent behaviour"

(p. 236).

Sidman’s work laid the foundation for understanding how these untrained relations

emerge, leading to the development of other key theories in this area.

2.3.2 Naming theory

The second key theory, naming, involves the combination of listener and speaker
behaviours following multiple examples and social reinforcement typically experienced during
the formative years of child development (Horne & Lowe, 1996). Naming is developed as a
generalised operant through a history of reinforcement for engaging in multiple exemplars of
appropriate combinations of speaker-listener responses and is considered a key skill in the
development of numerous academic skills (Miguel, 2016). Naming is also a pivotal skill for
vocabulary acquisition, enabling learners to acquire language without direct instruction (Horne &
Lowe, 1996).
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This process typically begins during the early stages of infancy when children start to
attend to their parents’ vocal utterances as well as the ways in which they interact with the
environment. Consequently, objects in their environment begin to take on discriminative
functions (e.g., balls evoke rolling, bouncing, and kicking behaviours). As parents start labelling
and requesting items from their child and differentially reinforcing non-verbal responses, the
child develops a listener repertoire. In turn, the child develops a repertoire of speaker responses
as her own vocal utterances contact reinforcement from her parents. As the child engages in
these vocal utterances, she may respond to her own speaker behaviour with appropriate listener
responses (and vice versa), which is said to be when she starts to develop the ability “...to listen
with understanding” (Miguel, 2016, p. 128). When the learner develops the ability to engage in
bidirectional naming of an object following simply listening to others tact the object, a robust
bidirectional naming repertoire is developed (Miguel, 2016). This theory highlights the
importance of integrating both speaker and listener behaviours in FL instruction to promote

emergent vocabulary acquisition.

2.3.3 Relational frame theory

In contrast to naming theory, RFT expands on Sidman’s stimulus equivalence theory and
explains emergent learning as a repertoire of generalised verbal operants, which refers to verbal
behaviour that has become controlled by a variety of stimuli and reinforcers. Multiple exemplar
training in contextually cued patterns of stimulus relations leads to relational responding
(Stewart, 2018). When an individual learns to relate stimuli in specific ways, and a pattern of
generalised relational responding is developed, she can then apply those same relational patterns

to novel stimuli and relevant contextual cues. For example, the relational terms hotter (T
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=t} and colder (] *}73T}) may be developed through discriminative learning and multi-

exemplar training, e.g., repeated discrimination trials with prompting - which is hotter/ colder?
When the learner has had sufficient opportunities to engage in and be reinforced for
discriminating hotter or colder stimuli when provided with these verbal contextual cues, the
relational response may be applied to a range of stimuli that she has no direct experience or
training with because the verbal cues (e.g., hotter/colder) occasion this pattern of relational
responses. For example, when the learner is told that the sun is hotter than the surface of the
earth, and the surface of the earth is hotter than the surface of the moon, they can then derive
several untrained relations—sun is hotter than moon, moon is colder than sun, moon is colder
than earth, earth is hotter than moon, and earth is colder than the sun. Relational frame theory
extends stimulus relations beyond equivalence, meaning that a potentially unlimited number of
relational frames are possible (Barnes-Holmes et al., 2018).
2.4 Applications of stimulus equivalence to language learning

As noted earlier in section 1.16, emergent learning procedures have the potential to make
vocabulary acquisition more efficient. All three related theories—stimulus equivalence, naming
theory, and RFT—share the common premise that language learners can develop vocabulary
without direct exposure to each response form of a word (Matter et al., 2020). That is, rather than
teaching all relations directly, establishing a single relation (e.g., learning to tact ‘geh’ in the
presence of a dog) may result in several other verbal operant relations without instruction (e.g.,
intraverbal and listener relations; Petursdottir & Oliveira, 2023). This potential for emergent
learning to improve vocabulary acquisition efficiency underscores the importance of this

research in identifying and refining effective instructional strategies.
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Figure 1 illustrates the FTT process by showing how several emergent relations are derived
from existing and directly trained tact relations. Foreign language learners can potentially derive
equivalence between pictures, the related native words, and foreign words (Daly & Dounavi,
2020; May et al., 2013). According to Sidman’s stimulus equivalence, relating stimulus A

(‘dog’) with B (picture of dog), and B (picture of dog) with C ( “7l|”), is likely to result in several

untrained relations (Sidman, 2018).

Similarly, naming theory emphasises the integration of listener and speaker behaviours,
suggesting that learners who develop bidirectional naming can acquire new vocabulary without
direct instruction in each form. Relational frame theory extends these ideas by proposing that
relational frames, once established, can be applied to novel stimuli and relevant contextual cues.

Commonly, FL learners can name (tact) each of the target pictures in their own language
(e.g., Daly & Dounavi, 2020; Dounavi, 2011, 2014; Matter et al., 2020; Petursdottir &
Haflidadoéttir, 2009; Petursdottir et al., 2008; Wu et al., 2019). Therefore, following successful
FTT, learners can relate stimulus A (native-language word) to B (picture), and B (picture) to C
(foreign-language word). Instructors then test learners’ emergent responding, and probe for
untaught relations: FNI trials probe for the untrained C—-A relations, NFI trials probe test for A—C
relations; and listener probes test for C—B relations. Contextual cues are used to evoke learners’
emergent responses, e.g.— “What is ‘geh’ in English?”, “How do you say ‘dog’ in Korean?”,
“Point to ‘geh’”, “What is the Korean name for this?”

Figure 1
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Existing, trained, and emergent relations following foreign tact training

B
(object/picture) v G’b

T

emergent relation (NFI probe)

(native word) ——— e e mm o = - — = (foreign word)

“dog”

< == o - - s = Em == =m = geh”

emergent relation (FNI probe)

\

Note. NFI = native-to-foreign intraverbal, FNI = foreign-to-native intraverbal. Adapted from

Wooderson et al. (2022).

2.5 Introduction to Chapters 3 and 4

This chapter presented an overview of the theoretical foundations and historical
perspectives of emergent learning, highlighting its potential in FL instruction. Understanding
these theories is crucial as they provide a framework for developing effective instructional
strategies using emergent learning principles to enhance vocabulary acquisition. The insights
gained from these theories are essential for designing interventions that maximise learning
efficiency and facilitate the acquisition of new language skills without requiring extensive direct

instruction.
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The next two chapters focused on the methodological aspects of this thesis. Chapter 3
investigated techniques for extracting graphical data from SCED research. These data extraction
techniques were then utilised in the systematic review presented in Chapter 4. This review
focused on FTT, which has been described as potentially the most productive of the various
verbal operant emergent learning procedures (Matter et al., 2020). However, determining the
generality of FTT outcomes is difficult because current research is limited to SCED studies. To
address this gap in the literature, aggregate data from the research on FTT was extracted and
analysed to determine its impact on emergent learning outcomes at the group level of analysis.
Finally, the meta-analysis evaluated the extent to which FTT acquisition, emergence, retention,

and overall efficiency compared to other emergent learning procedures.

28



Retention of emergent foreign vocabulary

Chapter 3: Tutorial: Extracting Published Graphical Data Using Digitizeit: A Step-By-Step
Guide for Behavior Analysts Wanting to Reanalyze Single-Case Data

Peer reviewed paper: Wooderson, J. R., Bizo, L. A., & Young, K. (2024). Extracting published

graphical data: A guide for researchers wanting to synthesize single-case data. Experimental

Analysis of Human Behavior Bulletin, 34, https://doi.org/10.17605/0sf.io/rfhjx 3

3.1 Abstract

Graphical data displays and visual analysis are cornerstones of behavior-analytic research.
However, graphical data present challenges when conducting analyses across published studies.
Specifically, single-case experimental design graphs frequently employ different axis scales
across studies and sometimes within studies; and researchers often do not publish the raw data.
Consequently, researchers wanting to compare or reanalyze data across published literature often
need to extract data from plotted line graphs. In cases where raw data is inaccessible, data
extraction software programs provide a valid and reliable method for digitizing graphed data sets
from published single-case experimental design studies. Our purpose in writing this article is to
demonstrate how to extract graphical data from published articles using the software program
Digitizelt™. We present a series of task analyses and an example for readers to follow to import
single-case graphs into the program, plot data points, and export the numerical data to a
spreadsheet program.

Keywords: single-case experimental designs, data extraction, task analysis, visual analysis
3.2 Introduction

Single-case experimental designs (SCED) are characterized by ongoing, repeated

measurement and replication across conditions or participants—which are critical concerns in

3 The paper was published in an American journal and uses American English spelling throughout.
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studying the behavior of individual organisms (Kazdin, 2021). One of the many benefits of
SCED:s is that they allow for precise examination of behavioral variability at the level of the
individual. In comparison, group-level designs focus on the effect of an intervention at the group
level, which may fail to detect potentially important sources of variability among individuals
(Johnston & Pennypacker, 2010). Further, well-designed SCEDs allow researchers to control for
multiple threats to internal validity and draw causal inferences. Consequently, SCEDs provide
researchers with viable alternatives to large group studies (Lobo et al., 2017). Due to these
methodological advantages, researchers and practitioners in applied behavior analysis and related
fields primarily use SCEDs and visual analysis methods to evaluate intervention outcomes
(Horner & Swoboda, 2014; Wolfe et al., 2019). Specifically, they use visual inspection of data
plotted on line graphs to make decisions about whether to adjust treatment during intervention
and determine the strength of causal relations between behavior and environmental variables
(Kratochwill et al., 2013; Ledford et al., 2018).

This reliance on visual analysis presents some challenges when comparing data across
studies. Specifically, SCED graphs frequently employ different axis scales across studies and,
sometimes, within studies. Also, SCED graphs may contain more than one independent variable
(e.g., alternating treatments designs), which may confound visual comparisons with other
studies. As a result, several supplemental statistical measures exist for estimating effect sizes for
SCED data (Maggin et al., 2017). Still, visual analysis remains the most appropriate
methodology for examining variability in SCED data stability, level, and trend (Ledford et al.,
2018). Researchers and practitioners wanting to use visual analysis to evaluate the impact of
interventions by comparing data patterns across studies must first extract the data from the

published literature.
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For example, Wooderson et al. (2022) recently conducted a meta-analysis comparing FL
vocabulary training procedures across seven studies and 23 learners. One of the study’s aims was
to compare the effectiveness of several verbal operant training procedures. In addition to
statistical measures, the researchers employed descriptive visual analysis by extracting data from
the training phases of each study and graphing the data on standardized panels. Figure 1 shows
graphs of two training phases included in the systematic review and a synthesized graph showing
both phases in one panel. Even though the top two graphs were from the same study (Dounavi,
2014; p. 168), their x-axes used different scales and were difficult to compare using visual
inspection. We found it easier to compare the data after plotting them on one graph (bottom
panel, figure 1).

Although it would have been preferable to regraph the studies’ raw data, Wooderson et al.
(2022) could access the data directly from the authors of four of the seven papers, and could not
obtain any data for three studies. Unfortunately, requesting data from researchers often does not
work, as it may not be possible to contact them, they do not respond to requests, or advise that
they no longer have access to the datasets (Van Der Zee & Reich, 2018). Although the advent of
the Open Science movement and the capabilities afforded by digital technologies create the
potential for greater access to empirical data, uptake by researchers is limited (Robson et al.,
2021). Moreover, there is abundant basic and applied behavioral data not stored on digital
repositories but published in the extant SCED literature.

In addition to the example above, there are other reasons why practitioners may want to
extract and reanalyze published research data. First, engaging with and conducting research
allows practitioners to approach problems in ways in which they have yet to be directly trained.

Sidman (2011) considered the development of practitioners into scientist-practitioners a critical
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imperative within the field of behavior analysis. He encouraged practitioners to engage in basic
and translational research because it improves their practice and offers a “whole new slant on
behavior analysis” (Sidman, 2011, p. 976). Meta-analyses can be useful tools for practitioners to
Figure 1

Example graph panels (top 2 panels) with differing x-axis scales (reprinted, with permission,
from Dounavi, 2014 © John Wiley and Sons) and synthesised graph (bottom panel) containing
both the Foreign Tact and Foreign-Native Intraverbal training data extracted from Dounavi

(2014; p. 168;)

PEDRO
BL Probes
30 1 Foreign Tact Training A=
2 i
2 25 H 1
2 | i
@ | !
@ 20 | |
o 1 Intraverbal (N-F) :
3 |
2 s \ \ 1
S \ |
g I :
S 10 : Tact 1
£ ! i
5 |
2 ! SET1] |
0 +eorat r po—ey—— v v —r . v—r . v r . r v - .
1 2 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24
Sessions
BL F-N Intraverbal Training N-F Iritraveroal \
30 - | \ \ Training TS
7] I | | I
“cn) ] |} I
£ 25 I | |
o ] ) I I
> | | | 1
@ 20 | | .: :
1
S | Probes | | 1
8154 | 4 i
S 1 | 1 |
it | | | |
s 10 | | Intraverbal (F-N) | 1 |
e | | | |
2 | | 1 1
-E 5 | 1 | |
s | P! :
= |
o 4 :

1 3 5 7 9 11 13 15 17 19 21 283 25 27 29 31 833
Sessions

90%

Percentage of correct responses
e

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Sessions

32



Retention of emergent foreign vocabulary

pose their own research questions and assess the strength of evidence for a given practice,
particularly in the case of emerging or promising practices that have yet to be evaluated in the
published literature. Second, essential criteria for behavioral interventions include the
requirement that they are effective (Baer et al., 1968). Practitioners evaluating whether a given
treatment intervention produced enough of a behavior change to be considered effective might
compare their results with those in the published literature. Again, visual analysis is useful
because it allows the practitioner to examine the data across interventions according to level,
trend, and variability.

Difficulty accessing raw data is an issue for researchers and practitioners who want to
reanalyze SCED data from the extant literature. Behavior-analytic literature employs graphical
data presentations almost exclusively, and raw data or effect sizes are rarely presented within
publications. In cases where raw data is inaccessible, data extraction software programs provide
a valid and reliable method for digitizing graphed data sets from published SCED studies (Aydin
& Yassikaya, 2022; Drevon et al., 2017; Flower et al., 2016; Rakap et al., 2016). These data are
available for reanalysis or meta-analysis if one knows how to use tools like Digitizelt™.

3.3 Method

This technical article demonstrates how to extract data from published SCED graphs using the
data extraction software program. We recognize that readers may experience difficulties when
using these procedures, so we included a simple example for readers to follow. However, the

supplemental material also includes a demonstration video (https://youtu.be/3XVkYUEWxkY)

and troubleshooting guide for more complex situations (e.g., plots with multiple y-axes). The
basic procedure, however, is similar for most extraction programs and includes five key steps

(Moeyaert et al., 2016; Rakap et al., 2016):
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1. Import the graph into the program

2. Define XY axes

3. Plot data points

4. Create datasets

5. Export data
The task analyses below were performed using a registered copy of Digitizelf™ (Version 2.5.3;
Bormann, 2020). We selected Digitizelf™ for this demonstration because it is the only program
we could identify that includes the capability to automatically plot data points based on their
shape (i.e., symbols). Thus, Digitizelt™ potentially significantly reduces the time required to
extract data from SCED graphs. We tested other software programs (Biosoft, 2004; Geomatix,
2021; Rohatgi, 2020; Tummers, 2015) that include automated extraction tools, but they are

limited to tracing lines or curves rather than matching symbols.

Digitizelt™ was downloaded from http://www.digitizeit.xyz/ and installed on a desktop

computer running Windows 10. At the time of writing, the unregistered version was available to
download and use for evaluation purposes for up to 21 days. The reader should install Adobe
Acrobat™ on their computer if following the steps that describe importing graphs. We used the

free version, Adobe Acrobat™ Reader DC, downloaded from https://get.adobe.com/reader/. We

also used the online version of Google Sheets™ (https://docs.google.com/spreadsheets/) for the

final set of steps regarding exporting data. Google Sheets™ is free to use but requires a Google
account, which is free to create. The reader may also download or access all three programs

following Google searches keywords ‘Digitizelt’, ‘Adobe Acrobat Reader’, and ‘Google Sheets’.
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3.31 Importing the graph into the program

First, the reader should copy the graph image and import it into Digitizelf™. Adobe

Acrobat’s snapshot tool provides a convenient method for copying graph images directly from

.pdf files.

1.

Open the research article in Adobe Acrobat™ and navigate to the page that displays the
graph panel from which you intend to extract the data. Our example uses the top panel in
Figure 1 — ‘Foreign Tact Training’ (Dounavi, 2014; p. 168).

Next, click on the EDIT menu, select MORE, then TAKE A SNAPSHOT. Position the
cursor at the top-left corner of the graph’s image, then press and hold the left mouse
button while dragging the cursor to highlight a bounding box around the graph (Figure 2).
Ensure that the selection window includes all necessary information, including the x- and
y-axes and the graph’s key if it has one. After releasing the left mouse button, a dialogue
box should open and state that the selected area has been copied. At this point, you

should click OK, then open and maximize the Digitizelf™ program.

3. From within Digitizelt™, select EDIT, then PASTE GRAPH to import the graph into the
workspace.
3.32 Defining the XY axes

The following task analysis describes the steps required to calibrate and align the

coordinate system with the imported graph’s axes. The program requires four coordinates to

define the XY axes — x min, X max, y min, and y max. The reader must complete these steps

accurately before moving on to plotting data points.

1.

Select AXIS, then X MIN, and you should see the cursor change to a crosshair.
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Figure 2

Copying graph images directly from pdf files using the SNAPSHOT tool in Adobe Acrobat™
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2. Position the crosshair at the lowest labelled point on the graph’s x-axis, click the left
mouse button, and enter the corresponding x-axis value into the Axis value dialogue box
that appears. If following our example, click on the center of the first data point and
enter 1 as the x min value. After you click on OK, a red crosshair should then appear,
marking the x min position.

3. Now select AXIS, then X MAX, click on the highest labelled point on the x-axis and
enter its value into the Axis value dialogue box. In our example, you should click on the
midpoint between the final two tick marks along the x-axis and enter 24 as the x max
value. A horizontal red line will appear along the x-axis connecting the first and second

crosshairs after clicking on OK.
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4. Repeat the previous two steps by selecting AXIS, followed by Y MIN and then Y MAX
to enter the y min and y max values accordingly. Following along with our example,
position and set the y min value at 0 (i.e., the origin) and the y max value at 30 (i.e., the
top of the y-axis; Figure 3) along the y-axis. Once this is done, a vertical red line

connecting the y min and y max points should be visible.

3.33 Plotting data points and creating datasets

A powerful feature of Digitizelf™ is the ability to automatically match and digitize
symbols within graphs. This feature sets Digitizelf™ apart from other data extraction programs
that lack this capability. Automatic digitization (i.e., data plotting) can reduce the effort and time
needed to extract data from SCED graphs; however, Digitizelf™ sometimes fails to identify and
match all symbols. In such cases, Digitizel™ also includes the capability to plot data points
manually. The task analysis below describes both procedures, including steps for adjusting

settings and defining search regions to improve automatic digitization.

3.34 Automatic data plotting

1. If your graph includes more than one phase or condition, you may choose to restrict
automatic digitization to a specified region of the graph by defining a search region. To
do this, click on AUTO and select SEARCH REGION. Then click and drag a rectangle
with the mouse around the data points you intend to include in the search region. Try to

exclude any unwanted data points or text. Following our example below, create a search
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Figure 3

Defining the XY axes in Digitizelt™
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2. region around the middle phase containing sessions 3 — 21 (i.e., ‘Foreign Tact Training
phase’). If you wish to include the whole graph, skip this step and proceed to step 2.

3. To automatically digitize the data points, click on AUTO, then select FIND SYMBOLS,
and click on one of the symbols that you want to digitize within the graph panel. In the
case of our example, click on one of the Tact symbols (i.e., filled black diamond) from
within the search region. Now Digitizelt™ will try to find all similar symbols and put
them into a new dataset. If successful, you will see a green crosshair positioned at each
symbol’s center (Figure 4). You may also see a popup “New User Tip” asking if you

would like to “Change symbol finder parameters”; dismiss these tips as they pop up.
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If Digitizelt™ fails to match all the symbols correctly, try adjusting the similarity settings
in the automatic digitizing dialogue box. Before doing this, clear the existing data points by
selecting DATASET, then DELETE to prevent the program from digitizing the same data points

twice.

Figure 4
Screenshot from Digitizelt™ showing the search region for the foreign tact training dataset and
automatically digitized data points (Reprinted, with permission, from Dounavi, 2014 © John Wiley

and Sons)
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Then, open the AUTO menu and click on OPTIONS to access the automatic digitizing settings.
You can adjust the similarity settings by moving the SYMBOL MATCHING IN% slider control
up or down. This setting’s value determines how well the selected symbol must match the one
you want to digitize to be considered the same. If Digitizelt™ does not find all the data points
you want to digitize, try a lower value. Ifit finds too many (i.e., other symbols or text), try a
higher value. After adjusting the slider, try clicking on one of the symbols again. You may need

to make several adjustments; remember to clear the existing data points before each attempt.
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In some cases, Digitizelt™ appears to have difficulty detecting symbols if the graph’s
image is too uniform. The software may perform better with ‘noisy’ images containing slight
variations between the symbols. If you have attempted all the above adjustments and
Digitizelt™ does not find any matched symbols, try importing a screenshot of the graph with a
lower image resolution. One way to achieve this is by zooming out in Adobe Acrobat™ before

taking a snapshot and importing it into Digitizelt™.

Manual data plotting

1. You can add data points manually if automatic digitization fails to find all of them. To
do this, click on DATA, and then TAKE POINTS MANUALLY (Figure 5).

2. Then, click on the center of each data point that you want to add to the dataset.

3. To remove unwanted data points, click on DATA and select DELETE. Then, click on

each data point you want to delete from the dataset.

Figure 5

Selecting the TAKE POINTS MANUALLY and DELETE points tools in Digitizelt™
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3.35 Creating datasets

l. After digitizing, rename the dataset, so it is easy to identify later when exporting the data.
To rename a dataset, click on DATASET, then RENAME, type the name into the dataset
window that pops up, and click on OK. In our example, we named the first dataset “Foreign
Tact Training
2. Set 1 Pedro” (Figure 6).
3. Repeat the above steps, digitizing and creating datasets as necessary for each dataset you
intend to digitize.
4. To switch between datasets in Digitizelt™, click on the dropdown menu on the command
ribbon (located to the right of the SET Y MAX button (i.e., the upward arrow and a “y”).
At this point, any unwanted datasets should be deleted. For our example, switch to the

empty dataset named Dataset, then click on DATASET, then DELETE.

3.4 Exporting data

The final set of steps below describes how to export digitized data out of the program. The
registered version of Digitizelf™ supports export to text via the clipboard or .csv (comma-
Figure 6

Naming a dataset using the RENAME tool in Digitizelt™
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separated values) file, which can be used with most spreadsheet programs, including Microsoft

Excel™ or Google Sheets™. The following steps demonstrate to the reader how to export the

data to a .csv file. Note that the unregistered version of Digitizelf™ does not support data

exportation.

Exporting to .csv

1.

By default, the digitized data are unsorted. Before exporting, arrange the data, smallest to
largest, based on the data points’ x-axis values. To do this, select DATASET, then
SORT, and ASCENDING.

Then select FILE, then EXPORT ALL AS CSV. In the SAVE AS window that opens,
enter a file name, choose a location to save the file, and click on SAVE.

Next, open Google Sheets™ and click on + to create a new blank spreadsheet. Then,
open the .csv file you created in Digitizelt™ by clicking on FILE, selecting OPEN, and
UPLOAD. In the UPLOAD window, click on SELECT A FILE FROM YOUR
DEVICE, and locate the .csv file.

After opening the file, you will see that the data appear in scientific notation format. For
ease of use, change the format in Google Sheets™ from scientific notation to rounded
whole numbers (Figure 7). First, click and drag the mouse button to select all the
numerical data. Then, click on FORMAT, then NUMBER, and select NUMBER once
again. With the numerical data still highlighted, click twice on the DECREASE
DECIMAL PLACES button located on the command ribbon to round the data to whole

numbers.
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Sample showing extracted data points (x and y values) formatted as rounded whole numbers in

Google Sheets™
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This paper demonstrated how to extract graphical data from published SCED articles using

the Digitizelf™ software program (Version 2.5.3; Bormann, 2020). We acknowledge that

several other data extraction programs are available to the reader to perform these tasks;

however, we believe Digitizelt™ to be the most efficient due to its automatic digitizing tools.

After extracting the data, the reader may conduct statistical analyses or graph and reanalyze it

using their preferred graphing software. Readers are encouraged to apply the above procedures to

examine their own practice or research questions through reanalysis or metanalysis of empirical

data from the research literature.
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Chapter 4: A Systematic Review of Emergent Learning Outcomes Produced by Foreign-
Language Tact Training
Peer reviewed paper: Wooderson, J. R., Bizo, L. A., & Young, K. (2022). A systematic review of
emergent learning outcomes produced by foreign language tact training. The Analysis of Verbal
Behavior, 38, 157-178. https://doi.org/10.1007/s40616-022-00170-z*
4.1 Abstract
This systematic review evaluated the effects of foreign tact training on emergent learning
outcomes in 10 published studies. We also conducted a meta-analysis of aggregate data from
seven studies comparing outcomes of foreign tact training with other verbal operant procedures.
The preliminary findings indicated foreign tact training produced criterion-level responses in 84
of 106 (79.2%) post-test probes across 37 learners and 55 evaluations of foreign tact training.
The meta-analysis results revealed significantly higher within-subjects mean levels of emergent
responding following foreign tact training than foreign-to-native intraverbal, native-to-foreign
intraverbal, and foreign listener training. Emergent outcomes for adults were not significantly
greater than for children. Finally, foreign tact training was slightly more efficient than the other
verbal operant procedures, although most of the differences were not statistically significant.
Keywords: emergent learning, foreign language learning, second language learning, tact
training
4.2 Introduction
Learning a foreign language is thought to provide a range of cognitive (Antoniou et al.,
2013; Cheng et al., 2019), emotional (Klimova et al., 2021) and financial (New American

Economy, 2017) benefits. Learning a foreign language may be costly and time-consuming, with

4 The paper was published in an American journal and uses American English spelling throughout.
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some languages requiring at least 2200 hours (88 weeks) of study to develop fluent performance
(U.S. Department of State, n.d.). Furthermore, some programs use considerable education
resources. South Korea, for example, spent 40% (12 billion dollars) of its public education
budget on English language programs in 2009, and private education costs were estimated to be
even higher (Piller, 2016). In the European Union, up to 95% of students in upper secondary
education study a foreign language (European Commission, 2020). Given the potential cost of
foreign language study, educators must optimize learning by making instruction efficient. In this
regard, behavior analysis has much to offer as the field’s history is replete with empirical
demonstrations of evidence-based instructional procedures (Binder & Watkins, 1990; Vargas,
2020). This review examines foreign tact training (FTT)— a promising behavior-analytic
procedure for efficient foreign language learning.

Traditional language theories view verbal operants, such as speaking and listening
behaviors, as innately interdependent (e.g., Chomsky, 1957; Kuhl, 2004). However, various
behavior-analytic accounts contend that these operants are initially independent but may become
‘joined’ through repeated incidental experiences, modeling, and direct reinforcement (Greer &
Speckman, 2009). Furthermore, the learner’s integration of these capabilities represents a
generalized verbal operant that allows for potentially unlimited patterns of emergent responding
and generalized language development. Three main theories—stimulus equivalence (e.g.,
Sidman, 1971), naming theory (e.g., Horne & Lowe, 1996), and relational frame theory (RFT,
e.g., Barnes-Holmes et al., 2018)—have been developed to understand the conditions that
occasion derived stimulus relations and emergent learning (Critchfield et al., 2018; Lafrance &
Tarbox, 2020; Rehfeldt, 2011). Sidman’s (1971) influential study on stimulus equivalence

discovered that untrained relations could emerge following the teaching of certain stimulus-
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response relations. Relational frame theory further builds upon stimulus equivalence by
conceptualizing equivalence and other stimulus relations as classes of generalized relational
operants, which are referred to within RFT as relational frames. Engaging in relational
responding is occasioned by contextual cues that function as discriminative stimuli for
previously established patterns of relational responding (Barnes-Holmes et al., 2018). According
to RFT proponents, learners develop relational frames due to a reinforcement history of
relational exemplars. In naming theory (Horne & Lowe, 1996), naming refers to the learner’s
combination of speaker and listener behaviors. These three theories have generated extensive
research and a broad range of empirically validated language development and learning
procedures.

A growing field of study has emerged in the behavior-analytic literature examining the
efficacy of behavior-analytic based procedures for foreign language learning. This literature
applies emergent learning practices and verbal operants to foreign vocabulary training (Daly &
Dounavi, 2020). The languages taught include Native American (Haegele et al., 2011), Japanese
(Petursdottir et al., 2014), French (Daly & Dounavi, 2020; Polson et al., 1997; Polson & Parsons,
2000), German (Rocha e Silva & Ferster, 1966), Spanish (Joyce & Joyce, 1993; Matter et al.,
2020; Petursdottir et al., 2008; Ramirez et al., 2009), Italian (Petursdottir & Haflidadottir, 2009),
Chinese (Wu et al., 2019), Welsh (May et al., 2019; May et al., 2016), and English (Cortez et al.,
2020, 2021; Dounavi, 2011, 2014; Rosales et al., 2011, 2012). This literature’s defining feature
is its focus on emergent learning as a critical outcome of effective foreign language instruction.

Behavior analysts value emergent learning because it represents what might be
characterized as ‘free’ knowledge or skills that do not require direct experience (e.g., Critchfield

et al., 2018; Critchfield & Twyman, 2014). However, if learning goals are limited to what may
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only be explicitly taught, then the scope and breadth of outcomes are also limited (Critchfield,
2018). Instead, the instructor expects untrained operants to emerge following a carefully selected
subset of learning content (Critchfield, 2018; Dixon & Stanley, 2020). Studies in this field have
implemented training procedures involving a range of verbal operants, including listener
behavior (e.g., Rocha e Silva & Ferster, 1966), echoics (e.g., Petursdottir et al., 2014), mands
(e.g., Wu et al., 2019), native-to-foreign intraverbals (NFI; e.g., Petursdottir & Haflidadottir,
2009), foreign-to-native intraverbals (FNI; e.g., Polson & Parsons, 2000), and tacts (e.g.,
Petursdottir et al., 2008) and tested for the emergence of untrained verbal operants.

Skinner (1957, p. 83) considered the tact the most important verbal operant because mands,
intraverbals, and listener relations often depend on the learner’s ability to reference a wide range
of environmental stimuli (Sundberg, 2015). Consequently, a strong tact repertoire is vital to
social and academic success (Bak et al., 2021; Lalonde et al., 2020). Foreign tact training
involves teaching learners to tact environmental stimuli using appropriate foreign language
referents. Following FTT, learners may acquire several untrained relations, including listener
responses, intraverbals, and mands in addition to the trained tacts. Among the various teaching
procedures, FTT may be the most productive; several studies have noted its superior efficiency
(e.g., Cortez et al., 2020; Cortez et al., 2022; Daly & Dounavi, 2020; Dounavi, 2011; Matter et
al., 2020). In emergent learning, efficiency means the amount of and ease with which learners
acquire the trained and untrained material (Dounavi, 2011).

Recently, Matter et al. (2020) showed that FTT alone was more efficient than a traditional
multi-component procedure comprising four verbal operants (tact, FNI, NFI, and listener
training). Using an adapted alternating treatment design, the authors provided Spanish-language

training to four English-speaking children. The results showed FTT required fewer sessions to
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mastery than the multi-component procedure and resulted in almost all learners acquiring
emergent receptive and productive relations despite not receiving any training in the FNI, NFI,
and listener relations. In addition, FTT produced more efficient emergent FNI and NFI responses
than listener training with Portuguese-speaking Brazilian children learning English in studies by
Cortez et al. (2020, 2021). However, the authors noted FNI and NFI relations did not always
emerge at comparable levels. Dounavi (2011, 2014) conducted two methodologically similar
studies with adult native-Spanish speakers. Both studies compared FTT with FNI training and
NFI training. In the earlier study (Dounavi, 2011), FTT achieved higher levels of emergent
responding and required fewer training trials than FNI or NFI training for both participants. In
Dounavi (2014), on the other hand, NFI relations took fewer trials to achieve mastery criterion
than the foreign tact relations; so NFI training was the most efficient condition. When Daly and
Dounavi (2020) systematically replicated and extended Dounavi (2014), they used a modified
concurrent multiple probe design to improve internal validity. Their results were comparable
with Dounavi (2014); FTT produced more emergent responses than FNI or NFI training.
However, FTT needed fewer trials to criterion. Furthermore, probes at four weeks post-training
showed better maintenance of emergent responses following FTT than the two intraverbal
conditions.

Foreign tact training is not successful for all learners, though. For example, Wu et al.
(2019) compared the effects of FTT, FNI training, NFI training, and mand training in Mandarin
Chinese vocabulary. They found FTT was the most efficient procedure for only one of the four
participants. Also, May et al. (2019) reported equivocal results—robust increases in derived
intraverbal relations after FTT for only half of the children in their study. Some researchers (e.g.,

Daly & Dounavi, 2020; Dounavi, 2014; Petursdottir & Haflidadottir, 2009) suggest young
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children are less likely to produce emergent responses because they are less verbally competent
than adults. However, we could find no studies directly comparing emergent foreign language
learning outcomes between adults and children.

In summary, emergent learning and FTT offer considerable potential for optimizing
foreign language programs. However, it is difficult to determine the generality of FTT outcomes
as the available research is limited to single-case experimental studies. Thus, it is unclear
whether FTT is more efficient than other verbal operant training procedures at the group level
analysis. This paper aimed to extract and analyze aggregate data from the literature on FTT use.
In doing this, we considered the following three questions. First, what are the effects of FTT on
emergent learning outcomes in the published literature to date? Second, how do FTT acquisition,
emergence, and overall efficiency compare with other verbal operant training procedures?
Finally, does FTT produce higher levels of emergent responding for adults or children?

4.3 Method

4.31 Literature search procedure

The search included APA PsycINFO (EBSCOhost), Medline (EBSCOhost), ERIC
(EBSCOhost), CINAHL (EBSCOhost), APA PsycArtticles (EBSCOhost), Psychology and
Behavioral Sciences Collection (EBSCOhost), SocINDEX (EBSCOhost), and Web of Science
electronic databases for English language studies published in peer-reviewed journals, with no
limit specified regarding the year of publication. In addition, we combined various keyword
terms related to emergent learning (emerg*, derive®, equivalenc*®, generative*), foreign language
learning (foreign language, second language), and verbal operant training (mand, tact,

intraverbal, echoic, textual, dictation, autoclitic, verbal behavi*, verbal operant, match-to-
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sample, conditional discrimination, multiple exemplar). Finally, the wildcard * expanded the
search to include all variants of the keywords.

The search sequence (Figure 1) initially identified 161 articles—121 after removing
duplicates. The first author then reviewed the abstracts of all 121 unique articles and removed all
non-English articles, non-empirical papers (review, policy, position, commentary, or conceptual
articles), and studies focused on language use (linguistic, diagnostic, textual, historical, cultural,
psychometric, phonological, content, orthographic, or discourse analyses). We screened the
remaining 31 full-text articles for three inclusion criteria: The experimenters focused on
observable and measurable foreign language targets; the experiment included at least one
standalone FTT procedure; the procedures involved at least one pre- and post-test for untrained
emergent relations. We excluded studies with native-, contrived-, artificial-, nonsense-, or non-
language learning targets and studies that combined FTT with other verbal operant procedures.
We allowed, however, studies with native-tact pre-training trials—checks to see whether learners

could tact the stimuli in their native language.
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Figure 1

PRISMA chart showing systematic literature search sequence (Page et al., 2021)

[ Identification of studies via databases W { Identification of studies via other methods J
Records identified through Duplicate records removed Records identified through Duplicate records removed
database searching > (n =40) reference searching (n =210) > (n=222)
(n=161) and citation searching (n = 257)
A
Records screened through Records excluded Records screened through Records excluded
abstracts > (n=89) abstracts > (n = 206)
(n=121) (n = 245)
A
Full-text articles assessed Full-text articles excluded Full-text articles assessed Full-text articles excluded
for eligibility in review of FTT (n=23) for eligibility (n=38
(n=32) (n=39)

l

Studies included in systematic
review
(n=10)

l

Full-text articles assessed Full-text articles excluded
for eligibility in meta-analysis (n=3)
(n=10)

l

Studies included in meta-
analysis
(n=7)

[ Included ][ Eligibility ][ Included ][ Eligibility ][ Screening ][ Identification ]

After initial full-text eligibility screening, we identified nine articles that met the criteria
(Cortez et al., 2020; Cortez et al., 2022; Daly & Dounavi, 2020; Dounavi, 2014; Matter et al.,
2020; May et al., 2019; Petursdottir & Haflidadottir, 2009; Petursdottir et al., 2008; Wu et al.,
2019). We then conducted reference and citation searches using Google Scholar and Web of
Science. These searches returned a further 245 potential papers, which we also assessed for
eligibility—yielding one additional article (Dounavi, 2011). In total, 10 articles were included
that contained 55 distinct evaluations of FTT. We excluded Matter et al.’s (2020) ‘mixed’
training evaluation from our sample because these trials combined FTT, NFI, FNI, and listener
training. Furthermore, ‘mixed’ training post-tests in Matter et al. (2020) evaluated directly

trained relations only.
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We also evaluated a subset (seven) of the 10 FTT studies through meta-analysis (Cortez et
al., 2020; Cortez et al., 2022; Daly & Dounavi, 2020; Dounavi, 2011, 2014; Petursdottir &
Haflidadoéttir, 2009; Wu et al., 2019). We only included studies in the meta-analysis if they
contained at least one within-subject evaluation comparing the emergent learning outcomes
produced by FTT with at least one other verbal operant training condition. Consequently, we
excluded Petursdottir et al. (2008) from the meta-analysis because it did not contain any within-
subject evaluations of training conditions. In addition, we excluded Matter et al. (2020) and May
et al. (2019) because neither study compared the emergent learning outcomes following FTT
with those produced by other verbal operant training procedures. As noted above, Matter et al.
(2020) taught all target relations in the ‘mixed’ training condition directly, meaning they could

only test for emergent relations following FTT; May et al. (2019) implemented FTT only.

4.32 Data categorization

The 10 articles were categorized according to participant demographic data (age, gender,
native language, setting), target foreign language, types of training conditions employed, and
mastery criteria for instructional and emergent learning outcomes. Each of the 55 FTT
evaluations was coded according to whether it produced criterion-level responses in post-training
probes. All experiments probed two or more distinct types of emergent relations; we evaluated
each relation separately, where appropriate. The post-test results for each emergent relation were
categorized as either achieving or not achieving criterion levels. If studies stated no specific
mastery criteria, we set a criterion of 100%. Some evaluations included more than one post-test
probe per emergent relation—we only included the highest post-test score recorded for each

relation.
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We evaluated the quality of each study using criteria as recommended by Schlosser and
Sigafoos (2007): experimental design; follow-up data collected after three months, at minimum,
for at least 90% of the participants; appropriate and independently assessed reliability measures;
and counterbalancing or random allocation of stimuli to training conditions. We also evaluated
the studies against the Council for Exceptional Children (CEC, 2014) quality standards for
evidence-based practices. The CEC standards include 22 indicators for assessing the quality of
single-case experimental studies, which can be used to determine whether an instructional

procedure qualifies as an evidence-based practice.

4.33 Data extraction for meta-analysis

The meta-analysis evaluated training acquisition rates, emergent post-test scores, and the
overall efficiency of each verbal operant training procedure. The first author extracted data from
the seven papers’ graphs and tables using Digitizelt (Bormann, 2020). Concurrently, we emailed
the corresponding author of each study once and requested the training and post-test data to
conduct our analyses. We received written responses from six authors—one of whom stated they
had not retained the data, and another noted the data were not immediately available. We did not
receive a response from one author. Our requests resulted in raw data for four papers (Cortez et
al., 2020; Daly & Dounavi, 2020; Dounavi, 2011, 2014). We did not send any follow-up
requests; rather, we utilized the software-extracted data only for the remaining three papers.

Following data extraction, we regraphed the acquisition curves from each study on
standardized panels and compared acquisition rates using descriptive visual analysis methods.
Then, we calculated standardized acquisition rates (SAR), which represent the average number
of training trials needed per word learned. To calculate SARs, we multiplied the number of trial

blocks by the number of trials per block and divided by the number of items trained and the
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terminal percent correct; SAR = (number of trial blocks *number of trials per block) / (number of
items per training set) / (terminal% correct) *100). The smaller the resulting value, the better the
SAR. By including ‘terminal% correct’ in the calculation, we could weight scores and compare
training evaluations with different mastery criteria. Furthermore, we could compare training
evaluations that researchers discontinued before the learner reached the mastery criterion.

We then compared FTT emergent post-test results with FNI, NFI, listener, and mand
training post-tests. We did this by converting all post-test scores to percentages and calculating
mean scores for each training evaluation within and across each study. Then, we conducted
within-subjects statistical analyses using mean post-test scores for each learner and each training
condition in which they participated. The analyses comprised Wilcoxon signed-rank non-
parametric dependent-samples tests conducted in Jamovi (The jamovi project, 2020). We
included all post-tests for emergent tact, FNI, NFI, and mand relations but excluded all tests for
emergent listener relations (six scores) from the analysis due to the potential confounds of
comparing unbounded scores with scores bounded by chance (Petursdottir & Haflidadottir,
2009). Three studies implemented reverse intraverbal training with participants following initial
post-test probes (Daly & Dounavi, 2020; Dounavi, 2011, 2014). Consequently, we only included
post-test data from the initial training sequence to control confounds associated with potential
sequencing effects. We also used a Mann-Whitney U non-parametric independent-samples test to
compare children’s mean FTT post-test scores (under 18 years) and adults (18 years and older).
Lastly, we evaluated the overall efficiency of each verbal operant procedure by calculating an
efficiency index score (EIS) using the SAR and mean post-test scores described above; EIS =
mean post-test / SAR. The larger the resulting value, the better the EIS. We then analyzed the

EIS data using Wilcoxon signed-rank non-parametric dependent-samples tests.
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4.34 Interobserver agreement

The first author and an independent rater (BCBA-D®) read the full text of 31 articles and
evaluated their eligibility based on the inclusion and exclusion criteria. The mean agreement was
100%. The first author also compared the data from four articles (Cortez et al., 2020; Daly &
Dounavi, 2020; Dounavi, 2011, 2014), extracted using Digitizelt, to the raw data provided by the
authors. In total, we evaluated 88 (57.1%) post-test scores and 688 (80.0%) training trial scores.
The mean agreement was 100%.

4.4 Results

4.41 Participant demographics

Table 1 summarizes the demographic data, types of emergent relations tested, and
mastery criteria (if any) stated by the authors. Across the 10 studies, 26 participants were
children, and 11 were adults. Eight studies reported data on individual participant age; the mean
participant age across 27 children and adults was 15.8 years (range: 4 — 40 years). The mean age
of children (n = 16) was 5.0 years (range: 4 — 6 years), and adults (n = 11) was 31.5 years (range:
23 — 40 years). The remaining two studies reported the range of participants’ ages only (n = 10;
range: 7-9 years). Just five studies directly reported participant gender, including six females and
nine males. Participants’ native language was reported as English (n = 17), Portuguese (n = 10),
Spanish (n = 4), or Icelandic (n = 6). The studies occurred in various settings, with the highest

number (n = 4) conducted in learners’ homes.
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4.42 Target foreign languages, training conditions, mastery criteria, and emergent learning

relations

The 10 studies targeted six foreign languages— four trained English vocabulary to non-
English speaking learners (Cortez et al., 2020; Cortez et al., 2022; Dounavi, 2011, 2014). Other
than the one study that focused on Mandarin Chinese words (Wu et al., 2019), all target foreign
languages were European: English (n = 4), Spanish (n = 2), French (n = 1), Italian (n= 1), and
Welsh (n=1).

In addition to FTT, studies included a range of verbal operant training procedures: FNI,
NFI, listener behavior, and mands training. Instructional mastery criteria ranged from 83.3%
correct responses across two consecutive sessions (Matter et al., 2020; Petursdottir &
Haflidadottir, 2009; Wu et al., 2019) to 100% correct responses across three consecutive sessions
(Cortez et al., 2020; Cortez et al., 2022; Petursdottir et al., 2008). Additionally, FTT studies
tested a range of untrained relations: FNI, NFI, listener, and mands. Notably, all 10 studies tested
for emergent intraverbal (FNI and NFI) relations post FTT. Although only five studies stated
specific mastery criteria for emergent relations, the reported standards varied from 83.3%
(Matter et al., 2020; Petursdottir & Haflidadottir, 2009) to 100% correct (Daly & Dounavi, 2020;
Dounavi, 2011, 2014). Five studies did not specify any mastery criteria for emergent relations; in
which case, we set a conservative criterion of 100% correct (Cortez et al., 2020; Cortez et al.,

2022; May et al., 2019; Petursdottir et al., 2008; Wu et al., 2019)

4.43 FTT’s emergent learning outcomes

Table 1 also shows FTT’s emergent learning outcomes in each of the 10 studies (55 FTT

evaluations). In total, 84 (79.2%) post-test probes scored at or above criterion level responding,
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and 22 (20.8%) scored below. Overall, FNI relations (84.2%) emerged at mastery criterion levels
slightly more often than NFI (81.6%). Furthermore, FTT produced criterion-level emergent
listener relations for all six learners in the two studies with listener probes (Matter et al., 2020;
Petursdottir & Haflidadottir, 2009). However, chance-level responding for listener probes was
33% (Petursdottir & Haflidadottir, 2009). In contrast, FTT produced criterion-level mand
relations in only 50% of probes, although only one study included tests for emergent foreign
mands (Wu et al., 2019).

Table 2 shows that the studies achieved most of the quality standards recommended by
Schlosser and Sigafoos (2007), except for follow-up data and experimental design. For example,
although Matter et al. (2020) included long-term follow-up data beyond three months post-
training, they only conducted sessions with two of the four participants. Additionally, most
studies employed robust experimental designs to evaluate the effects of training procedures on
the trained relations, but only five studies used control conditions or multiple-baseline designs
when evaluating emergent relations (Matter et al., 2020; May et al., 2019; Petursdottir and
Haflidadottir, 2009; Petursdottir et al., 2008; Wu et al., 2019). Three of the 10 studies met all 22
CEC quality indicators (Matter et al., 2020; May et al., 2019; Wu et al., 2019). Most studies that
did not meet all 22 quality indicators failed to include an evaluation of treatment integrity
(Cortez et al., 2020; Daly and Dounavi, 2020; Dounavi, 2011; Dounavi, 2014; Petursdottir and
Haflidadottir; 2009; Petursdottir et al., 2008). Other reasons studies fell short of the CEC
standards included not having at least three data points in post-test phases or robust controls for
threats to internal validity (e.g., control conditions or multiple-baseline designs). Based on these
results and the CEC (2014) standards, the review’s findings indicate FTT is a potentially

evidence-based practice.
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4.44 Meta-analysis

Visual analysis (available in the supplemental materials at the end of this chapter) did not
reveal consistent differences in acquisition curves. In other words, some participants acquired
foreign tacts faster than other relations, but not all. Table 3 shows the mean acquisition rates
(SARs) for the studies in the meta-analysis. Foreign tact training produced the lowest SAR
within just one of the seven studies (Dounavi, 2011)—most participants in this study acquired
trained foreign tacts faster than FNI responses. On the other hand, FTT produced the highest
SAR in two studies (Cortez et al., 2020; Dounavi, 2014), which meant that participants generally
acquired foreign tacts slower than the listener, FNI, or NFI relations. The SAR for FTT was
neither the lowest nor the highest in four studies (Cortez et al., 2022; Daly & Dounavi, 2020;
Petursdottir & Haflidadottir, 2009; Wu et al., 2019). For example, all three Daly and Dounavi
(2020) participants acquired the trained foreign tact relations in fewer trials than FNI relations.
Still, only one participant acquired foreign tact relations in fewer trials than NFI relations. Wu et
al.’s (2019) mand and FNI training conditions produced lower SARs than FTT; however, the
SAR for FTT was superior to that of NFI training. Overall, mand training (18.8) produced the
lowest average SAR, followed by FNI training (20.2), FTT (22.1), NFI training (22.6), and

listener training (23.8).
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Foreign tact training achieved the highest mean post-test scores in all seven studies (Table

3). The within-subjects tests (Table 4) revealed participants’ mean FTT post-test scores were

significantly higher than NFI, FNI, and listener training. FTT produced slightly higher mean

scores than mand training, but the difference was not statistically significant. However, Wu et al.

(2019) conducted mand training with the item to be requested in view of the participant, meaning

it was a combination of foreign mand and tact relations under convergent multiple control

(Michael et al., 2011). The Mann-Whitney U independent samples t-test indicated no significant

differences in mean FTT post-test scores for children (Mdnr = 100) and adult participants (Mdn =

100), U =417, p = .203.

Table 4

Within-Subjects Comparisons Between Post-Test Scores for Foreign Tact Training (FTT) and All

Other Conditions

Effect size

Training condition Mean Wilcoxon W
n p-value (Rank biserial

comparisons difference statistic

correlation)
FTT > NFI 13 8.9% 81 *0.007 0.780
FTT > Listener 12 29.5% 75 *0.003 0.923
FTT > FNI 13 35.2% 78 *0.001 1.00
FTT > Mand 4 3.71% 4 0.395 0.333

Note. NFI = native-to-foreign intraverbal, FNI = foreign-to-native intraverbal.

* Denotes a statistically significant result
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Foreign tact training produced the highest average EIS (5.1), followed by NFI training
(4.9), mand training (4.7), listener training (3.3), and FNI training (3.1). Statistical analysis
revealed no significant differences between FTT and the other training conditions—except FNI
training (W =77, p =.002).

4.5 Discussion

This review adds to the growing literature on emergent foreign language learning. We
found FTT produced high levels of emergent verbal relations for most participants. An
explanation for the emergence of untaught NFI relations is that they share common stimulus and
response topographies (covert native word and overt foreign word) with trained foreign tact
relations (Petursdottir et al., 2008). According to naming theory, FTT stimuli are likely to evoke
covert native responses and overt foreign vocal responses in verbally competent learners. It is
difficult to determine if this occurred, as covert vocalizations are private events. Also, no authors
reported learners’ overt native tacts during FTT.

An alternative explanation (Figure 2) is FTT learners derived equivalence relations
between the native word, the object/picture, and the foreign word (Daly & Dounavi, 2020; May
et al., 2013). Stimulus equivalence theory states that when stimulus A (native word) is related to
B (object/picture), and B (object/picture) to C (foreign word), several relations may emerge
without further training (Sidman, 2018). In all but one study (Cortez et al., 2020), experimenters
ensured that participants could tact each target in their language either before (Cortez et al.,
2022, Daly & Dounavi, 2020; Dounavi, 2011, 2014; Matter et al., 2020; Petursdottir &
Haflidadoéttir, 2009; Petursdottir et al., 2008; Wu et al., 2019) or during training (May et al.,
2016). Therefore, participants could relate stimulus B (object/picture) to A (native word) and B

(object/picture) to C (foreign word) following FTT. Experimenters then tested participants’
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emergent responses, demonstrating a range of equivalence relations: NFI probes tested for the
emergence of untrained A—C equivalence relations; FNI probes tested C—A, and listener probes
C-B. Then, the contextual cues that likely occasioned participants’ derived equivalence
responses were the experimenters’ vocal stimuli— “What is the Spanish word for cat?”, “How
do you say Gato in English?”, “Point to Gato”, “What do you call this in Spanish?” Pure mands,
on the other hand, are evoked by motivating operations, not discriminative stimuli (Skinner,
1957)—the mands in Wu et al. (2019) were multiply controlled and probably tested B
(object/picture) to C (foreign word) relations. However, the authors did not provide contextual
cues consistently between FTT trials and mand post-tests, which may have caused the low levels
of foreign manding following FTT. It is also possible that the tacts Wu et al. (2019) taught
during FTT failed to emerge as mands because the tact training stimuli did not function as

reinforcers (Wallace et al., 2006).
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Figure 2

Existing, trained, and emergent relations following foreign tact training
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The meta-analysis compared emergent learning outcomes from FTT with outcomes from
other verbal operant training procedures; FTT occasioned a significantly higher mean number of
untrained verbal responses than intraverbal (FNI or NFI) or listener training and was more
efficient than FNI training. Foreign tact training also produced a higher efficiency score (EIS)
than NFI, mand, and listener training, but the differences were not statistically significant.
Although results are preliminary due to the small number of studies, the aggregated data support
the findings of several single-subject studies (e.g., Cortez et al., 2020, 2021; Daly & Dounavi,
2020; Dounavi, 2011). Furthermore, the findings suggest that teaching foreign language speaker

skills is more efficient than teaching receptive skills, consistent with research on emergence in
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language programming. For example, Contreras et al. (2020) found tact or intraverbal training
produced more emergent responses than listener training. In the present review, tact training was
the most efficient condition; listener training and FNI were the least efficient conditions. Cortez
et al. (2020) suggested that FTT is often effective at producing emergent foreign language
responding because it provides opportunities to practice and reinforce the spoken foreign word.
We found no statistically significant difference in emergent responses between adults and
children. Several researchers have previously posited a difference (e.g., Cortez et al., 2020; Daly
& Dounavi, 2020; Dounavi, 2014; Petursdottir & Haflidadoéttir, 2009); however, our examination
of aggregate data did not confirm this position. If differences exist, individual learning histories
likely impact learners’ ability to derive emergent relations, as derived relations are learned
behavior resulting from a history of multiple-exemplar instruction (Barnes-Holmes et al., 2018;
Rehfeldt, 2011). Multiple-exemplar instruction may improve emergent learning outcomes by
developing and reinforcing a repertoire of derived relations in less verbally competent learners
for whom derived relations do not consistently or readily emerge (Lafrance & Tarbox, 2020). It
is also likely that training arrangements, including mastery criteria, affected emergent outcomes.
Instructional mastery criteria varied across studies, and several experimenters (Cortez et
al., 2020; Matter et al., 2020; May et al., 2019; Petursdottir & Haflidadottir, 2009) discontinued
training phases before participants attained criterion-level responding, which may have affected
emergent outcomes. Although not directly examined by the studies in this review, researchers
have found that variability in training criteria can impact the emergence and maintenance of
derived relations. For example, Fienup and Brodsky (2017) compared the levels of emergent
learning resulting from two different training mastery criteria. Their results showed that more

stringent training criteria produced higher levels of emergent responding. Similarly, the two
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studies in our meta-analysis with the lowest instructional mastery criteria (Petursdottir &
Haflidadoéttir, 2009; Wu et al., 2019) produced the lowest average FTT post-test scores. These
findings suggest that the production and retention of emergent relations depend on the strength of
directly trained relations. In other words, it is the strength of participants’ trained skills that
determines the strength and longevity of untrained skills (Critchfield & Twyman, 2014).

Lastly, the reviewed studies failed to examine response maintenance consistently.
Maintenance of trained and untrained emergent responses are vital components of any emergent
learning program (Wu et al., 2019), yet less than half of the studies reported any follow-up data
(Cortez et al., 2022; Daly & Dounavi, 2020; Matter et al., 2020; May et al., 2019). Evaluating
emergent outcomes requires a rigorous empirical assessment of learning maintenance over the
long term.

This review has some limitations that the reader should consider. First, we excluded
several studies that did not include standalone FTT conditions but did evaluate emergent foreign
language learning outcomes (e.g., Cao & Greer, 2018; Haegele et al., 2011; May et al., 2016;
Petursdottir et al., 2014; Polson & Parsons, 2000; Rosales et al., 2011, 2012) because we aimed
to evaluate FTT’s outcomes, which required studies with at least one standalone FTT procedure
to avoid the risk that combined procedures might produce confounding effects. Also, we chose
not to search grey literature, which limited the number of included studies to peer-reviewed ones
only. We consider our results preliminary data due to the small number of eligible studies.
Second, we evaluated overall training efficiency based on the number of training trials
conducted, not the duration of training, because no studies reported the total time required for
each condition, and only two studies reported approximate session length (Cortez et al., 2022;

Wu et al., 2019). A final limitation, common to any literature review, concerns the
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acknowledged bias within publications towards studies that produce positive findings (May et
al., 2016; Torgerson, 2006). There is less potential for publication bias to negatively impact the
results of the current meta-analysis, though, as we only included studies that directly compared at
least two verbal operant training conditions. As such, studies showing negative FTT results
would be just as likely to be published as studies showing positive results.

4.6 Conclusion and recommendations for future research

This review examined the effects of tact training on emergent foreign language learning
outcomes. The key observation from these preliminary data was that FTT produced higher levels
of emergent foreign language learning than other verbal operant procedures. This review raises
several questions that warrant further research. First, why is FTT readily acquired for some
learners but not all? Future research should consider what procedural variations might improve
acquisition (e.g., number of stimuli; Kodak et al., 2019).

Second, why does FTT fail to produce emergence for some learners? It is possible that
learners fail to emit emergent responses based on an insufficient reinforcement history of
relational exemplars. Future FTT studies could include pre-assessment of learners’ relational
responses and, if necessary, provide multiple-exemplar instruction before the commencement of
the study. Pre-assessment of learners’ relational skills and selection of participants with similar
pre-assessment results better controls for confounds associated with learner histories.

Third, how do FTT instructional mastery criteria affect emergence? Researchers should
examine the preliminary finding that less stringent instructional mastery criteria negatively
impacted emergent outcomes by using a within-subjects experimental design (e.g., an adapted
alternating treatments design with different criteria assigned to each condition and

counterbalanced across participants).
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Fourth, what are the long-term learning outcomes associated with FTT? Further, what
variables impact maintenance, and how might FTT be combined with other instructional
procedures to improve outcomes (e.g., precision teaching; Critchfield & Twyman, 2014)?
Researchers should look beyond the accuracy-based mastery criteria commonly employed in
these studies to other mastery measures such as those employed within precision teaching’s
fluency-based free-operant response and measurement systems (Johnson & Layng, 1996;
Bucklin et al., 2000).

Finally, we recommend future FTT research target a broader range of languages and
instructional settings. Although the literature within the field is small, it highlights the
considerable potential benefits that behavior analysis offers for optimizing foreign language

learning programs.
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4.7 Supplementary material

The following figures are supplementary material for the paper by Wooderson, J.R., Bizo,
L. A., & Young, K. A systematic review of emergent learning outcomes produced by foreign
language tact training. The Analysis of Verbal Behavior.
Figure 1

Acquisition Curves (Part A) Adapted from Cortez et al. (2020)
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Note. This figure illustrates the differences in acquisition rates across tact and listener training
conditions for Tina, Mary, and Steve in Cortez et al. (2020). The authors conducted training
sessions in 6-trial blocks—one trial per target word. The mastery criterion was 100% correct
responses in three consecutive trial blocks.
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Figure 2

Acquisition Curves (Part B) Adapted from Cortez et al. (2020)
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figure illustrates the differences in acquisition rates across tact and listener training conditions
for Ian, Amy, and Adam in Cortez et al. (2020). The authors conducted training sessions in 6-
trial blocks—one trial per target word. The mastery criterion was 100% correct responses in

three consecutive trial blocks.
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Figure 3

Acquisition Curves Adapted from Cortez et al. (2021)
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Note. This figure illustrates the differences in acquisition rates across tact and listener training
conditions for Participants 1-4 in Cortez et al. (2021). The authors conducted training sessions in
6-trial blocks—one trial per target word. The mastery criterion was 100% correct responses in

three consecutive trial blocks.
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Figure 4

Acquisition Curves Adapted from Dounavi (2011)
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Note. This figure illustrates the differences in acquisition rates across tact, foreign-native
intraverbal (FNI), and native-foreign intraverbal (NFI) training conditions for Jonas and Enrique
in Dounavi (2011). The author conducted training sessions in 30-trial blocks—one trial per target

word. The mastery criterion was 100% correct responses in two consecutive trial blocks.
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Figure 5

Acquisition Curves Adapted from Dounavi (2014)
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Note. This figure illustrates the differences in acquisition rates across tact, foreign-native
intraverbal (FNI), and native-foreign intraverbal (NFI) training conditions for Pedro and Carlota
in Dounavi (2014). The author conducted training sessions in 30-trial blocks—one trial per target

word. The mastery criterion was 100% correct responses in two consecutive trial blocks.
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Acquisition Curves Adapted from Daly & Dounavi (2020)
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Note. This figure illustrates the differences in acquisition rates across tact, foreign-native

intraverbal (FNI), and native-foreign intraverbal (NFI) training conditions for Niall, Brandy, and

Catriona in Daly & Dounavi (2020). The authors conducted training sessions in 10-trial blocks—

one trial per target word. The mastery criterion was 100% correct responses in two consecutive

trial blocks.
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Acquisition Curves Adapted from Wu et al. (2019)
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Note. This figure illustrates the differences in acquisition rates across tact, foreign-native

intraverbal (FNI), native-foreign intraverbal (NFI), and mand training conditions for Jesus,

Eobard, Kip, and Lily in Wu et al. (2019). The authors conducted training sessions in 9-trial

blocks—three trials per target word. We weighted session counts by multiplying the number of

sessions by three so that the data could be compared with the other studies in which each session

comprised one trial per target word. The mastery criterion was 83.3% correct responses for two

consecutive trial blocks.
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Figure 8

Acquisition Curves Adapted from Petursdottir & Haflidadottir, (2009)

100% - 7

80% -
60%
40% 4

20% o
Dianna

0%

Percent Correct

100% A

-0~ Tact

== FNI

- NFI

<~ Listener

80% A

60% -

a0% { [

20% A

Kamilla

0%

5 10 15 20 25 30 35 40 45 50
Weighted Sessions

Note. This figure illustrates the differences in acquisition rates across tact, foreign-native
intraverbal (FNI), native-foreign intraverbal (NFI), and listener training conditions for Dianna
and Kamilla in Petursdottir & Haflidadottir (2009). The authors conducted training sessions in
48-trial blocks—four trials per target word. We weighted session counts by multiplying the
number of sessions by four so that the data could be compared with the other studies in which
each session comprised one trial per target word. The mastery criterion was 83.3% correct

responses for two consecutive trial blocks.
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Figure 9

Combined Acquisition Curves for Each Study

100%
80%
e -0~ Tact
~=  FNI
40% - NFI
20% Dounavi (2011)
0% - T - - T \
100%
80%
60% -0- Tact
-+ FNI
0% - NFI
20%
Dounavi (2014)
8 0%
L
S
o
e
g
& 100%
80%
60% -0~ Tact
-~ FNI
40% -/~ NFI
20% IDaly and Dounavi (2020)|
0% . . . . . .
25 30 35 40 45 50
Sessions
100% -
80%
-0~ Tact
60% -~ FNI
) < NFI
40% > Mand
20% 4
Wu, Lechago, and Rettig (2019)|
0% v T : . " . . . . .
3 10 15 20 25 30 35 40 45 50
Weighted Sessions

80



100% -

80% -

60% -

40% A

20% A

0% +

100% A

80% -

Percent Correct

0% OO0

100% -

80% -

60% -

40% -

20% A

0%

60% -

40% A

20% A

Retention of emergent foreign vocabulary

'v‘vzm;*“ BT TR A
ix‘}&’a " V )\. 2K < C
W& ’(l 00&'7

-0~ Tact
<~ Listener

Cortez et al. (2020)

-0~ Tact
=~ Listener

Cortez et al. (2021)

5 10 15 20 25 30 35 40 45 50
Sessions

Tact

FNI

NFI
Listener

ST

Petursdottir and Haflidadéttir(2009)|

5 10 15 20 25 30 35 40 45 50
Weighted Sessions

Note. This figure illustrates the differences in acquisition rates across tact, foreign-native

intraverbal (FNI), native-foreign intraverbal (NFI), mand, and listener training conditions for all

participants in each of the seven studies in the meta-analysis (Cortez et al., 2020; Cortez et al.,

2022; Daly & Dounavi, 2020; Dounavi, 2011, 2014; Petursdottir & Haflidadottir, 2009; Wu et

al., 2019).
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Chapter 5: Overlearning, precision teaching and fluency building
5.1 Introduction

This chapter builds on the findings from the systematic review and meta-analysis reported
in the previous chapter by exploring additional instructional strategies that may further enhance
the retention of emergent FL vocabulary. Specifically, it presents an overview of two key
learning approaches—overlearning and precision teaching—that were implemented in the first
experiment (Study 3, Chapter 6) to improve retention of emergent FL vocabulary.

The systematic review and meta-analysis (Study 2, Chapter 4) highlighted the effectiveness
of FTT as a procedure for acquiring emergent FL vocabulary. However, the review also
identified a gap in the literature concerning the long-term retention of these learning outcomes.
To address this gap, this chapter examines how overlearning and precision teaching, particularly
fluency-building procedures, might be integrated into FTT to enhance retention. These
approaches are explored in the context of their potential to produce more durable learning
outcomes, which is critical for FL learners, especially those not immersed in a natural linguistic
environment.

The insights gained from this exploration set the stage for the experimental work detailed
in the following chapter, where these concepts are applied and tested in the context of FL
vocabulary acquisition.

5.2 Summary of systematic review findings

In Chapter 4, the systematic review and meta-analysis (Wooderson et al., 2022) examined

the effectiveness of FTT, a prominent emergent learning procedure. As stated in the review and

in Chapter 1.1.7, FTT has been shown to be an effective procedure for acquiring emergent FL
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vocabulary. In contrast to more traditional acquisition procedures, FTT teaches one set of

responses from which the learner can derive other responses not yet taught (Matter et al., 2020).
This section first summarizes the results of the systematic review and then examines

related research on overlearning, precision teaching, and fluency building to explore how these

concepts might enhance the effectiveness and retention of emergent learning procedures.

5.2.1 Emergent relations

Foreign tact training produced high levels of emergent learning in all 10 studies included in
the review. Following training, 84 (79.2%) emergent learning probes met or exceeded the
criterion level. This finding supports Matter et al.'s (2020) contention that FTT may result in
more efficient learning than teaching all foreign-language relations at the same time. FTT is used
to train tact relations only, while other verbal operants emerge in the learner's repertoire without
any direct training. Criterion-level emergent responding emerged for learners during 50 - 100%
of post-test probes: listener behaviours (100%, n = 9); foreign-to-native intraverbals (FNI,

84.2%, n = 37); native-to-foreign intraverbals (NFI, 81.6%, n = 36); and mands (50%, n = 2).

5.2.2 Target language

Only Wu et al. (2019) targeted a non-European FL, Mandarin Chinese, which the U.S.
Department of State’s (n.d.) Foreign Service Institute lists as a Category IV language. They
describe Category IV languages as exceptionally difficult for native English learners. The four
other languages they include in their list of Category IV languages are: Arabic, Chinese —

Cantonese, Japanese, and Korean.
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5.2.3 Mastery criteria

The studies with the lowest training mastery criteria reported the lowest mean post-test
scores (Petursdottir & Haflidadottir, 2009; Wu et al., 2019). This suggests that the use of more
stringent instructional criteria may have strengthened the retention of emergent responses
(Critchfield & Twyman, 2014). In other words, the extent of participants' mastery of the trained

skill influenced the strength and durability of untrained emergent skills.

5.2.4 Emergent relations and retention

While the research to date is promising, the data is limited, particularly with respect to
retention. Post-training performance with emergent relations should be investigated further
because retention is critical to FL learning (Wu et al., 2019). Only four of the ten studies reported
follow-up data (Cortez et al., 2022; Daly & Dounavi, 2020; Matter et al., 2020; May et al., 2019)
and none systematically examined retention.

In May et al. (2019), follow-up probes produced relatively stable results, albeit over a short
retention interval—two weeks after training. Daly and Dounavi (2020) discovered that overall
response maintenance was low, and only one of the three participants demonstrated criterion-
level emergent responding. The emergent relations were better maintained than the trained
relations, but this could have been due to sequencing effects because FTT probes were
administered before emergent intraverbal probes. Cortez et al. reported mixed results after
examining maintenance of emergent English vocabulary with two of the four children in their
study: one 14 days, and the other 30 days after training. Matter et al. (2020) also found mixed

results with more delayed follow-up testing two and four months after training, during which
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time at least one participant had opportunities to practice with Spanish language users in their
own home.

All four studies included only one or two follow-up probes to assess maintenance. It is
possible that participants may have performed better (or worse) on subsequent probes. Without at
least three probe data points, it is not possible to assess the trend and stability of participants’
performance.

In summary, the research on FL vocabulary acquisition and FTT is nascent but promising.
The results of these studies demonstrate the effectiveness of emergent learning procedures in
producing short-term mastery and maintenance in directly taught and emergent relations. A
thorough examination of long-term retention with emergent relations is missing, though. This
means that the actual benefits for FL vocabulary learners not immersed in the natural linguistic
environment are unclear. As noted above, the degree to which participants learn the directly
trained foreign tact relations likely impacts the emergent relations. Stated more directly, the
strength of participants’ tacting behaviour (i.e., response strength) influences retention with the
untaught emergent relations. Response strength and retention are topics that have been explored
in the literature on overlearning. The following section of this chapter investigates this literature
and the potential impact of overlearning on retention in FTT.

5.3 Overlearning

5.3.1 Definition

Overlearning is defined as the continued practice of a skill beyond the point at which the
learner first meets the mastery criterion (Binder, 1996). Overtraining is another term that is often
used synonymously with overlearning, and it too implies additional practice beyond

predetermined performance criteria; however, overlearning is also used to refer to the results
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produced by additional practice (Dougherty & Johnston, 1996). The amount of overlearning used
in studies is typically determined as a percentage of the number of trials used to achieve the
initial criterion score (Driskell et al., 1992). For example, 50% overlearning might comprise 10
trials to achieve the criterion score of 100% accuracy and five additional overlearning trials. The
exact mechanisms that make overlearning effective are not certain; however, recent studies
examining overlearning’s effects on neurochemical activity and retention indicate that training
beyond initial acquisition criteria stabilises new learning, preventing its disruption by other

learning (e.g., Shibata et al., 2017).

5.3.2 Overlearning and retention

Within the extensive literature on overlearning, there is widespread agreement that it
enhances retention (Colman, 2015; Driskell et al., 1992). Driskell et al. stated that it was
unknown what degree of overlearning (e.g., 50%, 100% or 150%) was necessary to attain the
purported retention benefits and set about determining this through meta-analysis. Their results
found overall positive effects of overlearning on retention, with the degree of overlearning
strongly correlated with observed effect sizes—the higher the percentage of overlearning, the
greater the effect size.

The benefits of overlearning for directly trained skills are not always long-lasting, though
(Driskell et al., 1992; Rohrer et al., 2005). Rohrer et al. found overlearning effects decreased
substantially three weeks after training. The differences in the mean levels of retention were
significant one-week post-training but decreased dramatically at longer retention intervals. The
authors claimed that the discrepancies between their results and the findings of other
overlearning research was due to the retention interval and that most studies showing improved

retention following overlearning employed retention intervals of one week or less. Driskell et al.
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also noted that cognitive skills (e.g., verbal learning tasks) were more susceptible to deterioration
than physical skills, and the longer the retention period, the less likely learners were to recall the

material.

5.3.3 Overlearning and emergent learning

More applied studies are needed to evaluate whether the expected benefits of overlearning
trained material extend to emergent material; related basic research studies suggest they might
(e.g., Bortoloti et al., 2013; Bucklin et al., 2000). Bortoloti et al. investigated the effects of
overlearning (the authors used the term overtraining) on the strength of emergent relations
between abstract symbols and photos of human expressions (happy, neutral, and angry). Their
study included two groups of undergraduate students, with one of the groups completing twice as
many acquisition trials as the other. The results appeared to indicate that more trials improved
the overtraining group's ability to discriminate stimuli accurately, which strengthened the
emergent classes developed during training. Similarly, Bortoloti and de Rose (2009) determined
that as nodal distance increased (i.e., the extent to which relations between stimuli are derived
from intermediate emergent relations), alignment between comparisons of directly trained and
derived stimuli decreased, which supported the authors' claim that strengthening stimulus control
through trial exposure strengthened the emergent relations.

Bucklin et al. (2000) are one of the few studies to investigate overlearning and the
retention of emergent learning over extended intervals. In their research, Bucklin and colleagues
utilised emergent learning principles combined with discrete trial and fluency-training
procedures to teach participants to associate Hebrew symbols and Arabic numerals with
nonsense syllables. The initial instructional phase focused on accuracy using discrete trials, then

the overlearning group was provided additional fluency-based trials (timed drills) to achieve the
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fluency criterion. Following the training, the experimenters evaluated both the overlearning and
accuracy-only training groups on a composite emergent skill. This task required participants to
derive the untrained relationships between the Arabic numerals and Hebrew symbols to correctly
calculate a sum. Retention was assessed at intervals of two or four weeks, ranging from four to
twenty weeks post-training. The probes revealed significantly higher retention rates and accuracy
for both emergent and directly trained relations in the overlearning group. Notably, the accuracy-
only training group’s performance declined substantially just four weeks after training, whereas
the overlearning group maintained their performance levels. The authors concluded that
overlearning enhances retention of both directly trained and untrained emergent skills.

Contrary to Rohrer et al. (2005) and Driskell et al. (1992) results, overlearning in Bucklin
et al. showed benefits that were retained up to 20 weeks post-training. Bucklin et al. also differed
from Rohrer et al. (2005) and Driskell et al. (1992) in that the overlearning trials incorporated
fluency-building procedures derived from precision teaching practices.

5.4 Precision teaching and fluency-building

5.4.1 Definition

Gist and Bulla (2020) define precision teaching as an instructional measurement
technology that comprises four key components. The first component involves establishing
precise measurable learning goals, which typically describe fluency criteria (i.e., corrects per
minute) and learning channels (the form in which the learner responds). The learning channel
used in FTT is a spoken response to a visual stimulus—SEE picture/SAY foreign word.

The second component is use of the standard celeration chart to graph learners’
performance. Daily graphing on the standard celeration chart allows teachers to make data-

driven decisions about learning and instruction.
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The third component refers to the subsequent actions teachers take based on the data
collected, which generally are either: a) continue providing practice opportunities where fluency
aims are not yet achieved; b) complete the current instructional program because the learner has
met the learning target; ¢) or make some changes to the instructional procedures because the
learner is not making adequate progress.

The final component in this recursive process is noted as ‘keep going’, in which case, the
teacher continues to steer the learner towards the learning target and adjust the learning program
as needed.

Fluency-building, also sometimes described as rate-building, refers to procedures aimed at
encouraging learners to achieve fluent performance characterised by speed and accuracy of
responding (Binder, 1996). While conventional educational programmes typically focus on the
accuracy of learners' performances, precision teachers target fluency, a combination of accuracy
and speed. A prevalent misconception is that fluency-building focuses on fast performance.
Proponents of behavioural fluency do not target the speed of responding alone, though. Instead,
their focus is "...speed that characterizes competent performance" (Binder, 1996, p. 164),
"...doing the right thing without hesitation" (Binder, 1996, p. 164), and "...behavior that is

flowing, effortless, well-practiced, and accurate" (Johnson & Layng, 1996, p. 281).

5.4.2 Fluency and retention

Fluent performance is expected to produce a range of benefits to the learner, including
improvements in retention, endurance, and application to new settings and stimuli (Johnson &
Street, 2004; Pennypacker et al., 2003). Support for the claim that fluency improves retention is
found in both basic and applied research (e.g., Porritt et al., 2009; Lee & Singer-Dudek, 2012;

Singer-Dudek & Greer, 2005). However, some researchers argue that the existing evidence is
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inconclusive and advocate for further investigation (e.g., Doughty et al., 2004; Peladeau et al.,
2003).
5.5 Conclusion

In conclusion, the systematic review’s results (Wooderson et al., 2022) identified a paucity
of experimental research evaluating long-term retention of emergent FL vocabulary learning.
Consequently, little is known about the instructional arrangements that promote retention.
Overlearning has been shown to positively impact the retention of directly trained learning
material (Driskell et al., 1992), but its advantages over more traditional training procedures may
dissipate over the longer term (Rohrer et al., 2005). Few studies to date have evaluated the
effects of overlearning on long-term retention (i.e., one month or more) of emergent learning
material. The few that have (e.g., Bucklin et al., 2000) provide promising, albeit basic research
demonstrations of fluency-building procedures’ potential to produce long-term retention of
emergent learning material. More applied research that includes repeated post-test measures and
longer retention intervals is needed. Furthermore, existing FTT research to date focused solely
on accuracy criteria (e.g., 100 percent correct for two consecutive trials). Researchers studying
overlearning procedures have proposed that training beyond traditional mastery criteria improves
retention of both directly trained and emergent learning (e.g., Bucklin et al., 2000), but further
applied research is needed.

The insights gained from this review set the stage for the experimental work detailed in the
following chapter.
5.6 Introduction to the first experiment

Chapter 6 presents this thesis’ first experiment, which evaluated a modified FTT protocol

with fluency-based overlearning trials aimed at improving learners' long-term retention of
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emergent FL intraverbals. The study employed repeated post-training probes of emergent
intraverbal relations. Korean was selected as the target FL due to its level of difficulty (U.S.
Department of State, n.d.) and the limited number of studies to date involving non-European
languages. This applied experiment extended Bucklin et al.’s (2000) demonstration study by
comparing the emergent learning outcomes of the modified FTT protocol with a more traditional
discrete trial-based approach. The main research question was: Does repeated practice of foreign
tact relations beyond initial mastery (i.e., accuracy criterion) using fluency-building procedures

affect the retention accuracy of derived intraverbal relations during testing?
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Chapter 6: Study 3—Retention of emergent Korean vocabulary following foreign tact
training and overlearning

Wooderson, J. R., Bizo, L. A., & Young, K. (2023). Retention of emergent Korean vocabulary
following foreign tact training and overlearning. [Manuscript submitted for publication]’
6.1 Abstract

Overlearning refers to the repeated practice of material beyond initial mastery (Binder,
1996). In this preliminary study, we evaluated the effects of overlearning on the retention of
emergent intraverbal Korean vocabulary with five adults. The participants completed two
training conditions (regular training and overlearning), involving tacting visual stimuli in
Korean. In the overlearning condition, participants were set additional fluency criteria and
continued to practice beyond the initial accuracy mastery criterion. Both conditions generated
high levels of emergent intraverbal responding post-training; however, data indicated that
retention of emergent relations was greater following overlearning.
6.2 Introduction

The question of 'when should training end?"' is critical for any learning program. The
amount of time learners can spend practicing material is always limited, and educators must
carefully consider at what point further training is unlikely to provide additional benefit to the
learner. Behavior-analytic researchers and educators often use a predetermined mastery criterion
to decide when training is complete or when to shift focus to a different learning target (Fuller &
Fienup, 2018), however, there is limited empirical research to guide the selection of the mastery

criterion (McDougale et al., 2020; Fienup & Carr, 2021).

> The paper was submitted to an American journal and uses American English spelling throughout.
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In a series of recent studies examining the mastery criterion, researchers found that the
higher the criterion, the more likely learners were to retain what was taught (Fuller & Fienup,
2018; Longino et al., 2021; Pitts & Hoerger, 2021; Richling et al., 2019). Fuller and Fienup
(2018) taught children spelling skills to three levels of performance criterion: 50%-, 80%-, or
90%-correct for a single session. Their results showed that the higher (i.e., 90%) criterion level
produced the highest levels of maintenance 3 to 4 weeks post-training. Richling et al. (2019)
conducted three parametric studies similar in design to Fuller and Fienup (2018). The first two
studies (Experiments 2 and 3) compared three criteria: 60%-, 80%- and 100%-correct across
three consecutive sessions during four weekly maintenance probes. The final study (Experiment
4) evaluated 80%-, 90%- and 100%-correct across three consecutive sessions during a single
follow-up test one week after training. In all three experiments, the 100% criterion produced the
best (or equal best) results across all but 2 of the 108 maintenance probes, whereas the authors
asserted that the 60%, 80% and 90% accuracy criteria did not produce sufficient skill
maintenance for most of the participants. When Longino et al. (2021) systematically replicated
this study, the results were similar, except that the 90% criterion was sufficient for producing
skill maintenance at comparable and sometimes higher levels than the 100% criterion. In
contrast, Pitts & Hoerger (2021) found that the 100%-accuracy criterion reliably produced better
skill maintenance than the 80% or 90% criterion levels. These studies' findings add to a body of
evidence suggesting that higher mastery criteria result in more effectively maintained skills.
However, one inherent limitation of performance criteria based on percent correct measures is
that 100% is the highest level that can be achieved. As a result, it is unclear whether there are
any additional benefits for learners above this threshold. According to Binder (2004), percentage

correct measures are insufficiently sensitive to answer this question. That is, the number of
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accuracy trials required to reach a 100% criterion for any learner does not predict the number of
additional trials required for that learner to achieve a given retention level.

Fluency criteria derived from precision teaching practices, are an alternative to accuracy-
based performance criteria and offer a potential solution to the 100% correct measurement
ceiling. While traditional educational programs are often concerned with the accuracy of
students' performances alone, precision teachers are concerned with accuracy and speed, which
they refer to as fluency. This enables the instructor to establish a mastery criterion that is not
restricted by percentage correct measures. One common misconception about fluency-building is
that it emphasizes speed (Binder, 2004). However, advocates of behavioral fluency do not target
‘fast” performance. Instead, emphasis is placed on developing accurate performance at "...speed
that characterizes competent performance" (Binder, 1996, p. 164), "...doing the right thing
without hesitation" (Binder, 1996, p. 164), and "...behavior that is flowing, effortless, well-
practiced, and accurate" (Johnson & Layng, 1996, p. 281). Fluent performance is associated with
improved learning retention, endurance, and adaptability to novel environments and stimuli
(Johnson & Street, 2004; Pennypacker et al., 2003). Although there is empirical support for
precision teachers' claims that fluency-building improves retention in the basic (e.g., Porritt et
al., 2009) and applied literature (e.g., Singer-Dudek & Greer, 2005; Lee & Singer-Dudek, 2012,
Quigley et al., 2018), some researchers (e.g., Doughty et al., 2004; Peladeau et al., 2003) argue
that the evidence is inconclusive and lacks a convincing argument for its effectiveness. Others
have argued that fluency-building improves retention because it is a form of overlearning in
which students practice learning material beyond the 100 percent correct accuracy criterion until
they achieve the desired response rate (Bucklin et al., 2000). Overlearning is thought to improve

learning retention, and there is a large body of research evaluating its outcomes (Driskell et al.,
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1992). Recent research into the effects of overlearning on changes in neurochemical processing
and skill performance suggests that overlearning may work by stabilizing new learning and
protecting it from disruption by subsequent learning (Shibata et al., 2017). Despite the reported
advantages of overlearning on directly trained material, more research is needed to determine
whether these advantages extend to emergent learning material.

Emergent learning, sometimes referred to as generative learning in behavior analytic
literature, is learning that does not require direct experience to acquire (Critchfield & Twyman,
2014). The resulting outcome is that some learning occurs 'for free'. Typically, this means that
direct training in one set of skills produces competency in a related but untaught set of skills.
This ‘free’ learning presents apparent advantages for learners and those responsible for designing
and delivering educational programs. Notably, instructional time is always limited, and educators
must consider achieving the most impactful outcomes with available resources. The results of the
few studies that have examined the effects of fluency-based overlearning on emergent learning
suggest it might positively impact the retention of emergent skills and those trained directly. For
example, Bucklin et al. (2000) examined the outcomes for directly trained and emergent learning
skills using a between-groups experimental design to compare differences in retention rates up to
20 weeks post-training with 30 college student participants. Using emergent learning procedures
and accuracy-based mastery criteria, participants in both groups learned to associate a set of
nonsense syllables with a) Hebrew Symbols and b) Arabic numerals. Following initial accuracy
training, participants in the overlearning group received additional fluency-based training (five
one-minute timed drills per session) until they achieved the fluency criterion (i.e., number of
responses per minute). After training, all participants were tested on an emergent skill that

required the addition of two Hebrew symbols. Participants had to be able to derive the untrained
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emergent relations between the Hebrew symbols and Arabic numerals to complete the task
correctly. Their retention was then tested at two or four-week intervals between 4 and 20 weeks
after training. The retention probe results showed that the overlearning group maintained
significantly higher relative levels of accuracy and fluency for the emergent relations and the
trained relations. Interestingly, the group that did not complete the overlearning trials showed a
significant decrease in performance after only four weeks, but not the overlearning group. These
findings indicate that fluency-based overlearning can provide improved retention over the longer
term. The authors recommended that further studies be conducted with different participants,
tasks, and settings to determine whether the results generalize to other areas of learning. If other
studies demonstrate similarly positive effects on retention accuracy from fluency-building, this
might assist with the development of more efficient and effective training procedures. We set out
in the current paper to evaluate the effects of fluency-building procedures on foreign language
vocabulary learning.

Several recent studies demonstrate the potential benefits of emergent-learning approaches
to deliberate vocabulary learning (Cao & Greer, 2018; Cortez et al., 2020, 2022; Daly &
Dounavi, 2020; Matter et al., 2020; May et al., 2019; Wu et al., 2019). Indeed, instruction based
on emergent learning principles and verbal operant procedures may be more efficient than
training all relations directly (Matter et al., 2020). Foreign tact training (FTT) is one such verbal
operant procedure that teaches the learner to vocalize the appropriate foreign word in the
presence of a corresponding visual stimulus and then tests for the emergence of one or more
untrained verbal operants. Recent systematic reviews demonstrate FTT's effectiveness in evoking
untrained foreign language repertoires (Melvin-Brown et al., 2022; Wooderson et al., 2022).

Wooderson et al. reviewed 10 FTT studies and concluded that FTT produced a range of derived
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stimulus relations and significantly higher levels of emergent responding than foreign-to-native
intraverbal (emitting the appropriate native-language word in the presence of the foreign word),
native-to-foreign intraverbal (NFI; emitting the appropriate foreign word in the presence of the
native-language word), and foreign listener training (selecting an appropriate referent in the
presence of the foreign word). Melvin-Brown et al. (2022) also found that FTT produced a
greater number of emergent relations in comparison with other verbal operant training
procedures. Although the growing research interest in this area is promising, little is known
about the retention of the emergent learning outcomes produced by FTT. Wooderson et al.
reported that only four (Cortez et al., 2022; Daly & Dounavi, 2020; Matter et al., 2020; May et
al., 2019) of the 10 studies they reviewed conducted follow-up tests, and no studies demonstrated
consistently robust long-term retention of vocabulary learning. Melvin-Brown et al.'s (2022)
findings were similar: only 38% of the reviewed studies reported follow-up probes. Without
retention, language learners are unlikely to develop the depth of vocabulary necessary to engage
in successful communication (Schmitt, 2010).

The present study compared the emergent learning outcomes produced by overlearning
(accuracy and fluency criteria) with regular training (accuracy criterion only) using FTT to
examine learners' retention of emergent Korean intraverbals up to 33 weeks after training. The
primary research question in our study was: Does repeated practice of foreign tact relations
beyond initial mastery (i.e., accuracy criterion) using fluency-building procedures affect the

retention accuracy of derived intraverbal relations during testing?

97



6.3 Method

6.31 Participants and setting
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The study included five adults known to the first author (P1 to P5; two males, three

females; Table 1) whose ages ranged from 26 to 52 years (mean=34.8 years). Two participants

held graduate degrees, while three held undergraduate degrees. All participants spoke English,

and three had prior experience with a second language but not Korean.

Table 1

Participants’ gender, age, ethnicity, education level, and experience with a second language.

Second language

Participant ID Gender Age Ethnicity Education level
experience

European

P1 Male 41 Graduate Spanish, Japanese
Australian

Japanese

P2 Female 26 Undergraduate Japanese
Australian
European

P3 Male 26 Undergraduate None
Australian
European

P4 Female 29 Graduate None
Australian

P5 Female 52 Malay Undergraduate Indonesian

The training was conducted online via Microsoft Teams®, and participants connected to

sessions from their homes using personal computer equipment. Before each session, the

experimenter instructed participants to close all software programs other than Microsoft Teams

on their computers and clear any materials from their work area. Instructional sessions lasted
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approximately 1-3 minutes each. Each participant undertook 10 sessions per day for up to 10
weekdays, depending on whether they achieved the mastery criterion before the end of the
training phases. If the participant met the criterion before then, the next phase began the
following weekday. The training was limited to a maximum of 10 days per participant due to
participant time constraints. All sessions were recorded using Microsoft Teams' video recording
function. All participants signed a written informed consent form before the study.

During training, the experimenter shared their screen showing the learning materials,
Microsoft PowerPoint® slides via Microsoft Teams. Participants could not access learning
materials outside of sessions. Furthermore, participants were instructed not to practice and
refrain from using the words taught during sessions outside of the training and testing sessions.

We assigned two stimulus sets (Table 2) for each participant (one set per training
condition). The tact training stimuli presented during accuracy training included 20 color
pictures (10 per set) centered on a white background in Microsoft PowerPoint ™ and resized to
approximately 50% of the available screen space. During fluency training, the 10 pictures in each
set were resized and randomly arranged in a 5 x 2 grid so that all 10 stimuli could be seen on
screen simultaneously. All pictures were obtained using Google ™ image searches. The NFI
stimuli presented during pre-, post-training, and follow-up phases were the corresponding 20
written English nouns on a white background using a black-colored Calibri font at 96 point font

size in Microsoft PowerPoint ™.,
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Table 2

Target words in Korean (foreign language) and English (native language) for both stimulus sets

Set 1 Set 2
Korean English Korean English
Sajin Photo Janggap Gloves
Gawi Scissors Naembi Pot
O1 Cucumber Gamja Potato
Chima Skirt Chimdae Bed
Usan Umbrella Begae Pillow
Baji Pants Jido Map
Ageo Crocodile Subak Watermelon
Chamgmun Window Namu Tree
Sagwa Apple Sangeo Shark
Yeonpil Pencil Chiyak Toothpaste

To equate the difficulty of each set, we employed the following procedures (Shepley et
al., 2020; Cariveau et al., 2021):
1. Each set comprised 10 common noun targets.
2. Each target word contained two syllables, and the syllables were audibly distinct from
each other.
3. Each set contained an equal number of words beginning with the same initial sound,
and the configuration of each word was different.

4. All visual stimuli were composed of contrasting shapes and colors.
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Each participant was randomly assigned sets using an online sorting software (Picker
Wheel, n.d.). Consequently, P1 and P2 were assigned set 1, and P3, P4, and P5 were
assigned set 2 in the overlearning condition.

All participants completed pre-assessment tests to ensure they could a) pronounce
each of the Korean words, and b) tact the words in English before pre-testing
commenced.

The order of presentation of sets to participants was counterbalanced, and the order of
presentation of stimuli during trials was randomized using a custom Microsoft Excel
TM macro written by the first author.

A baseline condition with 2-6 trial blocks was conducted with each participant before
commencing instruction.

Procedural fidelity checks to examine the level of adherence to the described
experimental procedures were conducted across both study conditions.

Reliability checks to assess the level of agreement between independent observers

scoring the dependent variables was also conducted.

6.32 Response Measurement and Dependent Variables

The primary dependent variable was correct responses. Incorrect responses consisted of

the participant saying: the wrong word, the target word in the wrong language, they did not
know, or no response within 5 seconds of trial initiation (Wu et al., 2019). Observers scored a
response correct if the participant vocalized the Korean referent after being shown a) the
equivalent English written word during pre-and post-test sessions or b) a picture representing the

word during tact training sessions. Participants were required to articulate the Korean targets
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accurately; a phonetic dictionary with Romanized terms verified by a native Korean speaker was

used to assess pronunciation.

6.34 Experimental Design and Procedures

We employed an adapted alternating treatments design (Sindelar et al., 1985) to compare
the effects of two tact-training conditions—1) regular training (accuracy criterion only) and 2)
overlearning (accuracy and fluency criteria)— on participants' retention of emergent Korean
vocabulary. The study's phases were implemented in the following order: pre-assessments,
native-to-foreign intraverbal (NFI) pre-tests, baseline, instruction, NFI post-tests, and follow-up
tests. The pre-assessment, accuracy, pre-, post-, and follow-up testing procedures were adapted
from Matter et al. (2020). All procedures performed in the study were approved by the
University of Technology Sydney Human Research Ethics Committee (ETH22-6997).
Pre-assessments

The two pre-assessment procedures, Korean pronunciation and native tact pre-
assessments, were conducted on consecutive days at the commencement of the study. During
both pre-assessment sessions, all forty stimuli were tested once each. Pronunciation pre-
assessments involved the experimenter vocalizing and asking participants to repeat each target
word in Korean; feedback followed each response. If participants closely approximated the target
word, they were asked to repeat the word until they could pronounce it correctly, and if they
were unable to pronounce the word in Korean correctly, it was discarded and replaced.

During native tact pre-assessments, the experimenter asked participants to label pictures
of each target word in English. This procedure aimed to remove any ambiguity regarding the
stimuli used in the study and adjust the materials to include the English referents preferred by the

participants. If a participant's response was synonymous with the expected noun (e.g., 'quilt'
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instead of 'blanket'): the experimenter asked the participant to select between the two; the
participant's preference was noted, and learning materials were adjusted accordingly.
Pre-tests

Before training, the experimenter tested the participants on both stimulus sets using the
NFI relations. Each pre-test phase comprised four sessions, in which we tested both sets of words
and all stimuli twice—eighty trials. At the beginning of each pre-test, the experimenter told the
participant, "I will ask you what an English word is in Korean. I'm not going to tell you if you're
right or wrong, but I want you to give it a try". Finally, the experimenter provided neutral
comments (e.g., "okay") as feedback for correct and incorrect responses.
Baseline and Instruction

Using tact relations, we conducted baseline (the first 2-6 sessions) and instructional
phases for both stimulus sets. All baseline sessions followed accuracy procedures except that the
experimenter only provided neutral feedback—TIlike the pre-tests. We implemented the same
accuracy procedures for both stimulus sets during the first phase of instruction until participants
achieved the accuracy mastery criterion—100% correct responding across two consecutive ten-
trial blocks— or completed twenty-five ten-trial blocks, whichever occurred first. If the
participant failed to attain the accuracy criterion within twenty-five trial blocks, we proceeded to
the next phase of the study. During the next phase, the experimenter commenced weekly post-
tests with the regular training stimulus set and continued training with the overlearning stimulus
set using the fluency training procedures. Post-testing with the overlearning stimulus set started
when the participant either achieved the fluency criterion or completed 50 one-minute timed

trials.
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Accuracy training

During the accuracy training phase, we conducted trials by presenting pictures of each
target word (10 per set) one at a time in a randomized order and providing immediate feedback
by acknowledging a correct response or error correction. Sessions started with the experimenter
telling the participant, "I will show you slides with pictures and ask you to label each picture you
see in Korean. After you label a picture, I will tell you if you are right or wrong. If you are
unsure about any of the pictures, you can say, 'l don't know' or guess. Then, I will tell you the
correct answer before moving to the next slide." The experimenter waited five seconds for the
participant to respond before providing feedback and presenting the next trial until all 10 stimuli
in the set had been presented. Immediately following the last accuracy training trial, the
experimenter conducted the first post-test with the regular training set and commenced fluency
training with the overlearning set.
Fluency training

The overlearning condition added fluency-building procedures and focused on increasing
the participants' response rate to attain the fluency criterion—100-80 words per minute with no
errors (K. Johnson, personal communication, February 23, 2021). This criterion rate was
comparable to that of a native Korean speaker known to the first author. Whereas the accuracy
training procedures were conducted with both stimulus sets, only one stimulus set (overlearning)
was trained using the fluency procedure.

Before each session, the experimenter provided the following instructions, "I will show
you slides with pictures of the words you have learned, and you will have one minute to label as
many pictures in Korean as you can. When the timer starts, and I say, 'Please begin,' label each

picture from left to right, starting with the top row and moving to the bottom. Then, we will
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move to the next slide. If you are unsure about any of the pictures, you can say, 'don't know' or
guess. Do not skip any pictures. When the timer ends, I will tell you how well you did."

During fluency training, the experimenter only provided feedback at the end of the one-
minute session (i.e., when the timer ended) and not after every tact. Following each one-minute
timing, the experimenter scored the correct responses and errors and calculated the participant's
response rate. The experimenter then gave feedback to the participants on their performance and
corrected any errors the participant made. The participant was also encouraged to increase their
response rate if they had not yet attained the target rate. For example, "You scored 60 corrects
per minute during the last trial. Your target is at least 80 corrects per minute. Try to increase your

rate of correct responses during the next trial".

Post-tests and follow-up tests

Post-tests followed the same procedure as pre-tests, except post-tests were repeated
weekly over four weeks. Using the same procedures, the experimenter implemented a one-off
follow-up test with both stimulus sets at 27-33 weeks post-training, depending on the availability

of each participant.

6.35 Interobserver Agreement and Treatment Integrity

A second independent observer (BCBA®) watched 29% (range, 25% to 37%) of the
session recordings across all baseline, instruction, pre-, post-, and follow-up test phases while
independently collecting data on participant responses during trial presentations. We then
compared the data collected by both observers on a trial-by-trial basis. If both observers recorded
an incorrect or correct response for the same trial, we scored this as an agreement; otherwise, we
scored the trial as a disagreement. We calculated interobserver agreement by dividing the

number of agreements by the total number of agreements and disagreements and multiplying by
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100. The mean interobserver agreement for sessions during pre-and post-testing was 99.5%
(range, 98.8% to 100%), baseline was 100%, and training was 97.4% (range, 95.9% to 100%).

The same independent observer collected data on the experimenter's implementation of
the study procedures. During baseline, pre-, and post-test phases, the second observer scored
whether the experimenter: 1) presented the discriminative stimulus, 2) waited up to 5 seconds for
the participant to respond, and 3) provided neutral feedback for all learner responses. During the
accuracy phase, the steps were the same, except the observer checked whether the experimenter
provided acknowledgment of a correct response or error correction rather than neutral feedback.
Finally, during the fluency phase, the observer scored whether the experimenter provided
feedback to the participant on the number of correct responses only after each one-minute trial.
We calculated treatment integrity by dividing the total number of correctly implemented steps by
the total number of correctly and incorrectly implemented steps and multiplying by 100. Mean
treatment integrity was 100% across all observed sessions.

6.4 Results

6.41 Baseline and Training

Figure 1 shows the five participants' baseline and training data during the accuracy
training phase. No participants responded correctly during baseline trials. P1, P2, and P3 steadily
improved their performance during the accuracy phase until they achieved the accuracy mastery
criterion with both stimulus sets. P4 met the mastery criterion for set 1 (regular training set) but
not set 2 (overlearning set), and PS5 failed to achieve the mastery criterion for either set before the
end of the accuracy training phase. This potentially confounded and negatively impacted P5's
post-test results; however, her performance was similar across both sets during the regular

training condition. Further, it is unlikely that this significantly impacted P4's post-test results
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because she achieved mastery with the regular training stimulus set and then participated in
additional fluency-based trials with the overlearning set.
Figure 1.

Accuracy Training Outcomes for P1, P2, P3, P4, and P5
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Note. Asterisks note the session in which the participant met the accuracy mastery

criterion. BL = baseline; AT = accuracy training

P1 and P2 participated in the fluency phase with the stimuli from set 1 (Figure 2). P1
attained the fluency criterion of 80 or more correct tact responses per minute with no errors
within eight sessions—P2 achieved it within 34 sessions. P3, P4, and P5 completed the fluency
phase with set 2 but failed to attain the target rate before the end of the phase. Of these three
participants, P3 came closest to achieving the fluency criterion with 78 correct responses per
minute; P4's best rate was 66, and P5's was 34. Both P1 and P2, spoke Japanese as a second

language, which shares similarities with Korean as both languages are Ural-Altaic language
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systems (Martin, 1966), which might explain why they achieved the fluency criterion, but the

other participants did not.

Figure 2.

Fluency Training Outcomes for P1, P2, P3, P4, and P5
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Note. Asterisks note the session in which the participant met the fluency mastery criterion. The

y-axis uses a logarithmic scale.

6.42 Pre- and Post-Tests

All five participants completed four weeks of post-testing. Figure 3 shows the
participants' performances during pre- and post-training tests for the untrained emergent NFI
relations. Similar to FTT baseline sessions, none of the participants responded correctly during
NFI pre-test trials. However, both training conditions produced high levels of emergent
responding immediately following training. All participants scored at or above 85% correct
responding during the initial NFI post-tests, and P2, P3, and P4 scored 100%. Overlearning
(mean = 99%) produced slightly higher results during the first post-test than the regular training
condition (mean = 96%). Furthermore, visual analysis of the level, trend, and stability of
participants' performances over the four weeks of post-testing indicates that all five learners
showed better overall retention of emergent responses in the overlearning condition.

Figure 3

Pre, Post, and Follow-up Test Outcomes for P1, P2, P3, P4, and P5
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Note. P5's graph does not include follow-up results because she was not available for testing.
The differences between the two conditions increased as post-testing continued. By the
fourth week of post-testing, three weeks after training, the mean difference between overlearning
(99%) and regular training (96%) increased from 3% to 14% (85% and 71%, respectively). P5's
performance with the regular training set appeared to degrade most among the five
participants—85% correct responses during the first post-test and 10% three weeks later. PS5
scored much higher during the first post-test with the overlearning stimulus set (95%) and the
fourth post-test (65%) three weeks later. P3 and P4 maintained 100% correct responding during
all four weekly post-tests, but only with the stimuli in the overlearning set. By the fourth post-
test, P4's score with the regular training set had dropped to 90%, and P3's score was 95%. On the
other hand, P2 and P1's post-test scores were reduced in both conditions. Still, they performed

better in the overlearning condition than in the regular training condition.

6.43 Follow-up Tests

P1, P2, P3, and P4 completed follow-up testing between 27-33 weeks after training; P5
was unavailable to participate. P1's follow-up tests were conducted 33 weeks after training,
scoring 65% for the overlearning set and 5% for the regular training set. Twenty-seven weeks
post-training, P2 scored 70% (overlearning) and 50% (regular training), while P3 scored 65%
(overlearning) and 40% (regular training). P4 was the only participant to score higher at follow-
up in the regular training condition (40%) than in the overlearning condition (35%). Her follow-
up results suggest that her failure to attain the fluency criterion negatively affected her retention
at follow-up. Although, it should be noted that P4 was pregnant and gave birth between the post-
testing and follow-up sessions, which could have influenced her follow-up results. Still, her

overall mean score in the overlearning condition (87%) was slightly higher than in the regular
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training condition (83%, Table 3). On the other hand, P3 showed improved retention at follow-
up in the overlearning condition despite not achieving the fluency criterion. However, P3's
highest response rate (78 corrects per minute) was much closer to the criterion than P4's (66
corrects per minute).

Table 3

Mean post-test and follow-up scores for each participant

Number of test Mean score Mean score
Participant Range
sessions (Overlearning)  (Regular training)

P1 10 85% 64% 5-100
P2 10 88% 79% 50-100
P3 10 93% 83% 40-100
P4 10 87% 83% 35-100
P5 8 74% 30% 30-95

6.5 Discussion

We compared repeated measures of emergent intraverbal responses following two FTT
conditions—regular training and overlearning. Despite no direct training in NFI relations, all
participants demonstrated high levels (> 85% correct) of emergent NFI responding following
both conditions. The results reflect those of previous studies in which FTT was effective in
producing emergent foreign language intraverbals (Cortez et al., 2020, 2022; Daly & Dounavi,
2020; Dounavi, 2011, 2014; Matter et al., 2020; May et al., 2019; Petursdottir & Haflidadoéttir,

2009; Petursdottir et al., 2008; Wu et al., 2019).
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This study extends previous FTT research by examining the effects of overlearning and is
the first to evaluate the impact of adding fluency criteria to regular FTT procedures. All five
participant's mean post-test scores were higher in the overlearning condition and showed
increased levels of emergent responding compared with training to accuracy criterion alone,
which is consistent with previous research on overlearning and emergent relations (e.g., Binder,
1979; Bortoloti et al., 2013; Bucklin et al., 2000).

The results also indicated that the addition of fluency-building procedures in the
overlearning condition increased participants’ retention of emergent responses. However, it is
uncertain whether better retention was a function of increased practice time rather than the
fluency criterion (Doughty et al., 2004). Still, once learners achieve 100% accuracy, it remains
uncertain how much additional practice might be needed to improve retention (Binder, 2004).

Instead of relying on accuracy criterion alone, researchers and instructors might consider
what fluency criterion predicts long-term learning retention (Binder, 2004). Including fluency
criteria may assist instructors in pinpointing a measurable target to aim for during overlearning.
In our study, the fluency criterion was between 100-80 corrects per minute, with no errors.
Because we limited the number of training sessions, only two participants, P1 and P2, achieved
this criterion. Still, three of four participants showed improved retention at 6-7 months in the
overlearning condition. P4 was the only participant whose follow-up performance was not
improved with overlearning; interestingly, her response rate during training was also the lowest
among the participants who completed follow-up testing.

To our knowledge, this study is also the first to examine retention following FTT using
multiple (i.e., more than two) post-tests. We conducted 8-10 repeated measures post-training

with each participant, which allowed us to examine the level and trend of participants' emergent
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responses through visual analysis. Notably, the level and trend appeared higher and more stable
for the overlearning stimulus sets than the regular training stimuli. Another finding of interest
was the observed effect of repeated weekly testing on retention. Cowley et al. (1992) argued that
repeated testing of untrained relations can establish more consistent emergence of equivalence
relations. In the current study, weekly testing during the first three weeks following training
appeared to produce more stable responding. However, we also observed a ceiling effect where
performance was measured using percentage correct. More differentiated results may have been
noted had we also measured participants' response rates during the post- and follow-up testing
phases.

The present study compared the emergent foreign language learning outcomes from
overlearning (accuracy and fluency criteria) with the outcomes produced by regular training
(accuracy criterion only). The findings are similar to Bucklin et al. (2000) in that overlearning
increased learners' retention of emergent learning. A limitation of this study is that two of the
five participants failed to achieve the accuracy criterion before commencing the overlearning
phase. As a result, we cannot be certain that this did not affect their post-training results.
However, as previously stated, P5's performance was comparable across both sets during the
regular training condition. Furthermore, because P4 achieved mastery with the regular training
stimulus set rather than the overlearning set, and then participated in additional fluency-based
trials with the overlearning set, it is unlikely that her post-test results were affected significantly.
Future research should continue training to criterion to directly compare the criterion-accuracy
level and criterion-fluency level mastery criteria to verify whether the criterion-fluency level

adds any benefits with respect to response maintenance.
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Additionally, we did not test tact relations during post-tests to avoid potentially
influencing the participant’s retention of the derived relations through repeated testing. However,
it would be interesting to see whether the effects we observed for the emergent NFI relations are
similar to the trained tact relations. Bucklin et al.’s (2000) results suggested that retention
increased for both the trained and untrained relations, and future studies should also evaluate
both.

Finally, we recommend that future FTT research systematically isolate the effects of
fluency criteria on emergent learning outcomes while controlling for practice effects. For
example, a potential experiment could compare learning outcomes following a ‘fast’ training
condition— high rate-aim and free-operant responding during timed trials—with a ‘slow’
training condition—low-rate aim and restricted operant responding using an intertrial delay to
depress responding. Although overlearning and fluency-based training procedures may
potentially improve retention, it is unclear whether this is a function of the fluency criterion, the

increased practice time, or both.
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Chapter 7: Fluency-building and the testing effect

7.1 Introduction

This chapter reviews the first experiment (Study 3, Chapter 6), and analyses the factors
that influenced the retention outcomes observed across the two training conditions. It discusses
the role that response rate played in these outcomes and raises questions about whether the
fluency criterion is a required component for improved retention or if the improved retention
observed in the fluency-building condition was a function of extended practice testing rather than
response rate.

To further understand the mechanisms underlying the improved retention observed in
Study 3, this chapter examines whether the findings are characteristic of the testing effect.
Additionally, understanding the testing effect can help refine instructional strategies to
incorporate optimal retrieval practices, enhancing the retention of emergent language skills.

The discussion then explores how the dosage of practice tests—meaning the frequency and
extent of testing—may influence retention outcomes. To investigate this, the chapter proposes a
comparison between free-operant training conditions, where learners have continuous
opportunities to respond, and restricted-operant training conditions, where the number of
response opportunities is limited. By comparing these training conditions, the study aims to
determine the optimal practice test dosage for maximising retention and understand how
different training methodologies impact emergent learning and memory consolidation.

7.2 Summary of Study 3
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7.2.1 Retention in Study 3

Study 3 (Chapter 6) compared the outcomes produced by a modified FTT protocol that
included fluency-based overlearning trials with a more traditional discrete-trial based FTT
procedure. Repeated post-training tests of emergent intraverbal responding across the two FTT
conditions revealed better retention in the modified procedure that included fluency-building,
and the differences became more pronounced as post-testing continued. After four weeks,
participants stopped practice and testing for at least five months. Tests conducted 6-7 months
after training, revealed that three out of four participants showed improved retention following

the overlearning trials included in the modified FTT procedure.

7.2.2 Response rate or. extended practice?

It was hypothesised that fluency-building would improve emergent learning outcomes by
increasing the response strength (i.e., response rate) of directly trained tacts. During post-testing,
fluency-building consistently produced better retention scores than regular training, with the
difference between the two conditions increasing over time. Follow-up tests confirmed that
overlearning led to more durable retention in three of four participants, as reflected in higher
mean scores across participants compared to regular training.

The observed retention improvements align with precision teachers' claims that skills
taught to fluency tend to remain in the learner's repertoire for an extended duration (Johnson &
Street, 2004; Pennypacker et al., 2003). However, only two participants met the fluency
criterion, while the other three participants fell short, suggesting that the fluency criterion was
not a required component for improved retention for all participants. It is possible that these

improvements resulted from repeated practice rather than from an increased response rate

116



Retention of emergent foreign vocabulary

(Doughty et al., 2004), as training duration was longer, and participants engaged in substantially
more trials in the fluency-based overlearning condition. The key question arising from the first
experiment was: What role does extended practice play in retention?

Fluency-building typically provides more practice opportunities than traditional discrete-
trial training approaches because it minimises response constraints and encourages learners to
pace themselves and respond to as many stimuli as they can in the time allotted to training
(Lindsley, 1996). According to the testing effect, increased practice through repeated testing (i.e.,
more learning trials) is one of the most effective strategies for improving retention (Carpenter et
al., 2022, Polack & Miller, 2022). Learners who practice retrieving previously learned
information or skills retain more than learners who do not. During fluency-building procedures
like those employed in Study 3’s overlearning condition, learners engaged in free-operant trials
and high rates of retrieval practice.

7.3 Free-operant versus restricted-operant training

7.4.1 Free-operant training

In precision teaching, free-operant practice is seen as important for developing fluent
performance and improving retention (Johnson & Layng, 1996). Free-operant procedures enable
participants to complete as many trials as possible within the allotted practice time. Here, the
learner controls the pace of responding, eliminating the need to wait for the instructor to present

stimuli (e.g., self-paced flashcards).

7.4.2 Restricted-operant training

Restricted-operant training, on the other hand, sees the instructor controlling the
presentation of stimuli as well as the time between reinforcement and subsequent presentation of
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stimuli (Cooper et al., 2007). In contrast to free-operant training, restricted-operant trials
introduce interruptions or limitations on participant performance, reducing the number of
presentation trials in each instructional period, and potentially limiting the learner's response rate
(e.g., discrete trial training; Lindsley, 1996).

There are few studies to date comparing free- and restricted-operant learning arrangements
in the retention literature, and among them the results are mixed (e.g., Kong, 2009; Mathews,
2010; McGregor, 2006; Porritt et al., 2009; Wheetley, 2005). Understanding the effects of these
different training conditions on retention could provide valuable insights into optimising
instructional strategies for long-term learning.

One relevant study that highlights the differences between these training conditions is
Porritt et al.'s pigeon study, which provides valuable data on the impact of free- and restricted-

operant practices.

7.4.3 Studies with animals

Porritt et al. (2009) demonstrated positive effects from free-operant practice on pigeons’
response rates and retention levels. The study alternated three training conditions: no delay (free-
operant), delays within- and between-response chains (restricted-operants). During the within-
chains condition, a five-second delay was inserted between every key press. In the between-
chains condition, the experimenters added a 15-second delay after the third key press in the chain
and before presenting the next discriminative stimulus in the subsequent chain. The experimenter
yoked the number of trials in the delay conditions to the amount completed in the no-
delay condition. The no-delay condition produced the shortest mean response latency, which
meant that the pigeons' reaction time was quickest and response rate highest in the free-operant

condition. Porritt et al. attributed this to the free-operant condition’s lack of an intertrial delay.
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They contended that the intra- and intertrial delays implemented during the restricted-operant
conditions limited the pigeons' response rates. Overall, free-operant trials produced significantly
higher response rates and levels of retention than the restricted-operant conditions. Porritt et al.

cautioned, though, that their findings might not be generalisable to human participants.

7.4.4 Studies with human participants

Several studies with human participants (e.g., Darvell, 2006; Kong, 2009; Mathews, 2010;
McGregor, 2006; Wheetley, 2005) evaluated the impact of delays within and between trials but
failed to replicate the positive retention results observed by Porritt et al. (2009). Similar to Porritt
et al.’s study with pigeons, these studies involving human participants ensured that the total
number of trials remained the same across both conditions. Wheetley inserted a one-second intra-
trial delay between presentations of match-to-sample stimuli. Retention tests showed mixed
results: two participants performed better in the free-operant condition, while the other two
performed better in the restricted-operant condition. Wheetley identified the study’s short
retention interval as a limitation and suggested that future research increase the time between
training and testing. Additionally, the results showed no difference in response rates across
conditions for three participants, which means that the one-second delay failed to suppress
fluency in the restricted-operant condition.

Both McGregor (2006) and Kong’s (2009) experiments imposed a three-second intertrial
delay. McGregor observed minimal differences in retention accuracy. Ceiling effects may have
confounded the results, though, as each stimulus set only contained five number facts and the
lowest retention score across all fourteen tests was four out of five correct responses. In other
words, the difference between full retention and the lowest score was just one error. If McGregor

had employed a longer retention interval, used more number facts in each condition, or measured
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response rates during retention tests, the results may have been more differentiated. Kong’s
findings indicated an increased rate of responding for tertiary students participating in free-
operant practice, but relatively stable and high levels of accuracy scores in all conditions from
the first to the last post-test. Free-operant training yielded the highest post-test scores but only
marginally better than those in the restricted-operant condition. Kong suggested that additional
post-tests and longer retention intervals may have produced more substantial differences in
retention rates within and across conditions.

Mathews (2010) employed a 10-second delay between flashcard presentations. During
retention tests, participants achieved high accuracy levels in both conditions. Mathews did not
assess the terminal response rates, though, and fluency levels may or may not have been the
same across both conditions.

7.5 Conclusion

Taken together, these studies’ findings indicate that free-operant trials produced response
rates and retention levels comparable with the same number of restricted-operant trials Only
Porritt et al.’s (2009) findings support the notion that free-operant practice and fluency-building
positively impact response rate and retention when the total number of training trials are held
constant across conditions. The few similar studies to date conducted with human participants
did not yield consistently positive results, casting doubt on the purported advantages of fluency-
building and free-operant practice (Darvell, 2006; Kong, 2009; Mathews, 2010; McGregor,
2006; Wheetley, 2005).

It is important to recognise that limitations within these studies make it difficult to draw
definitive conclusions about their findings. Specifically, researchers reported undifferentiated

increases in some learner’s response rates across free- and restricted-operant conditions
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(McGregor, 2006; Wheetley, 2005), potential ceiling effects (Mathews, 2010; McGregor, 2006),
and relatively short retention intervals (Kong, 2009; Mathews, 2010; Wheetley, 2005).
Considering these limitations, the researchers recommended future studies employ more post-
tests and longer retention intervals with the aim of revealing whether differences exist in
retention rates across conditions.

A final consideration relates to the decision to equate the number of trials across free- and
restricted-operant conditions, which researchers argue controls for confounds associated with
practice. Doing this, however, removes the inherent advantage that free-operant training provides
over other approaches—more training trials per training time. Additionally, it produces
comparatively longer session durations and training for restricted-operant practice; and long-
periods of practice may be punishing and aversive for learners (Binder, 1996). The issue of
instructional time is an important factor in any learning program, particularly in emergent
learning programs, where the primary goal is to achieve the most efficient and impactful results
within the constraints of limited instructional time (Critchfield, 2018).

7.6 Introduction to the second and third experiments

The thesis’s second experiment (Study 4) was designed to address the two main confounds
present in Study 3 (Experiment 1). First, when the procedures limited the overlearning condition
to 50 or fewer trial blocks, three out of five participants did not meet the fluency criterion. This
may have influenced the results, as the participant who scored the lowest terminal training
response rate was the only one whose retention accuracy at follow-up was higher in the regular
training condition than in the overlearning condition. This also raises the question of whether
fluency criteria are a required component for improved retention. To address these concerns,

Study 4 (Experiment 2) continued training in the free-operant condition until all mastery criteria
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were met while attempting to suppress the rate of responding in the restricted-operant condition
using an intertrial delay.

Second, the extended practice employed during overlearning called to question whether the
results were due to practice effects. Previous studies controlled for practice effects by matching
the number of trials per condition. However, this usually results in longer session duration during
restricted-operant practice conditions. In response to this, Study 4 (Experiment 2) aimed to
systematically isolate the effects of fluency criteria while equalising practice duration, which
involved directly comparing free-operant and restricted-operant procedures while holding total
training time constant.

The specific research question evaluated in Study 4 was: Does an intertrial interval during
training affect the retention accuracy and response rate of emergent and directly trained
learning during post-testing?

It was expected that constraining participants’ freedom to respond would limit the number
of trials they were exposed to and negatively affect their rate of responding and post-training
retention levels.

Study 5 followed Study 4 by examining whether modifying the FTT protocol by changing
the testing arrangements during the first month post-training would provide additional
improvements in retention. The question posed was: What are the effects of weekly practice tests

with and without feedback on retention of emergent and directly trained learning?
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Chapter 8: Studies 4 and 5 - More is not always better: The testing effect on retention of
emergent Korean vocabulary

Wooderson, J. R., Bizo, L. A., & Young, K. (2024). More is not always better: The testing
effect on retention of emergent Korean. [Manuscript submitted for publication]?
8.1 Abstract

Traditionally, testing is seen as a tool for assessing learning. However, research suggests it
also enhances retention. Despite abundant research on the testing effect, its specific role in
foreign language vocabulary learning remains unclear, particularly its effect on the retention of
emergent, untrained verbal relations. To address this gap, the current study compared the
retention outcomes of free-operant (fluency practice) and restricted-operant (accuracy practice)
test trials with two English-speaking adults learning Korean vocabulary. Dependent variables
included retention accuracy and response rates for emergent and directly trained vocabulary over
a six-month period. Results from the first experiment in this study (Experiment 2) revealed no
functional relation between testing type and retention. However, the second experiment
(Experiment 3) demonstrated that retention improved to criterion levels when practice tests with
corrective feedback were spaced weekly. These results suggest that increasing the dosage of
practice tests had a minimal impact, while spacing practice sessions enhanced the retention of
both directly trained and emergent vocabulary. The findings provide important considerations for
foreign-language vocabulary learning.
Keywords
Testing effect, spacing effect, emergent learning, foreign tact training, foreign vocabulary

acquisition

¢ The paper was submitted to an American journal and uses American English spelling throughout.
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8.2 Introduction

The ‘testing effect’ is a well-documented phenomenon in which testing not only assesses
learning but also enhances it. Learners who engage in tests requiring retrieval of previously
learned material (i.e., practice testing; Polack & Miller, 2022) tend to retain information more
effectively compared to those who merely restudy the material (Roediger & Nestojko, 2015).
Despite robust evidence supporting the testing effect across various environments and learners
(Carpenter et al., 2022), the role of practice testing in foreign-language vocabulary learning,
particularly the types of practice arrangements that optimize learners’ retention of emergent,
untrained vocabulary, remains unclear (Wooderson et al., 2022).

Foreign-language learning often involves acquiring both directly trained and emergent
vocabulary—verbal relations that are not explicitly taught but are acquired incidentally
(Critchfield & Twyman, 2014; Nation, 2022). Recently, emergent learning has become the focus
of a growing body of literature on foreign vocabulary acquisition. This literature demonstrates
the benefits of procedures targeting incidental learning, including apparent ‘free’ knowledge and
skills that do not require direct programming (for reviews see Melvin-Brown et al., 2022;
Wooderson et al., 2022). For example, foreign tact training (FTT; see picture/say foreign word)
has proven effective in generating emergent intraverbals, mands, and listener behavior in
addition to directly trained tacts. However, little is known about the long-term retention of
emergent learning following FTT, as existing FTT research primarily focuses on short-term
maintenance (i.e., one month or less) and discrete-trial training procedures (Wooderson et al.,
2022).

Further research is needed as long-term retention is a critical outcome of effective

vocabulary instruction. In an earlier study (Study 3), improved retention of emergent Korean
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intraverbals was observed up to six months after training with fluency-based overlearning trials
compared to training to an accuracy criterion. It remains unclear, though, whether the
improvements resulted from increased practice due to longer training duration and more trials in
the overlearning condition.

The current study aims to fill this gap by systematically examining how different practice
testing methods affect the retention of emergent Korean vocabulary among English-speaking
adults. Specifically, we compare the outcomes of free-operant and restricted-operant testing on
the retention of both emergent and directly trained vocabulary over a six-month period. Free-
operant practice allows learners to set their own pace and complete as many test trials as possible
within the time available for practice, promoting high rates of retrieval practice, fluent
performance, and optimizing retention (Evans et al., 2021; Martinho et al., 2021). In contrast,
restricted-operant practice involves instructor-controlled presentation of test trials, often resulting
in interruptions and fewer practice trials per instructional period (Lindsley, 1996, Johnson &
Layng, 1996).

Despite these theoretical advantages, previous research has shown mixed results regarding
the retention superiority of free-operant over restricted-operant practice (Darvell, 2006; Kong,
2009; Mathews, 2010; McGregor, 2006; Porritt et al., 2009; Wheetley, 2005). These studies
attempted to control the amount of practice by yoking the number of restricted-operant test trials
with the number of free-operant trials, resulting in the same number of test trials in both
conditions but producing comparatively longer sessions and total training time for restricted-
operant practice. This approach prevents a direct evaluation of testing dosage and its impact on
retention. Several laboratory-based studies have demonstrated the benefits of increased practice

test dosage (e.g., Pavlik & Anderson, 2005; Roediger & Karpicke, 2006; Wheeler & Roediger,
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1992). However, few applied studies to date have manipulated test trial quantities, and those that
did showed small effect sizes (e.g., Foss & Pirozzolo, 2017; Leeming, 2002), indicating a need
for further research examining the effects of practice test dosage on retention (Agarwal et al.,
2021).

We hypothesize that free-operant practice testing will lead to better retention due to the
increased number of practice test trials in comparison with restricted-operant practice. To our
knowledge, no study has directly assessed the effects of free-operant high-density testing on the
retention of emergent foreign vocabulary learning. To investigate this hypothesis, we conducted
two experiments with native English-speaking adults learning Korean vocabulary. The first
experiment compared retention outcomes of free-operant and restricted-operant testing methods
with monthly retention probes over six months. The second experiment followed the unexpected
results observed in Experiment 2 by evaluating the impact of weekly spaced tests following
retraining of vocabulary not retained in the first experiment.

Experiment 2

The research question examined in Experiment 2 was: Does an intertrial interval during
training affect the retention accuracy and response rate of emergent and directly trained foreign
language vocabulary learning during post-testing? We anticipated that imposing a programmed
response constraint during practice sessions would reduce the total number of trials and
negatively impact both the response rate and retention levels.

8.3 Method

8.31 Participants and setting

This study involved two native English-speaking adults with graduate-level qualifications

(Table 1). Both participants expressed an interest in learning a foreign language and volunteered
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for the study. Participant 1 (P1), a 43-year-old male, had previously acquired basic proficiency in
Spanish and Japanese while living abroad. Participant 2 (P2), a 27-year-old female, was raised in
a bilingual Japanese-speaking household. Notably, neither had formal training in the Korean
language, except for their participation in a previous experiment (Study 3). The previous and
current experiments were conducted online and recorded using Microsoft Teams. Participants
attended the sessions from their home personal computers.

Table 1

Participants’ gender, age, ethnicity, education level, and experience with a second language.

Participant Second language
Gender Age Ethnicity Education level
ID experience
P1 Male 43  European Australian Graduate Spanish, Japanese
P2 Female 27  Japanese Australian Graduate Japanese

8.32 Materials and stimulus sets

The study used 60 Korean words, organized into three categories and six stimulus sets
(Table 2). We balanced the difficulty of these sets using procedures similar to those outlined by
in Study 3. Each set contained 10 nouns, with an equal distribution of one-, two-, and three-
syllable words, and distinct word configurations and contrasting visual shapes and colors. Sets
were randomly assigned and counterbalanced across participants to control for any order effects.
Additionally, the presentation order of stimuli was randomized using custom JavaScript code

(Cariveau et al., 2021; Shepley et al., 2020). Each stimulus set's materials included a
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pronunciation guide featuring pictures of the 10 target words alongside their corresponding
Romanized Korean text. The guides were verified by a native Korean speaker.
Table 2

Target Korean words and their English equivalents

Body Parts Animals Common nouns
Set 1 Set 2 Set 3 Set 4 Set 5 Set 6
Korean English Korean English Korean English Korean English Korean English Korean English
ohm-jee thumb dar-ree legs nuk-deh wolf sar-sum deer gorng ball chehk book
ee-barl tooth ohk-geh shoulder geh dog sor cow gee-char train johp-shee plate
parl-goom-chee elbow sorn-gar-rark  fingers dark chicken marl horse mor-jar hat shin-barl shoes
byarm cheek gwee ear dweh-jee pig yohm-sor goat jar-dorng-char car jar-john-goh bike
moo-rup knee ip-sool lips mool-gor-gee fish gor-yarng-ce cat wee-jar chair yarng-marl sock
mork neck noon eye goh-wee goose tar-jor ostrich york-jor bath darm-yor blanket
ee-mar forehead moh-ree head nark-tar camel kool-bohl bee jip house gort flower
sorn hand barl foot kor-ki-ree elephant | geh-goo-ree frog ar-gee baby yohl-seh key
kor nose tohk chin yarng sheep behm snake kar-barng bag goh-ool mirror
beh belly hyoh tongue geh-mee ant sar-jar lion marng-chee hammer pen-chee pliers

Training and testing materials consisted of three types of digital flashcards: picture cards,
English cards (English printed words), and Korean cards (Korean Romanized printed words). In
total, there were 180 flashcards, each measuring 400 x 380 pixels. Picture cards featured color
images obtained from Google Image Search on a white background. English and Korean cards
displayed text in black Arial font at 90-point size, also on a white background. Participants
accessed these flashcards through a custom-developed HTML webpage coded in JavaScript and
hosted on a private Amazon Web Services server.

The experimental program’s on-screen controls included two buttons: ‘start timer’ and
‘next card.” Upon pressing the ‘start timer’ button, an on-screen 60-second timer commenced.

Flashcards were randomly selected from the target stimulus set by the software program.
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Participants revealed flashcards by pressing the ‘next card’ button until the timer reached zero, at
which point the on-screen controls were disabled. During pre-assessment, baseline, delay
training, and the initial phase of no-delay training, only one flashcard at a time was displayed on
the screen. During post-tests and the second training phase of the no-delay condition, all 10
flashcards from the target stimulus set were presented simultaneously in a 5x2 grid, arranged in

randomized order.

8.33 Pre-experimental conditions

Before the first experiment, we conducted pre-assessment tests to ensure participants could
correctly pronounce all 60 Korean words. The experimenter read the words aloud from the
pronunciation guides and asked the participants to repeat what was said, without showing the
pronunciation guide to them. During a second session the following day, participants were asked
to identify the English words they preferred for each picture card. We ensured that the English
card materials matched participants’ preferences, thereby mitigating potential confusion or errors
during post-testing.

8.4 Experimental design and procedures

The experiment employed a concurrent multiple-probe across stimulus sets with an
embedded adapted alternating treatments design. This approach compared the effects of free-
operant (no-delay) tact trials and restricted-operant (delay) tact trials on the acquisition and
retention of emergent and directly trained foreign language vocabulary. Monthly post-test probes
tested retention, with participants instructed not to practice outside of session times. Ethical
approval for the study was provided by the University of Technology Sydney Human Research

Ethics Committee (ETH22-7405).
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8.41 Dependent variables

The primary dependent variables were directly trained tacts (see picture card/ say Korean
word) and emergent native-to-foreign intraverbal responses (NFI; see English card/ say Korean
word). The final post-test session included emergent listener responses (see Korean card/ select

English card) and foreign-to-native intraverbal probes (FNI; see Korean card/ say English word).

8.42 General procedure

All baseline, training, and post-test sessions were conducted as a series of one-minute trial
blocks, referred to throughout the study as timings. Each timing lasted exactly sixty seconds
across all conditions, and no feedback was delivered within timings. In the current study, we did
not equate the number of trials because our aim was to compare training with more versus fewer
practice trials, while keeping instructional time constant.

We conducted twelve to sixteen timings per day on weekdays. Immediately before the first
timing of each session, the experimenter read the instructions for that condition (Study 3).
Throughout all training sessions, prior to the first daily timing for each stimulus set, the
experimenter showed the pronunciation guide onscreen for 30 seconds, then demonstrated and
prompted the participant to repeat each Korean word once. At the conclusion of each 60-second
timing, the same pronunciation guide was presented for an additional 30 seconds while any
errors were reviewed by the experimenter and participant. While reviewing errors, the
experimenter pointed to the associated on-screen picture and Romanized Korean text, then
vocalized the correct pronunciation. To avoid any direct NFI or FNI training, the English referent
was not used. The total duration of time participants spent viewing the pronunciation guides was

consistent across both conditions.
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We implemented the same number of timings for both training types to ensure equal
duration of instruction across conditions. Additionally, we randomly alternated the order of
presentation so that on some days, training commenced with the first stimulus set, while on other
days, the second stimulus set was trained initially. Set assignment and sequencing were also
counterbalanced across participants.

The experimenter continuously recorded correct and incorrect responses on electronic
datasheets during baseline, training, and post-test timings. Correct responses were noted when
the participant: a) vocalized the target Korean word in the presence of a picture card (tact) or
English card (NFI), b) vocalized an equivalent English word in the presence of a Korean card
(FNI; synonyms, plural and singular variations were acceptable), or c) selected the equivalent
English flashcard when presented with the referent Korean card (listener response). Incorrect
responses were recorded if participants responded with the wrong word, 'don't know', the wrong
verbal operant (e.g., saying an English word in response to a picture card), or selected the wrong
flashcard. The experimenter calculated response rates by counting the number of correct
responses recorded per minute; accuracy scores were determined for each one-minute trial block
by dividing the number of correct responses by the total number of responses (correct and

incorrect), then multiplying the result by 100.

8.43 Baseline

Before training commenced, we conducted probe timings without feedback using NFI
relations. Tact relations were not tested during baseline unless the participant emitted the correct
NFI response, which none of the participants did. This was particularly important as we were
simultaneously conducting tact training with other stimuli and wanted to avoid any potential

interference.
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8.44 No-delay training

No-delay tests consisted of free-operant procedures without programmed delays between
trials. After each timing, the experimenter provided feedback on the number of correct responses
(response rate). Participants were reminded of the fluency aim—100-80 tacts per minute with no
errors for two consecutive timings (Study 3)—and were encouraged to improve their
performance if they had not yet achieved this aim.

Observation indicated that presenting picture cards one at a time limited participants’
response rate (Johnson & Layng, 1996) to 70-60 correct tacts per minute during the no-delay
tests. Consequently, when performance failed to improve (i.e., less than 1.25 times the
participant’s previous day’s best timing; Binder, 1996), we slightly modified the practice
conditions to encourage increased rates of responding. In the adjusted acquisition phase, all 10
flashcards were shown on screen simultaneously within a randomly arranged 5x2 grid, and
participants were instructed to tact each picture card from the top left to the bottom right before

advancing to the next arrangement of cards.

8.45 Delay training

Delay training timings were restricted-operant procedures and implemented a three-second
intertrial delay between each flashcard presentation (Kong, 2009; McGregor, 2006). Throughout
delay timings, only one flashcard was presented per trial. After pressing the 'next card' button,
the screen went blank for three seconds before the next picture card appeared on screen.
Following each timing, the experimenter delivered feedback to the participant on the percentage
of correct responses and encouraged them to improve their accuracy if they had not achieved the

100% correct criterion.
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While feedback on response rate was not provided to participants during delay training, we
recorded rate data for comparison with the no-delay condition. To adjust for the three-second

intertrial delay, we used the following formula to calculate the response rate:

number of correct responses X 60

adjusted rate = -
/ 60 — 3 X ( number of correct responses + number of incorrect responses)

This adjustment allowed us to fairly compare the response rates between the delay and no-delay

conditions.

8.46 Post-tests

If the number of no-delay and delay timings were equal, the first NFI post-test probes
occurred immediately after participants achieved the fluency criteria. If not, the experimenter
conducted additional timings using the delay stimuli to ensure an equal number and duration of
timings across both types of training. To prevent the pronunciation guide from influencing post-
test results, it was omitted after the final training timing.

Immediately after the first NFI timings, one tact timing using the free-operant procedures
was conducted to check participants’ unconstrained response rates with the delay stimuli.
Subsequently, all monthly post-test sessions included three NFI timings and three tact timings, in
that order, with no performance feedback provided during or following post-test timings. Post-
tests were repeated monthly for six months, with the final post-test session comprising twelve

timings per set—3 x NFI, 3 x tact, 3 x FNI, and 3 x listener relations.

8.47 Interobserver agreement and treatment integrity

A second observer independently collected data on 31.6% of the timings across all
baseline, training, and post-test phases via video recordings. Agreement between the

experimenter and the second observer was scored when both recorded the same response for a
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trial. The mean interobserver agreement was 99.7% for baseline and post-test phases, and 99.4%
for training.

Treatment integrity was assessed by both observers. The first author reviewed all
recordings and scored the experimenter’s implementation of the procedures across all phases of
the study: timings lasted sixty seconds, no instructional prompts and feedback were given during
timings, and feedback was withheld for baseline and post-test timings. Mean treatment integrity
across all observed trials was 99.9%, with 99.8% for baseline and post-test timings and 100% for
training timings. In one post-test timing, the experimenter incorrectly stated the number of
correct intraverbal responses when feedback should have been withheld. The second observer
completed the same checks while viewing the interobserver assessment recordings. Agreement
between the two observers was 100%.

8.5 Results and discussion

8.51 Training

Figure 1 displays the results of the tact training phases. The top three panels show the
percentage of correct responses across both conditions and all six stimulus sets. Participant 1
required 43 timings to meet the initial accuracy criterion across all six sets, while P2 needed 41
timings. The bottom three panels show participants’ response rates with the no-delay stimuli.
Participant 1 achieved the fluency criteria across all three no-delay stimulus sets in 71 timings,
whereas P2 took 72 timings. On average, P1 completed 16 overlearning timings (i.e., timings

with 100% accuracy) per set, and P2 completed 16.5 overlearning timings per set.
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Figure 1
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Note. The y-axis for the bottom three panels is logarithmic. There was a phase change in which
the number of picture cards increased from one card per screen to ten. Following this change,

participants successfully achieved the fluency criteria within the next session.

Table 3 shows the total number of training trials conducted with each set: 1796 tact trials in
the delay condition and 7552 for no-delay timings, which is more than four times as many trials
overall. Despite this, total training time was the same for both conditions: 143 minutes (M = 23.8

minutes per set) for tact timings and 79 minutes (M = 13.2 minutes per set) spent viewing the

pronunciation guides.
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Table 3

Number of tact trials per stimulus set compared with post-test accuracy

Number of tact Mean NFI post-test
Participant ~ Training type Stimulus set
training trials accuracy
1 945 34.3%
No-delay 3 1525 41.8%
5 1134 25%
P1
2 287 26.4%
Delay 4 365 9.2%
6 297 26.1%
2 1204 62.1%
No-delay 4 1350 16.1%
6 1394 25.3%
P2
1 248 36.8%
Delay 3 317 53.5%
5 282 47%

Note. NFI = Native-to-foreign intraverbal

8.52 Native-to-foreign intraverbal post-tests

Neither participant responded correctly during NFI baseline probes (Figure 2). However,
accuracy immediately following training was 100% in all but 3 of 36 initial NFI post-test

timings. During these initial post-tests, mean response rates were slightly higher with the no-
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delay stimuli (M = 55.2 corrects per minute) compared to the delay stimuli (M = 49.9 corrects
per minute).
Figure 2

Baseline and Monthly Post-Test Intraverbal Probes
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Note. PT = Post-test. BL = Baseline. The data points shown in the line graphs represent native-
to-foreign intraverbal accuracy probes and are measured as percentage of correct responses on
the left-hand y-axis. Columns represent mean response rate and are measured as corrects per
minute on the right-hand y-axis. Post-tests were conducted monthly up to six months post-
training.

Both participants’ performance levels decreased substantially one month after training,
then stabilized at low levels across the remaining retention testing period. Participant 1’s mean
accuracy for the six months following initial post-tests was 19% (no-delay = 25%, delay = 13%).
Visual analysis of P1’s retention accuracy and response rate data suggests better performance
with Set 1 (no-delay), Set 3 (no-delay), and Set 6 (delay). Participant 2°s mean accuracy for the
same period was 32% (no-delay = 26%, delay = 37%). Her retention accuracy and response rate

were highest for Set 2 (no-delay), Set 3 (delay), and Set 5 (delay).
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A Mann-Whitney U independent samples t-test indicated no significant differences
between NFI post-test scores for no-delay stimuli (Mdn = 7.4) and delay stimuli (Mdn = 7.8), U
=1692, p=.571. Taken as a whole, the data suggest the absence of a functional relation between
training type and retention. Furthermore, Spearman’s rank-order test revealed no significant
correlation between the quantity of training trials conducted with each stimulus set and the mean

percent correct score observed during post-test timings, 7 (11) =-.252, p =.792.

8.53 Tact post-tests

We conducted monthly tact probes following NFI probes. Visual analysis showed that tact
post-test performance closely matched NFI post-test scores (Figures 2 and 3). Spearman’s rank-
order test revealed a significant strong positive correlation between tact and NFI post-test scores,
r(216) = .860, p <.001. Participants’ post-test accuracy was slightly higher with tact relations
(M = 30.2%) than with NFI relations (M = 25.3%). A Wilcoxon Signed-Ranks test indicated that
this difference was unlikely to be due to chance (Z = 4.6, p <.001). Participant 1’s mean
accuracy score was 23% for tact post-test timings and 19% for NFI post-test timings. Similarly,

P2’s mean accuracy score was 38% for tacts and 32% for NFI tests.
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Figure 3

Training and Monthly Post-Test Tact Probes
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Note. PT = Post-test. The data points shown in the line graphs represent tact accuracy probes and
are measured as percentage of correct responses on the left-hand y-axis. Columns represent mean
response rate and are measured as corrects per minute on the right-hand y-axis. Training probes
were the final three timings conducted with each stimulus set. Post-tests were conducted monthly
up to six months post-training.

The only notable differences between no-delay and delay training were observed in the
terminal training response rates. The mean response rate recorded with no-delay stimuli during
the final three training timings was 82.5 corrects per minute, approximately double the rate
observed with delay stimuli (40.9 corrects per minute). However, when we re-tested the delay
stimuli using the tact relations with one post-test timing immediately following training—
displaying all 10 flashcards on screen simultaneously—much higher response rates were
observed (data not shown). In fact, P1’s rate of responding with the delay stimuli met fluency
criteria, with a mean of 84 corrects per minute (range: 81-87), comparable to the terminal

response rate he achieved with the no-delay stimuli. Participant 2’s tact response rate with the
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delay stimuli also improved under free-operant conditions but fell short of the fluency criteria,

with a mean of 68 corrects per minute (range: 66 — 71).

8.54 Foreign-to-native intraverbal and listener post-tests

During the final post-test session, FNI and listener response probes were added (Figure 4).
Six months post-training participants demonstrated high levels of emergent listener responses (M
= 95.8%, range: 80% — 100%) without previous direct training or testing with these relations.
Foreign-to-native intraverbal responses also emerged without training or prior testing (M =
46.2%, range: 12.9% — 80%). Notably, both participants scored higher in the reverse-intraverbal
FNI tests than the NFI and tact timings during the final post-test probes.
Figure 4

Foreign-To-Native Intraverbal Probes and Listener Probes
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Note. FNI = Foreign-to-native intraverbal. LIS = Listener response.
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8.55 Post-hoc analysis of target words

Finally, we conducted statistical analyses to identify any differences between the
experimental stimuli that may have impacted retention. Three non-parametric one-way ANOVA
tests were performed to compare the effects of word category (body parts, animals, or common
nouns), number of syllables (1,2 or 3), and the initial vowel or consonant sound on participants’
accuracy during NFI testing. Kruskal-Wallis tests showed no statistically significant differences
between words based on category (H (2, 120) = 3.36, p = .187), number of syllables (H (2, 120)

= 1.58, p = .454), or initial sounds (H (17, 120) =21.2, p = .218).

8.56 Preferences

After the final post-test session, the experimenter asked the participants which condition
they preferred. Both indicated a preference for the free-operant (no-delay) condition.
8.6 Summary

In Experiment 2, the inclusion of an intertrial interval during training did not appear to
affect the retention accuracy and response rate of emergent and directly trained foreign language
vocabulary learning during post-testing. High levels of accurate and fluent performance were
observed with directly trained and emergent Korean vocabulary immediately following both FTT
conditions. However, subsequent delayed post-tests revealed a substantial drop in performance
just one month later. Overall retention levels were low in both conditions throughout the six-
month retention testing period.

Experiment 3
Experiment 3 followed up on Experiment 2 by examining whether changes to the testing

arrangements during the first month of post-training would improve retention. This approach was
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inductive, guided by the earlier finding that weekly post-testing in Experiment 1 produced
superior retention outcomes during the first month post-training. Specifically, Experiment 3
evaluated the effects of spaced weekly tests after retraining tact relations that participants failed
to retain in the first experiment, addressing the research question: Do weekly practice tests and
feedback affect the retention of emergent and directly trained foreign language vocabulary
learning?

8.7 Method

8.71 Participants and setting

Experiment 3 commenced approximately one month after Experiment 2’s final post-tests.

The participants and settings remained unchanged from Experiment 2.

8.72 Materials and stimulus sets

Experiment 3 utilized a subset of the materials from Experiment 2, including 30 words that
required retraining (Table 4). Specifically, any Korean word (tact and NFI relations) that a
participant could not remember during the final five months of post-testing was included in the
pool of potential targets; words emitted correctly on one or more occasions were excluded.
Subsequently, we randomly assigned thirty words across three stimulus sets (10 words per set)

for each participant.
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Target Korean (English) words

Retention of emergent foreign vocabulary

Participant 1

Participant 2

Set la (testing with

Set 2a (testing without

Set 3a (delayed testing)

Set 1b (testing without

Set 2b (testing with

Set 3b (delayed testing)

feedback) feedback) feedback) feedback)
noon (eye) behm (snake) gorng (ball) ee-barl (tooth) moo-rup (knee) ohm-jee (thumb)
gort (flower) geh (dog) sorn (hand) sar-sum (deer) ee-mar (forehead) geh-mee (ant)
mork (neck) jip (house) marl (horse) dar-ree (legs) sar-jar (lion) yohm-sor (goat)
gwee (ear) chehk (book) tohk (chin) goh-wee (goose) kool-bohl (bee) mor-jar (hat)
york-jor (bath) wee-jar (chair) darm-yor (blanket) tar-jor (ostrich) gee-char (train) johp-shee (plate)

gee-char (train)

goh-wee (goose)
sar-sum (deer)
dar-ree (legs)

gor-yang-ee (cat)

marng-chee (hammer)
ee-barl (tooth)
ar-gee (baby)
yohl-seh (key)

sorn-gar-rark (fingers)

ee-mar (forehead)

johp-shee (plate)
kool-bohl (bee)
dweh-jee (pig)

geh-goo-ree (frog)

marng-chee (hammer)
ar-gee (baby)
gort (flower)
chehk (book)

sorn-gar-rark (fingers)

yarng-marl (sock)

darm-yor (blanket)
sorn (hand)
geh (dog)

jar-john-goh (bike)

yohl-seh (key)
pehn-chee (pliers)
gwee (ear)
sor (cow)

geh-goo-ree (frog)

8.73 Response measurement and dependent variables

Experiment 3 employed the NFI and tact response measurement procedures and dependent

variables from Experiment 2.

8.74 Experimental design and procedures

A concurrent delayed multiple-baseline design across conditions and stimulus sets was

used to assess the effects of weekly tests and corrective foreign tact feedback on retention

accuracy and response rates with emergent and directly trained relations.

8.75 Baseline

Prior to retraining, three NFI probes under extinction were conducted with each stimulus

set to confirm that participants could not verbally produce the foreign word when presented with
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its native equivalent. As with Experiment 2, tact relations were not tested during baseline unless

the participant emitted the correct NFI response.

8.76 Retraining

After the baseline phase, participants completed tact retraining using the procedures
established in the second acquisition phase of Experiment 2's no-delay training condition, where
all 10 picture cards were presented simultaneously on the screen. Unlike Experiment 2, we did
not attempt to maintain the same number of timings and training duration across stimulus sets.
The retraining mastery criteria were the same across all three comparison conditions. Participants
were required to achieve 100-80 tacts per minute with no errors for two consecutive timings with
each stimulus set before commencing post-tests.

Post-test procedures

Post-tests were conducted using three procedures: weekly-testing-with-feedback, weekly-
testing-without-feedback, and delayed-testing. We randomly assigned stimulus sets and
counterbalanced the sequencing for each of these conditions. Each post-test session included
three NFI timings followed by three tact timings. The initial post-tests took place immediately
after participants achieved the fluency criteria. The final post-tests occurred four weeks later,
during which no modelling or feedback was provided to participants.
Weekly-testing-with-feedback

Throughout all timings during the weekly post-test sessions with the weekly-testing-with-
feedback condition, the experimenter told the participant their response rate, presented the
pronunciation guide for thirty seconds, and modelled any words the participant failed to emit
correctly. Consistent with Experiment 2’s general procedure, the experimenter provided

corrective foreign tact feedback, excluding any English referents to avoid direct training with the
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NFI relations. The pronunciation guide was withheld before the first timing to assess retention
levels after one week without practice. Post-tests were conducted weekly for four weeks. During
the final post-test, the experimenter gave only neutral feedback after each timing, and the
pronunciation guide was not shown.
Weekly-testing-without-feedback

Testing-without-feedback sessions were also conducted weekly until the final session,
four weeks post-training. Only neutral feedback was given after each timing, and the
pronunciation guide was not shown.
Delayed-testing

In the delayed-testing condition, there were just two post-test sessions: the initial post-
training tests and the final session four weeks later. Throughout delayed-testing, only neutral

feedback was given, and pronunciation guides were not shown to participants.

8.77 Interobserver agreement and treatment integrity

Agreement and integrity checks were conducted in the same manner as Experiment 2 for
30.9% of the timings across all baseline, retraining, and post-test phases. Mean interobserver
agreement was 99.1%. Treatment integrity was maintained at 100% across all observed trials,

with 100% agreement between the two observers.

8.8 Results and discussion
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8.81 Retraining

Figure 5 depicts the results of the retraining phases. Participant 1 achieved the acquisition
criteria with Set 1a in 7 timings (10.5 minutes total training time); Sets 2a and 3a, required 6
timings each (9 minutes). Participant 2 took 16 (24 minutes), 13 (19.5 minutes), and 15 (22.5
minutes) timings respectively for Sets 1b, 2b, and 3b.

Figure S

Tact retraining accuracy and response rates
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is logarithmic.
8.82 Native-to-foreign intraverbal post-tests

All baseline NFI probes scored 0% (Figure 6). Immediately after training, performance
with the untrained NFI relations improved across all stimulus sets for both participants—17 of
the 18 initial NFI probes scored 100%, and the mean response rate was 62.1 corrects per minute
(range: 55.7 — 69.7). Similar to Experiment 2, performance decreased substantially at the second

post-testing session. Participant 1’s accuracy changed from 100% to 53.3% in Set 1a, and 100%
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to 51.9% in Set 2a. Participant 2’s performance went from 100% down to 58.3% with Set 1b,
and 100% down to 28% with Set 2b.
Figure 6

Baseline and Post-Test Intraverbal Probes
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Note. PT = Post-test. BL = Baseline. The data points shown in the line graphs represent native-
to-foreign intraverbal accuracy probes and are measured as percentage of correct responses on
the left-hand y-axis. Columns represent mean response rate and are measured as corrects per
minute on the right-hand y-axis. Post-tests were conducted immediately following training then

weekly up to four weeks post-training, or once after four weeks.

Over the final three weeks, the two participants’ performance levels gradually improved
through weekly testing— with and without feedback. Improvements were most evident from the
results of the first timing conducted each week, which assessed the number of words each
participant retained from the previous week’s tests. Participant 1’°s accuracy with the weekly-

testing-with-feedback set increased from 78% to 98%, and from 48% to 60% with the weekly-
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testing-without-feedback set. Participant 2 improved her accuracy with the weekly-testing-with-
feedback set from 80% to 90%, and 87% to 98% with the weekly-testing-without-feedback set.
The greatest improvements were observed in the tests that included corrective foreign tact
feedback. Consequently, both participants’ performance with the weekly-testing-with-feedback
stimuli exceeded 97% accuracy in the final week of testing (range: 97.5 — 100) and their
response rates were similar to or exceeded the initial post-test results. The results for the delayed-
testing stimuli, on the other hand, dropped to levels that were comparable with baseline. By the
fourth week after training, in the absence of weekly testing, mean scores for the delayed-testing

stimuli had fallen to 6.3% and 2.8 corrects per minute.

8.83 Tact post-tests

Consistent with Experiment 2, post-test tact results (Figure 7) generally mirrored the NFI
results, except for participants’ performance during the weekly-testing-with-feedback timings.
Both participants demonstrated very high levels of accuracy and fluency during these timings
because they were conducted immediately after the NFI timings, which included corrective
foreign tact feedback. Consequently, the retention interval for tact post-tests during the first three
weeks of post-training was a few minutes rather than days. The exception was the final post-test
sessions, where all modeling and corrective feedback were withheld. In this session, following a
one-week retention interval, both participants demonstrated foreign tact performance that

exceeded fluency-criterion levels.

Figure 7
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Training and Post-Test Tact Probes
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Note. PT = Post-test. The data points shown in the line graphs represent tact accuracy probes and
are measured as percentage of correct responses on the left-hand y-axis. Training probes were
the final three timings conducted with each stimulus set. Columns represent mean response rate
and are measured as corrects per minute on the right-hand y-axis. Post-tests were conducted
monthly one to six months post-training.
8.9 General discussion

The goal of Experiment 2 was to compare the emergent-learning retention outcomes of
free- and restricted-operant FTT while controlling for total training time. We expected that free-
operant FTT would provide more testing opportunities and produce better retention than the
same duration of restricted-operant FTT. Overall, there were more than four times as many trials
in the free-operant condition, but we found no functional relation between training type and level
of retention. Although free-operant FTT increased test dosage, it did not consistently improve
retention. Extended testing failed to produce long-term criterion-level retention for any of the
stimulus sets. However, retention of some of the words remained stable over the final five

months of post-testing, and both participants retained some directly trained tact and emergent
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NFI and FNI relations for six months without feedback or correction. Additionally, both
participants demonstrated high levels of accurate untrained listener behavior with all stimulus
sets six months after FTT. Participants indicated a preference for the free-operant condition
despite none of the outcomes being dependent on training type.

We anticipated that the programmed constraints (i.e., the three-second intertrial delay)
would suppress participants’ response rates with the restricted-operant stimuli, and this was
evident for P2. However, removing the intertrial delay and re-testing P1 with the restricted-
operant stimuli after training ended, resulted in fluent criterion-level tacting. This observation
suggests that as some learners become more proficient, they tend to respond more quickly with
both free- and restricted-operant stimuli (Darvell, 2006; Kong, 2009; Wheetley, 2005).

The precise reasons for the lack of a functional relation between training type and retention
in Experiment 2 are unclear. We considered the results may have been due to differences
between stimulus set pairs (Cariveau et al., 2021; Shepley et al., 2020). However, a range of
strategies were used to equate stimulus sets, and participants managed to achieve the accuracy
criteria with a similar number of training timings. Furthermore, we conducted statistical analysis
to identify potential confounds associated with the stimuli but found no significant differences
based on word category, number of syllables, or initial sounds.

Another possible reason for the unexpected results observed in Experiment 2 is that the
retention improvements produced by high-density testing in free-operant FTT may have been
counterbalanced by spacing effects (Rohrer, 2009). Rohrer argued that while training with
extended testing improves immediate recall and short-term retention (i.e., less than one week),
these benefits come with a cost. As the rate of testing increases during free-operant timings, trial-

spacing decreases. High-density, free-operant practice may enhance immediate performance, but
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it can be detrimental to long-term retention if it lacks adequate spacing. According to the
distributed practice effect, when learning trials are spread out over a longer period rather than
massed together, retention improves (Carpenter et al., 2022). In Experiment 2, free-operant FTT
provided high rates of testing and minimal intertrial delay; consequently, testing density
gradually increased and spacing between trials became increasingly shorter, potentially
negatively affecting retention (Karpicke & Bauernschmidt, 2011; Zigterman et al., 2015).
Subsequent changes to testing during Experiment 3 introduced weekly spaced sessions and
positively impacted retention.

In Experiment 3, we evaluated the effects of conducting weekly free-operant tests for four
weeks after re-training 30 foreign tact relations that participants failed to retain in Experiment 2.
The results of Experiment 3, when compared with Experiment 2, demonstrated improved
retention of emergent and directly trained vocabulary when free-operant practice was spaced
weekly for one month post-training.

When we withheld test opportunities for four weeks post-training, performance levels were
comparable to those at baseline. Weekly tests in the absence of feedback, on the other hand,
resulted in improved performance above baseline levels but below the criterion. Weekly tests and
corrective foreign tact feedback produced the highest levels of retention four weeks post-
training; retention accuracy and response rates gradually improved until they were similar with
or exceeded the mastery criterion. These results indicate the importance of corrective feedback in
enhancing retention.

These findings indicate that spacing testing weekly not only maintained but improved
retention of emergent NFI and trained tact relations. Prior to the implementation of spaced tests,

retention accuracy decreased by at least 40% one week after participants achieved the mastery
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criteria. Both participants’ performances incrementally improved with the introduction of tests
and a one-week retention interval, suggesting that retention increased as a function of spacing,
both with and without feedback. However, we are unsure if these improvements would have
continued in the absence of feedback had we extended the study beyond four weeks.
Participants’ response rates in the weekly-testing-without-feedback condition maintained an

increasing trend at the conclusion of the study, but accuracy appeared to level off.

8.91 Limitations

The studies were conducted with only two participants, which limits the generalizability of
the findings. However, the use of single case experimental design and within-subject replication
in Experiment 2 allowed for precise examination of behavioral variability at the individual level,
an approach that has not previously been employed in the existing FTT literature (Wooderson et
al., 2022). Future research should include replication with larger sample sizes to confirm these
results and better understand individual variability in response to different testing methods.

While our findings suggest retention of emergent and directly trained foreign vocabulary
improves when tests are spaced weekly, we hesitate to draw definitive conclusions due to some
limitations in the research design of Experiment 3. Specifically, we intentionally withheld
practice-test opportunities for four weeks during the delayed-testing condition to compare the
retention levels observed in the absence of weekly testing with those following a weekly
schedule. The results were consistent with Experiment 2: words that participants previously
failed to retain one-month post-training once again returned to baseline levels after one month of
retraining. However, the delayed-testing condition was much shorter than the weekly testing
conditions, consisting of just two sessions—only two-fifths of the total post-training test duration

provided by each weekly-testing condition. While we do not believe this was the cause of the
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differentiated results in Experiment 3, primarily due to the equivocal effects produced with high-
density testing in Experiment 2, future research could systematically replicate the current study
to control for potential practice effects. One approach would be to increase the duration of testing
with the delayed-testing stimuli during the first post-test so that it provides the same total

duration of practice-testing as the other two conditions.

8.92 Conclusion

Experiment 3 was informed by and built upon the attempts in Experiment 2 to understand
the role of testing in the retention of emergent foreign language vocabulary learning. Experiment
2 revealed that free-operant high-density testing had an equivocal impact on retention of
emergent and directly trained Korean vocabulary. Experiment 3 demonstrated improved
retention following the introduction of spaced testing sessions. These results suggest that merely
increasing the number of tests without considering other factors like trial spacing may not
enhance long-term retention of vocabulary. This challenges the longstanding convention that
extended practice is a key variable for retention. More practice may not always be better, and
extended practice may not be a sufficient cause that is primary over other variables such as
spacing of trials and feedback frequency. The practical implications of these findings for
educators include the recommendation to implement weekly spaced testing sessions and
corrective feedback to enhance the long-term retention of vocabulary in foreign language
curricula. This approach can be more effective than increasing the number of tests within a short
period, which could lead to improved learning outcomes and more efficient use of instructional
time. We recommend that future studies further evaluate the potential benefits of free-operant
spaced practice and assess the durability of retention improvements over longer periods and in

other educational contexts.
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Chapter 9: General discussion, implications, recommendations, and conclusions
9.1 General Discussion
This thesis explored the most effective and efficient methods for learners to acquire and
retain emergent FL vocabulary. The research focused on improving emergent vocabulary
retention by modifying instructional programming to assess which procedural variations to

foreign tact training led to better learning outcomes, measured up to six months after training.

9.11 Summary of the studies and their key findings

To address this overarching objective, a series of technical, descriptive, and applied
experimental investigations were conducted to explore the main research question: What
procedural modifications to the design and implementation of FTT contribute to improved
retention of emergent Korean vocabulary?

In conducting these investigations, a pragmatic inductive approach was taken, where each
investigation’s findings informed the next. Chapters 3 and 4 addressed the first four research
sub-questions:
a) How does one extract graphical data for re-analysis from published SCED graphs using a
data extraction software program?
b) What are the effects of FTT on emergent learning outcomes in the published literature to
date?
c) How do FTT acquisition, emergence, and overall efficiency compare with other verbal
operant training procedures?
d) Does FTT produce higher levels of emergent responding for adults or children?

The systematic review (Study 2, Chapter 4) used the protocols developed in Study 1

(Chapter 3) to extract data for the purpose of evaluating FTT outcomes in the published
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literature. The data included several positive short-term outcomes of FTT: Learners acquired a
range of emergent relations without the need for direct training, and FTT produced higher levels
of emergent learning more efficiently than other verbal operant procedures.

As noted throughout the thesis, emergent relations are a form of incidental learning
acquired along with intentional learning during direct training. The key benefit of FTT is its
efficiency in producing a range of verbal vocabulary responses for ‘free’ (Critchfield 2018).
These efficiencies can mitigate the considerable challenges encountered by FL learners, as
highlighted in the introduction to this thesis, that FL learners must acquire a substantial
vocabulary to communicate effectively in the FL.

The review’s (Study 2) findings showed that FTT produced criterion-level performance
in 84 of 106 (79.2%) post-tests following training and was the most effective and efficient of the
emergent learning procedures evaluated in the study. The meta-analysis revealed that FTT led to
significantly higher within-subject levels of emergent responding than other verbal operant
procedures, as well as slightly greater efficiency for both children and adults.

The primary data absent from the literature concerned long-term learning outcomes;
specifically, all 10 FTT studies in the review failed to evaluate retention. Four studies examined
maintenance of emergent learning outcomes with mixed results, but maintenance differs from
retention in that learners have opportunities to practice learning in the natural environment under
maintenance conditions. For all, particularly those individuals not immersed in the natural FL
environment, retention is a key learning outcome.

A noteworthy preliminary finding from the meta-analysis suggested a potential link
between acquisition criteria and retention. Specifically, the two studies with the least stringent

acquisition criteria (Petursdottir & Haflidadottir, 2009; Wu et al., 2019) resulted in the lowest
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levels of emergence. This finding generated the focus for the subsequent investigations: Does
production and retention of emergent relations depend on the strength of directly trained
relations? Despite the limited research in this area, existing studies indicate that implementing
stricter mastery criteria results in higher emergent responding during immediate post-testing
(e.g., Fienup & Brodsky, 2017) and at follow-up (e.g., Bucklin et al., 2000). It follows that
adjusting acquisition criteria might enhance the response strength of directly trained foreign tacts
and improve the amount of emergent learning acquired and retained over time. Teaching aims to
change the likelihood of a learner engaging in a particular response under certain circumstances -
e.g. when a student sees an object, she labels it using the correct FL. word. Vargas and
McLaughlin (1977) argued that likelihood (or inclination) cannot be measured, so we examine
how frequently learners respond—for example, by measuring how fast they can tact. When the
student is able to label objects correctly and more quickly, she is said to have improved her
ability to perform tacting. This area of inquiry has been seldom explored, but it was a significant
focus of the current thesis.

Consequently, three experiments were conducted to investigate the hypothesis that
acquisition criteria and response strength of directly trained vocabulary impact retention of
emergent foreign vocabulary. Although the results across these experiments were at times
conflicting, they collectively suggest a promising direction for future research. This research
could fundamentally transform how emergent learning procedures are developed and
implemented by identifying key instructional variables that affect retention. As highlighted in the
introduction, retention is a crucial training outcome for FL learners not immersed in a natural
linguistic community and remains a significant barrier to acquiring the extensive vocabulary

needed for fluency.
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Chapter 6 investigated the fifth research sub-question: e) Does repeated practice of
foreign tact relations beyond initial mastery (i.e., accuracy criterion) using fluency-building
procedures affect the retention accuracy of derived intraverbal relations during testing?

This initial experimental study (Study 3) aimed to address this research question and
tackle issues identified in previous studies, which had shown highly variable emergent learning
outcomes across learners. It also provided a preliminary examination of the potential link
between response strength and retention. In conducting this study, the standard discrete-trial FTT
procedure was modified to enhance learners' acquisition and retention of emergent Korean
vocabulary. These modifications were informed by literature on overlearning, which suggests
that repeated practice beyond the initial accuracy criterion improves retention (Colman, 2015;
Driskell et al., 1992). The study introduced fluency criteria and free-operant practice to the
standard FTT protocol, making it the first to do so. The results were promising, with participants
demonstrating high accuracy in emergent responding immediately following training. All five
learners achieved substantial gains in emergent Korean vocabulary both immediately after and
one month post training. Three participants showed improved retention with fluency-building at
the six-month follow-up, while one participant performed marginally better with the standard
FTT protocol. Although the exact reasons for this discrepancy were unclear initially, further
investigations with the modified FTT protocol in subsequent experiments provided additional
insights. Notably, none of the participants in the first experiment performed at criterion levels
during the six-month follow-up tests. Whether maintaining criterion-level performance for five
months without practice is a realistic goal is a difficult question to answer based on the existing
research literature. However, understanding the extent of learning retention was central to this

thesis’s key research question.
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Overall, these findings showed that retention accuracy of emergent NFI relations was
higher for stimuli taught using fluency-based overlearning procedures, suggesting a functional
relation between fluency-building and retention of emergent learning. Three out of the four
participants who completed follow-up testing six months after training exhibited better retention
in this condition. The results indicated that repeated practice beyond initial mastery criterion
improved retention of emergent relations. These preliminary findings are important contributions
to the field, as they add to our understanding of the types of training procedures that produce
long-term learning outcomes.

Chapter 8 (Studies 3 and 4) examined the final two research sub-questions:

f) Does an intertrial interval during training affect the retention accuracy and response rate of
emergent and directly trained learning during post-testing?

g) What are the effects of weekly practice tests with and without feedback on retention of
emergent and directly trained learning?

Experiment 2 (Study 4) aimed to systematically replicate and extend the findings by
modifying the research design to address potential confounds identified in the first experiment
(Study 3). Study 3 did not control for differences in the quantity of trials and duration of training
across the two comparison conditions, raising the possibility that the improved retention
outcomes were due to extended practice rather than fluency-building (Doughty et al., 2004).
However, if retention improvements were indeed a function of practice, it would be important to
consider how to maximise practice opportunities during training. This could only be determined
by incorporating controls for practice effects within the experimental design.

Previous research on fluency-building controlled for practice effects by equalising the

number of trials across the comparison conditions, with mixed results (e.g., Darvell, 2006; Kong,
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2009; Mathews, 2010; McGregor, 2006; Porritt et al., 2009; Wheetley, 2005). However, this
approach may be less desirable, as total training time is likely a more salient factor than the
number of practice trials. In educational settings, instructional time is often limited, making the
efficiency with which learning is acquired just as important as the amount of learning achieved
(Critchfield & Twyman, 2014).

Study 4 (Chapter 8) removed the accuracy training phase from the modified FTT protocol
to improve efficiency (Coyle, 2005) and equalised the training duration across the comparison
conditions to control for differences in the amount of instruction. The modified FTT protocol
was then compared with a restricted-operant protocol, which was similar in design to the
standard FTT protocol. The restricted-operant FTT procedure included a programmed three-
second intertrial delay, characteristic of discrete-trial presentation sequences. It was expected
that the modified free-operant FTT condition would provide more practice trial opportunities
than the restricted-operant FTT condition when total training time was held constant, and that
more trials would increase response strength (i.e., higher rate of responding) and, subsequently,
improve retention.

Contrary to the findings of the first experiment, results from the second experiment
(Study 4, Chapter 8) failed to demonstrate a functional relationship between training type and the
retention of emergent or directly taught FL vocabulary. Equivocal retention levels were observed
across post-tests following FTT, regardless of whether free-operant or restricted-operant
procedures were used. These findings were unexpected. First, the intertrial delay implemented in
restricted-operant FTT did not systematically affect learners’ response rates. One participant’s
terminal training response rate was similar across both conditions, suggesting that rate was not a

determining factor for retention. Second, both FTT conditions in Study 4 produced high rates of
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accurate trained tact and emergent NFI responding immediately following training, but monthly
retention probes conducted over six months post-training demonstrated equivocal differences
between the two conditions. The outcomes were undifferentiated despite there being four times
as many practice trials in the modified FTT condition.

It became apparent that other variables affecting retention had not been accounted for in
the earlier procedural modifications to FTT. Of particular interest were the weekly post-testing
results and individual retention curves from Study 3, which showed the retention patterns for the
first month post-training. The retention levels from Study 3 appeared to be much higher and
more stable compared to the data from Study 4. Notably, the results from Study 3 indicated that
two of the five participants’ response accuracy with emergent NFI relations was as high as 95%
(mean = 83.75%) one month post training following free-operant FTT and weekly testing
without feedback. In contrast, in Study 4, P1 and P2’s highest NFI response accuracy one month
after training was 50% (mean = 50%). While the exact causes remain unclear, the main
difference was that Study 3 included weekly post-tests, whereas Study 4 did not.

While devising the research questions and methodology for Study 5, the retention data
from Study 3 were reviewed in light of the conflicting findings from Study 4. This was possible
because the participants in Study 4 also took part in Study 3. These findings prompted a more
systematic examination of spacing in the third experiment, which directly compared spaced
weekly post-testing with delayed post-testing one month after training. It was hypothesised that
introducing weekly post-tests would improve retention.

The third experiment’s results (Study 5, Chapter 8) systematically reintroduced the
spaced weekly testing used in the first experiment’s post-testing phase (Study 3) and showed

improved retention compared to the delayed testing employed in Study 4. Study 5 aimed to
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address the poor retention results found in Study 4 and test the hypothesis that spaced weekly
practice improves retention, as observed in Study 3.

Study 5 commenced one month after the final post-tests of Study 4. The same two
individuals from Study 4 relearned 30 words that they had failed to retain in Study 3. Key
procedural changes were implemented during the first month of post-training, comparing free-
operant fluency-building FTT conditions with and without weekly practice. The findings
indicated a spacing effect, where weekly practice testing improved the retention of emergent NFI
relations. This outcome was consistent with the results seen in Study 3 (weekly post-testing), but
not with those in Study 4 (monthly post-testing).

Additionally, Study 5 compared conditions with and without feedback, as well as a
delayed testing condition, whereas Study 3 and 4 withheld corrective feedback during all post-
testing sessions. The results following weekly practice tests with and without feedback
demonstrated increasingly higher levels of performance across repeated one-week retention
intervals; however, the weekly practice with feedback condition produced the highest
performance levels.

The finding that spaced practice testing improves retention is far from new (Carpenter et
al., 2022; Ebbinghaus, 2013). In fact, the spacing effect is among the most consistent and well-
supported principles in learning research and has important implications for the field of emergent
learning. It is surprising, then, that it has not received more attention in the FL emergent learning
literature or been discussed more often in behaviour analysis in general (but see Johnson &
Layng, 1996). Study 5 is the first to explore this effect in the context of FL emergent learning,

offering numerous opportunities for future studies.
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Taken together, the findings of this study offer valuable insights into the factors that
influence emergent learning and retention. FTT is more efficient and effective than other
emergent learning procedures, and the use of fluency-building and spaced practice strategies
demonstrably improves FTT retention. However, to fully appreciate the practical implications of
these findings, it is important to consider both the potential benefits and drawbacks of the
implemented strategies. The following sections consider the specific findings and
recommendations from the current line of research, as well as related issues that impacted
emergent learning outcomes.

9.2 Implications for emergent learning programming

Emergent learning is efficient because learners can acquire vocabulary both explicitly
and implicitly within a single set of instructional procedures. This results in 'free' learning, where
training in one skill set can lead to proficiency in derived untaught skills (Critchfield, 2018),
thereby optimising and enhancing learning outcomes (Critchfield & Twyman, 2014). The FTT
procedures examined in this thesis reliably increased both receptive and productive language
without the need for direct training in all skills, and all participants consistently emitted a range
of emergent relations.

These results align with the behaviour analytic account of emergence, where learners are
able to emit responses not directly trained due to the development of the basic units that serve as
prerequisites for this emergent behaviour, rather than relying on cognitions, internal
representations, or insight to explain the emergence of behaviour that has no history of
reinforcement (Sidman, 1986). This is because FTT sets the occasion for learners to develop and
derive equivalence relations between key verbal and non-verbal stimuli used in vocabulary

learning: native-language words, foreign-language words, and related pictures (May et al., 2013).
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According to stimulus equivalence theory, associating a picture with its native-language referent
and its foreign-language counterpart facilitates the emergence of multiple untrained relations
(Sidman, 2018), including NFI, FNI, mands and listener behaviour. All participants
demonstrated prior knowledge of the native word during pre-assessment tests and were trained to
relate the picture cards to the foreign words during tact training. They then demonstrated mastery

of implicitly derived equivalence relations.

9.21 Recommended FTT protocol

This thesis determined that FTT is the most efficient and effective emergent learning
procedure for producing emergent foreign vocabulary. Despite FTT’s superiority over other
methods, such as FNI, NFI, and listener training, it can be further improved. This was evident in
the experiments using modified FTT procedures, which showed increased retention of both
emergent and trained vocabulary following the addition of fluency-building and spaced practice.

Several modifications to the standard FTT protocol were trialled within Studies 3, 4, and
5. The modified FTT procedure that produced the highest level of retention of emergent Korean
vocabulary (Chapter 9, Study 5) comprised the following features:

1. Daily training sessions with six to eight timings (60 seconds per timing) per day until the
learner achieves the acquisition criteria—100-80 foreign tacts per minute with no errors
across two consecutive timings.

2. Ten training stimuli presented at once in a randomised order, no feedback or instructor
interaction during timings, and the learner controls the pace of trials to limit constraints
on the rate of responding.

3. Corrective feedback on incorrect or unknown words following each timing, including

modelling of correct pronunciation.

163



Retention of emergent foreign vocabulary

4. Spaced weekly post-acquisition sessions with six to eight NFI and foreign tact timings
(60 seconds per timing) per session until the learner reacquires or exceeds the tact

acquisition criteria in the absence of practice, following a one-week retention interval.

Based on the findings of the current studies, fluency-building is a beneficial component
for improving learner’s retention of emergent learning, but may be best used in combination with
spaced practice. The spacing effect, which suggests that retention improves when learning trials
are distributed rather than massed together, is one of the most consistent findings in educational
research (Carpenter, et al., 2022). During spaced practice, learning trials are distributed over time
with periods of no practice between sessions. In contrast, massed practice sessions are
concentrated in a short period with little or no time between sessions. For example, a student
engaging in spaced practice might learn 10 new vocabulary words for 10 minutes on Monday,
practice them on Wednesday for another 10 minutes, and have a final 10-minute review on
Friday (Bloom & Shuell, 1981). A student employing massed practice, on the other hand, might
complete a single, extended learning session lasting 30 minutes in one day. Recent research
highlights the effectiveness of spaced practice for improving both immediate recall and retention
in FL learning (Kim & Webb, 2022). The key implication from these findings is that fluency-
building without the appropriate spacing of practice sessions may fail to produce meaningful,
persistent improvements in learning (Johnson & Layng 1996). However, these results should be
interpreted cautiously given that a direct comparison of massed versus spaced practice was not

conducted.
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9.22 Costs and benefits of fluency-building

Despite the positive results produced by fluency-building in Studies 3 and 5, the overall
findings call into question its benefits regarding emergent FL learning. The implementation of
fluency-building without careful consideration and planning of practice sessions may negatively
impact retention. In particular, the results of the current studies identified both costs and benefits
associated with the use of fluency-building, notably, the practice protocols employing free-
operant practice and targeting high rates of responding. These issues are not apparent in the
precision-teaching literature but are more clearly noted in the broader literature on retention and
spacing.

During free-operant FTT, participants’ rates of responding increased sharply, and the
resulting high-density tests were characterised by shorter spacing between individual word items,
which may have negatively impacted retention (Karpicke & Bauernschmidt, 2011; Zigterman et
al., 2015). Zigterman et al., for example, showed that the larger the within-session spacing
between the repetition of individual word items, the greater the improvement in retention.

On the other hand, Study 3 showed that free-operant extended practice positively
impacted retention. Notably, the highest levels of retention across all three experiments were
observed in Study 5, where free-operant practice was implemented in combination with weekly
spacing and corrective feedback. Additionally, free-operant FTT generally resulted in higher
response accuracy and rates of responding during the initial acquisition phase.

Finally, the two participants who took part in all three experiments commented that they

preferred free-operant FTT over the restricted-operant procedure.
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Taken as a whole, the findings suggest that the potential benefits of fluency-building
retrieval practice outweigh the costs when FTT is combined with appropriate spacing and free-
operant practice trials (Higham et al., 2022).

To further understand the factors affecting retention, it is also important to consider the

influence of learning materials, such as the pronunciation guides, on the learning process.

9.23 The pronunciation guide’s effect on spacing

The pronunciation guide introduced in Study 4 was implemented to improve initial
acquisition. The guide included pictures of each word along with text modelling their correct
pronunciation. It was presented prior to the first training timing of each day and again following
every timing for exactly 30 seconds. This also ensured that the total training duration, including
study and test sessions, was equal across all comparison conditions.

In Study 5, the pronunciation guide was not shown before the first timing during the
weekly post-testing phase to allow retention levels to be tested after one week without practice.
Retention improved in Study 5, but it is not possible to determine if this improvement was solely
due to changes in the use of the pronunciation guide.

Presenting the guide before the first timing in Study 4 may have had an unforeseen
negative effect on retention, as it meant that the time between study (presentation of the guide)
and practice (timings) was typically less than one minute. Karpicke and Roediger (2007) found
that delaying the time between study and retrieval practice positively impacts retention.
According to the authors, when testing occurs immediately or following a brief delay after the
presentation of the learning material, it is easier for the learner to respond correctly than if the

testing is delayed. This may improve initial acquisition but negatively impact retention.
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Training sessions in Study 4 were scheduled daily, as this is a common practice in
precision teaching: short, intensive sessions repeated daily to encourage learners to achieve the
fluency aim (Johnson & Street, 2013). However, these sessions were always closely preceded by
exposure to the pronunciation guide. Study 4’s free-operant FTT might have produced better
retention had the pronunciation guide not been shown before the first timing each day, but
following each timing.

Additional research is recommended to explore the impact of response rate on retention

and to gain further insights into the effectiveness of fluency-building techniques.

9.24 Response rate and retention

It was anticipated that by keeping total training time constant in Study 4, greater
differences would arise between the terminal training response rates achieved in free-operant and
restricted-operant practice. However, what was found instead was that as participants became
more proficient, they responded faster with the stimuli taught in both free-operant and restricted-
operant conditions (Kong, 2009; Darvell, 2006; Wheetley, 2005), and there was no clear
functional relationship between response rate and retention.

In Study 3, some participants who failed to achieve the fluency criterion nonetheless
demonstrated improved retention from fluency-building regardless. This suggests that fluency
may not be a necessary predictor of retention, as initially hypothesised.

None of the current studies were successful in systematically isolating the effects of
response rate on retention. This is a longstanding issue that previous studies also failed to address
(e.g., Darvell, 2006; Kong, 2009; Mathews, 2010; McGregor, 2006; Wheetley, 2005), and it is
recommended that future studies shift their focus to variables associated with the frequency and
spacing of practice testing.
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This is not to say that fluent, free-flowing performance is an unimportant outcome of
effective instruction; rather, the current findings suggest that response rate should be viewed as
characteristic, and not a causal factor of performance that is more likely to be retained over the
long-term.

9.3 General limitations and recommendations for future research

There are several limitations to the findings of this thesis that could be addressed by
future studies. First, Study 4 was limited by the lack of a control condition with the same total
training time as the two spaced weekly practice conditions. The delayed-testing condition had far
less trials, and training duration was less than half that of the other two conditions. The impact of
spacing and practice testing on the emergent relations could be evaluated more systematically in
a future study by increasing the duration of training in the control condition during the initial
post-test so that it matches the spaced practice conditions. Bloom and Shuell (1981) tested this
type of arrangement by allocating an equal amount of time across spaced and massed practice
conditions. Their spaced condition was divided into three sessions lasting 10-minutes each across
three consecutive days, and the massed condition was a single 30-minute session.

The way the pronunciation guide was implemented in Study 4 may have negatively
impacted retention by reducing the delay between study and testing activities. A follow-up study
is recommended where the guide is withheld prior to the first practice test, or a delay and
distraction task is implemented between study and testing trials. This could help isolate the
variables that were responsible for the low levels of retention observed during Study 4.

Although the current line of studies showed FTT was effective at producing emergent NFI,
FNI, and listener relations, vocabulary learning typically has much broader applications beyond

the simple tests for paired associations conducted in these studies (Nation, 2022). Future research
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should extend these testing procedures to include more complex repertoires indicative of fluent
language learners. For example, a suggested line of inquiry could examine the combination of
FTT with simple sentence construction to assess whether fluent vocabulary performance
increases fluency in related sentence construction. This is a common approach to instructional
design in precision teaching: train component skills to fluency, then test for the emergence of
higher-level composite skills. Kapoor et al. (2023), for example, recently taught two prerequisite
(component) maths skills (reading and counting numbers between 0-20) to fluency criterion with
four schoolchildren. Following the initial acquisition of the required component skills, the
experimenter taught and tested the composite skill (mixed subtraction and addition facts) with
the four participants and a control group comprising same-age children. The students who were
taught the component skills using fluency-building procedures demonstrated greater mastery of
the composite skill.

Finally, the results of the current study are not generalisable beyond the current
participants and settings. Replication with participants from different demographic populations is
recommended. Additionally, it is unlikely that the results are specific to the study of Korean
vocabulary; however, replication with other FLs would help extend the generalisability of the
findings. Future research could also be conducted using a randomised control trial (RCT) to
assess the effectiveness of the modified FTT procedure at the group level and in a range of
settings. In an RCT, participants would be randomly assigned either to the modified FTT
intervention or to an alternative or standard teaching approach, allowing for a more robust
comparison of outcomes at the group level and helping to rule out potential confounding
variables. Ideally, such procedures could be evaluated in an FL classroom, where learners are

already enrolled in a structured instructional program, and thus provide further insights. An RCT
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design would additionally enable the collection of data on a range of learner variables, such as

language proficiency, motivation, and prior vocabulary knowledge.

9.4 Conclusion

The aim of all educational programs should be to optimise learning by making instruction
as effective and efficient as possible (Gilbert & Gilbert, 1992). To this end, its recommended that
learning programs are based on systematic, empirically derived instructional technologies, and
behaviour analysis has much to offer in this regard (Binder &Watkins 1990). This thesis
focussed on behaviour analytic approaches to FL learning with a series of technical and applied
studies aimed at improving vocabulary acquisition by combining components of tact training,
emergent learning, overlearning, and fluency-building procedures.

The current studies are among the first empirical investigations of this nature, and the
findings provide important considerations for the design of FL vocabulary instruction. Moreover,
there are broad implications that extend beyond verbal behaviour learning. Instructional
programs typically view learning as complete when learners achieve an accuracy criterion.
However, it is evident from the findings in the current study that learning is occurring as the
learner approaches the accuracy criterion and continues as they progress towards the fluency
criterion and beyond.

While the present research focused on FL vocabulary acquisition, the principles and
methodologies explored here have potential applications for a range of educational contexts.
Foreign language researchers should continue to investigate how these behaviour-analytic
approaches can be refined and adapted to other domains of learning. Additionally, further

exploration into retention of emergent learning and the role of fluency within a variety of

170



Retention of emergent foreign vocabulary

contexts could provide valuable insight into the types of training arrangements that optimise
learning outcomes.

Although not examined in the present studies, it should be acknowledged that learning
continues to occur as the acquired behaviour is applied to various contexts and in combination
with various other behaviours. Traditional educational approaches typically take a much
narrower view of learning. There could be much to gain from revising these longstanding and
outdated views about learning and acquisition.

As we move forward, it is essential that educators and instructional designers embrace
these insights and consider how behaviour-analytic approaches can be integrated into modern
educational practices. By doing so, we can engineer more efficient, effective, and enduring

learning experiences for all students.
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Appendix 1

Ethics information and consent forms

Study 3

PARTICIPANT INFORMATION SHEET
Retention of Korean vocabulary learning following two different training procedures
Approval Number: UTS HREC REF NO. ETH20-5630

WHO IS DOING THE RESEARCH?
My name is John Wooderson, and I am a doctoral student at the University of Technology
Sydney (UTS). My supervisor is Dr Kirsty Young (Kirsty.Young@uts.edu.au)
WHAT IS THIS RESEARCH ABOUT?
This research is to find out what teaching methods lead to better retention of foreign vocabulary.
Specifically, we want to examine how well you remember Korean words for up to one month
after training has ended.
WHY HAVE I BEEN ASKED?
You have been invited to participate in this study because you expressed an interest in foreign-
language learning. Also,

1. You are not currently enrolled in, nor have you previously participated in any formal

Korean language instructional programs; and

2. You do not live with a native-Korean speaker.
IF I SAY YES, WHAT WILL IT INVOLVE?
If you decide to participate, I will invite you to join an online Korean vocabulary training and

follow-up program. This will involve up to 7 weeks (7 hours) of participation and one follow up
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test 6 months following training. The program is delivered 1:1 with the instructor (not group
sessions). During this program:

o [ will test your existing knowledge of Korean words before training begins by asking
you to pronounce and translate some words. Altogether, these pre-training tests will take
up to 1 hour to complete over three separate days.

e [ will then provide individualized training in two sets of 10 Korean words. The training
sessions will take 30 minutes per day and continue for up to 10 days.

e After training has ended, I will test you once per week for four weeks during post-tests
and once again up to 6 months later during a follow-up test to see how many words you
remember. Each post-training test will take about 10 minutes to complete.

e [ will video-record every training and testing session for data analysis via Microsoft
Teams.

ARE THERE ANY RISKS/INCONVENIENCE?

Yes, there are some risks/inconveniences. Specifically, you may feel some discomfort or fatigue
during the training program because [ will ask you to continue to practice the learning material
after you have learnt it. This is because we want to evaluate the retention levels that result from
overlearning compared with the levels of retention produced by more traditional learning

approaches. You might also experience embarrassment if you fail to learn the vocabulary.

DO ITHAVE TO SAY YES?

Participation in this study is voluntary. It is entirely up to you whether you decide to take part.

WHAT WILL HAPPEN IF I SAY NO?
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If you decide not to participate, it will not affect your relationship with the researchers or the
University of Technology Sydney. If you wish to withdraw from the study once it has started,
you can do so at any time without having to give a reason, by contacting John Wooderson

(John.R.Wooderson@student.uts.edu.au)

If you withdraw from the study, we will destroy all information about you that we collected.
CONFIDENTIALITY

By signing the consent form you consent to the research team collecting and using personal
information about you for the research project. All this information will be treated confidentially.
Any identifying data will be kept separate from your responses and will only be accessible by
members of the research team. The researchers will store session video recordings and data on
learner responses during teaching and testing trials on a password-secured computer only
accessible to the researchers. We will use participant's initials only on records so you will not be
identifiable to others.

Copies of records to be used for reliability coding purposes will be placed in a secure Microsoft
Team's repository with access available only to the research team. The researchers will keep
digital copies for up to 5 years following the study's completion, after which they will be

destroyed. In all instances your information will be treated confidentially.

We plan to publish the results within a research journal, to add to the existing body of scientific

knowledge on effective instructional procedures. In any publication, information will be

provided in such a way that you cannot be identified.
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WHAT IF I HAVE CONCERNS OR A COMPLAINT?
If you have concerns about the research that you think I or my supervisor can help you with,

please feel free to contact me on

You will be given a copy of this form to keep.

NOTE:

This study has been approved in line with the University of Technology Sydney Human Research
Ethics Committee [UTS HREC] guidelines. If you have any concerns or complaints about any
aspect of the conduct of this research, please contact the Ethics Secretariat on ph.: +61 2 9514
2478 or email: Research.Ethics@uts.edu.au] and quote the UTS HREC reference number. Any

matter raised will be treated confidentially, investigated and you will be informed of the outcome.
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CONSENT FORM
Comparing the impact of mastery and fluency training procedures on the retention of derived
intraverbal relations (ETH20-5630)
Approval Number: UTS HREC REF NO. ETH20-5630

I agree to participate in the research project “Retention of Korean

vocabulary learning following two different training procedures (ETH20-5630)” being conducted

by John Wooderson, John.R.Wooderson@student.uts.edu.au.

I have read the Participant Information Sheet, or someone has read it to me in a language that [

understand.

I understand the purposes, procedures and risks of the research as described in the Participant

Information Sheet.

I have had an opportunity to ask questions, and I am satisfied with the answers I have received.

I freely agree to participate in this research project as described and understand that I am free to

withdraw at any time without affecting my relationship with the researchers or the University of

Technology Sydney.

I understand that I will be given a signed copy of this document to keep.
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I agree to be:
] Audio recorded

[ ] Video recorded

I agree that the research data gathered from this project may be published in a form that:
[] Does not identify me in any way

[ ] May be used for future research purposes

I am aware that I can contact John Wooderson if I have any concerns about the research.

Name and Signature [participant] Date

Name and Signature [researcher or delegate] Date
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Study 4 and 5

PARTICIPANT INFORMATION SHEET

ETH22-7405 - "The effects of response rate on retention of emergent Korean vocabulary"

WHO IS CONDUCTING THIS RESEARCH?

My name is John Wooderson, and I am a student at UTS. My supervisor is Dr Kirsty Young

(Kirsty.Young@uts.edu.au)

WHAT IS THE RESEARCH ABOUT?

The purpose of this research is to find out what teaching methods lead to better retention of foreign
vocabulary. Specifically, we want to examine how well you remember Korean words for up to six

months after training.

WHY HAVE I BEEN INVITED?

You have been invited to participate because you expressed an interest in foreign-language

learning.
Before you decide to participate in this research study, please check the selection criteria:

1. You are not currently enrolled in any formal Korean language instructional programs; and

2. You do not live with a native-Korean speaker.

WHAT DOES MY PARTICIPATION INVOLVE?

If you decide to participate, I will invite you to join an online Korean vocabulary training and
follow-up program. This will involve up to 10 months (12 hours) of participation. The program is

delivered 1:1 with the instructor (not group sessions). During this program:
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o [ will test your existing knowledge of Korean words before training begins by asking you
to pronounce and translate some words. Altogether, these pre-training tests will take up to
1 hour to complete over three separate days.

e | will then provide individualized training in six sets of 10 Korean words. The training
sessions will take 30 minutes per day and continue for up to 1 month.

e After training has ended, I will test you once per month for six to eight months to see how
many words you remember. Each post-training test will take about 5 minutes to complete.

e After the post-training testing has completed, I will retrain you in the words that you can’t
recall and retest your retention four weeks later.

e [will video-record every training and testing session via Microsoft Teams for data analysis.

ARE THERE ANY RISKS/INCONVENIENCE?

Yes, there are some risks/inconveniences. Specifically, you may feel some discomfort or fatigue
during the training program because I will ask you to continue to practice the learning material
after you have learnt it. This is because we want to evaluate the retention levels that result from
overlearning compared with the levels of retention produced by more traditional learning

approaches. You might also experience embarrassment if you fail to learn the vocabulary

DO I HAVE TO TAKE PART IN THIS RESEARCH PROJECT?

Participation in this study is voluntary. It is completely up to you whether or not you decide to take
part.
If you decide not to participate, or to withdraw from the study, it will not affect your relationship

with the researchers.
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WHAT IF I WITHDRAW FROM THIS RESEARCH PROJECT?

If you wish to withdraw from the study once it has started, you can do so at any time without
having to give a reason, by contacting John Wooderson

(John.R.Wooderson@student.uts.edu.au).

If you decide to leave the research project, we will not collect additional personal information from
you (e.g. name, address, date of birth etc.), although personal information already collected will
be retained to ensure that the results of the research project can be measured properly and to
comply with law. You should be aware that data collected up to the time you withdraw will form
part of the research project results. If you do not want me to do this, you must tell me before you

join the research project.

WHAT WILL HAPPEN TO INFORMATION ABOUT ME?

By signing the consent form you consent to the research team collecting and using personal

information about you for the research project. All this information will be treated confidentially.

Your information will only be used for the purpose of this research project, and it will only be

disclosed with your permission, except as required by law.

It is anticipated that the results of this research project will be published and/or presented in a
variety of forums. In any publication and/or presentation, information will be provided in such a
way that you cannot be identified, except with your permission. Any identifying data will be kept
separate from your responses and will only be accessible by members of the research team. The

researchers will store session video recordings and data on learner responses during teaching and
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testing trials on a password-secured computer only accessible to the researchers. We will use

participant's initials only on records so you will not be identifiable to others.

Copies of records to be used for reliability coding purposes will be placed in a secure Microsoft
Team's repository with access available only to the research team. The researchers will keep digital
copies for up to 5 years following the study's completion, after which they will be destroyed. In all

instances your information will be treated confidentially.

In accordance with relevant Australian and/or NSW Privacy laws, you have the right to request
access to the information about you that is collected and stored by the research team. You also
have the right to request that any information with which you disagree be corrected. Please inform
the research team member named at the end of this document if you would like to access your

information.

The results of this research may also be shared through open access (public) scientific databases,
including internet databases. This will enable other researchers to use the data to investigate other
important research questions. Results shared in this way will always be de-identified by removing

all personal information (e.g. name, address, date of birth etc.).

WHAT IF I HAVE ANY QUERIES OR CONCERNS?

If you have queries or concerns about the research that you think I or my supervisor can help you
with, please feel free to contact me on

You will be given a copy of this form to keep.
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NOTE:

This study has been approved in line with the University of Technology Sydney Human
Research Ethics Committee [UTS HREC] guidelines. If you have any concerns or complaints
about any aspect of the conduct of this research that you wish to raise independently of the
research team, please contact the Ethics Secretariat on ph.: +61 2 9514 2478 or email:
Research.Ethics@uts.edu.au] and quote the UTS HREC reference number. Any matter raised

will be treated confidentially, investigated and you will be informed of the outcome.
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CONSENT FORM
ETH22-7405 - "The effects of response rate on retention of emergent Korean vocabulary"

I agree to participate in the research project being conducted by John

Wooderson, John.R.Wooderson@student.uts.edu.au.,

I have read the Participant Information Sheet, or someone has read it to me in language that I
understand.

I understand the purposes, procedures and risks of the research as described in the Participant
Information Sheet.

I have had an opportunity to ask questions, and I am satisfied with the answers I have received.

I freely agree to participate in this research project as described and understand that I am free to
withdraw at any time without affecting my relationship with the researchers.

I understand that I will be given a signed copy of this document to keep.

I am aware that I can contact John Wooderson if I have any concerns about the research.

Name and Signature [participant] Date

Name and Signature [researcher or delegate] Date
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Appendix 2

Research protocol for Study 3

Purpose

To determine if foreign tact training results in greater response retention of derived intraverbal
(native-to-foreign) relations following instruction under a) accuracy or b) accuracy+rate-building
conditions.

Participants

Five English speaking adults

Setting and Materials

Sessions will take place on-line via Microsoft Teams®. Materials will include datasheets,
computer and webcam, and Microsoft PowerPoint® slides containing English target nouns or

pictures of objects.
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Set 1 Set 2
Picture Korean noun English Picture Korean noun | English
equivalent equivalent
E sajin photo W janggap gloves
%"r gawi scissors q'p naembi pot
@f "~ | ol cucumber [ P gamja potato
(-
i chima skirt =L chimdae bed
‘ usan umbrella begae pillow
?“i baji pants jido map
" ageo crocodile @ subak watermelon
chamgmun window ? namu tree
A -
sagwa apple ?,( sangeo shark
yeonpil pencil chiyak toothpaste
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Dependent variables

Correct answers

Tact training trials: the participant vocally labels a picture using the Korean referent

Derived native-to-foreign intraverbal (NFI) probes: the participant vocalizes the Korean referent
after being presented with its English written equivalent.

Incorrect answers

"I don't know."

Target word in the incorrect language

Incorrect word

A nonsense word

Design

Adapted alternating treatments design with pre- and post-tests (counterbalanced across
participants):

Set 1: 10 nouns assigned to tact instruction under accuracy conditions

Set 2: 10 nouns assigned to tact instruction under accuracy+rate-building conditions

Pre-assessment procedures

Assigning nouns to tact accuracy~+rate-building training, and tact accuracy training conditions:
Assign ten common nouns - Set 1 and Set 2

Try to control for the complexity of words that are in each set of 10 nouns by making sure the
number of syllables in each word is the same (e.g., ten words with two syllables for each 10-

noun set)
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Do not include similar sounding words in a set of 10 nouns (e.g., ori and o01) or nouns that sound
similar in Korean and English (e.g., sajin and sergeant)

Try to keep the sets of 10 nouns the same (e.g., always keep clock, desk, and plum together), but
change the conditions across participants (e.g., if you assign ten nouns to the accuracy condition
set for Participant 1, assign the same nouns to the accuracy-+rate-building condition set for
Participant 2)

Conduct each of the following two assessments on separate days:

Pronunciation pre-test:

Ask the participant to repeat each noun in Sets 1 and 2 in Korean

Provide praise on an FR-1 schedule for correct responses

If the participant closely approximates the word, ask the participant to repeat the word to make
sure he or she can pronounce the word correctly

If the participant cannot correctly pronounce a word, replace the noun with another one

Native tact pre-test:

Ask the participant to label pictures of each noun in Set 1 and 2 in English by asking "What is
this?". Present one slide up at a time.

Provide praise on an FR-1 schedule for correct responses

If the participant's response matches the expected English equivalent noun, state, "Yes, that's
(expected English equivalent)." If the participant provides a response that is synonymous with
the expected noun (e.g. 'quilt’ instead of 'blanket'), ask the participant to repeat the word and then
acknowledge his response by stating, "Okay, you called that (noun). Would you prefer to call
that (noun) or (expected English equivalent)?" Note the participant's preference, and adjust the

learning materials accordingly. If the participant provides a non-synonymous response, replace
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the noun with another one, and conduct pronunciation and native tact tests again with the new
noun.

Assessment procedures

Pre-tests and post-tests

Conduct pre-test and post-test sessions for Training Set 1 and Set 2 using the native-to-foreign
relations only.

Post-testing schedule:

Post-tests will be conducted once per week for one month

Session procedure

Before each session, tell the participant "I am going to ask you what an English word is in
Korean. I'm not going to tell you if you're right or wrong, but I want you to try your best".
Probes will comprise 10 trials, delivered twice for each stimulus set, with sets alternated for each
session. During each probe, test all ten nouns once in a randomized order.

Provide neutral comments (e.g., "Okay") for correct (within 5 seconds) and incorrect responding
(‘I don’t not know’, the target word in the wrong language, an incorrect word, or a nonsense
word).

If the participant consistently responds correctly to any of the nouns during the pre-test sessions,
replace the nouns and repeat the pre-assessment procedures with new nouns

When to begin post-tests:

Accuracy training condition - After twenty-five trials or the participant has met the accuracy
condition training criterion (2 consecutive trials at 100% correct), whichever comes first.
Conduct post-test sessions for the accuracy training stimulus set only. Conduct post-test sessions

using the procedure described above, but do not replace any of the nouns.
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Accuracy+rate-building — After the participant completes ten training days or attains the rate
criterion (80 corrects per minute) , whichever comes first.

Training Procedures

Session procedure

Conduct baseline and instructional sessions for both training conditions (10 sessions per day) and
their assigned stimulus sets using the tact relations only and an alternating treatments design.
Initially, implement the same instructional procedures (i.e., accuracy training) for both training
conditions until participants achieve 100% correct responding in two consecutive 10-trial blocks
or the participant completes 25 10-trial blocks, whichever occurs first. After attaining the
accuracy criterion or the end of the final training trial in the stimulus set assigned to the accuracy
only condition, implement the post-testing phase for that assigned stimulus set only.
Immediately after the participant achieves accuracy criterion in the stimulus set assigned to the
accuracy+ rate-building condition, implement the rate-building procedures using that stimulus
set.

Baseline

Conduct baseline sessions of the assigned training conditions of Set 1 and Set 2 stimuli.

Conduct at least two baseline sessions before commencing training in each set. The important
thing is to demonstrate experimental control.

Before each session, tell the participant "I am going to show you slides with pictures and ask you
to label each picture you see in Korean. After you label a picture, I'm not going to tell you if
you're right or wrong, but I want you to try your best".

Wait for 5 seconds for the participant to respond before providing a neutral comment and

moving to the next slide.
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Accuracy training

Tell the participant "I am going to show you the slides with pictures again and ask you to label as
many pictures in Korean as you can. This time, after you label a picture, I will tell you if you
were right or tell you the correct answer if you were wrong. If you are unsure about any of the
pictures, you can say 'l don't know'

For each trial, wait 5 seconds before providing feedback (i.e., “You’re right. That’s _ ” or
“No, thatis ™)

At the end of 10-trial session, score the number of correct responses and errors. Give feedback to
the participants on their performance and encourage them to increase their accuracy if they have
not yet attained the accuracy criterion. For example, "You scored higher than the previous
session, well done” or “You are trying so hard, let’s see if you can improve your score on the
next session”

Randomise the order of slides before commencing each new trial.

Rate-building training

Only conduct this training with the stimulus set assigned to the accuracy+rate-building condition
after the participant has achieved 100% correct responding in two consecutive 10-trial blocks
during the accuracy training phase or the participant has completed 25 10-trial blocks, whichever
occurs first. Do not conduct this training with the stimulus set assigned to the accuracy-only
training condition.

Tell the participant “I am going to show you slides with pictures of the words you have learnt,
and you will have one minute to label as many pictures in Korean as you can. When the timer
starts, and I say ‘please begin’, label each picture left to right, starting with the top row, and

moving to the bottom row. Then, we will move to the next slide. If you are unsure about any of
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the pictures, you can say 'Don't know' or guess. Do not skip any pictures. When the timer ends, I
will tell you how well you did.”

At the end of each one-minute trial, score the number of correct responses and errors. Give
feedback to the participants on their performance and encourage them to increase their
responding rate if they have not yet attained the target aim rate. For example, "You scored 60
corrects per minute during the last trial. Your target is 80 corrects per minute. Try to increase
your rate of correct responses during the next trial".

Interobserver Agreement

A second observer will watch videos of 30% of the Microsoft Teams session recordings across
all pre-test, instruction and post-test phases for each participant.

The second observer will independently collect data on participant responses during trial
presentations. We will then compare the data collected by both observers on a trial-by-trial basis.
If both observers record an incorrect or correct response for the same trial, we will this as an
agreement; otherwise, we will score the trial as a disagreement.

We will calculate interobserver agreement for each session in which both observers collected
data by dividing the number of agreements by the total number of agreements and disagreements

and multiplying by 100.
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Condition: Date:
Baseline/ Accuracy training /Rate-building training/Pre-test/Post-test Participant:
Session:
Trial Stimulus Target Response

1 apple sagwa Correct / Incorrect
2 pants baji Correct / Incorrect
3 skirt chima Correct / Incorrect
4 umbrella usan Correct / Incorrect
5 cucumber oi Correct / Incorrect
6 window changmun Correct / Incorrect
7 scissors gawi Correct / Incorrect
8 pencil yeonpil Correct / Incorrect
9 crocodile ageo Correct / Incorrect
10 photo sajin Correct / Incorrect

Treatment Integrity

During baseline, pre-, and post-test phases, the second observer will score whether the
experimenter: 1) presents the discriminative stimulus, 2) waits up to 5 seconds for the participant
to respond, and 3) provides neutral feedback for all learner responses.

During the accuracy phase the observer will also check whether the experimenter provides
acknowledgment of a correct response or error correction rather than neutral feedback.

Finally, during the fluency phase, the observer will score whether the experimenter provides

feedback to the participant on the number of correct responses only after each one-minute trial.
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Pronunciation guides

Set 1
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ohm-jee

ee-barl

parl-goom-
chee

byarm

moo-rup

mork

cc-mar

sorn

kor

beh
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dar-ree

ohk-geh

sorn-gar-
rark

gwee

ip-sool

L

noon

moh-ree

barl

tohk

hyoh
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&

nuk-deh

geh

dark

dweh-jee

mool-gor-gee

goh-wee

nark-tar

kor-ki-ree

yarng

geh-mee
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W

sar-sum sor marl yohm-sor gor-yarng-ee
- o
tar-jor kool-bohl geh-goo-ree behm sar-jar
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.\
o/

. .

N

gorng gee-char mor-jar jar-dorng-char wee-jar
& N
york-jor Jip ar-gee kar-barng marng-chee
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A

\ \\\

)
s

W

chehk

johp-shee

shin-barl

jar-john-goh

yarng-marl

e

y

darm-yor

gort

yohl-seh

goh-ool

pehn-chee
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Experimenter scripts and guidance

Record all sessions!

Native tact preassessment

Experimenter: “I am going to show you cards with pictures and ask you to label each picture you
see in English”

Ask the participant to label pictures of each noun in Set 1-6 in English by asking "What is this?”
Present one picture card up at a time.

If the participant's response matches the expected English equivalent noun, state, "Yes, that's
(expected English equivalent)."

If the participant provides a response that is synonymous with the expected noun (e.g. 'quilt'
instead of 'blanket'), ask the participant to repeat the word and then acknowledge his response by
stating, "Okay, you called that (noun). Would you prefer to call that (noun) or (expected English
equivalent)?" Note the participant's preference and adjust the learning materials accordingly. If
the participant provides a non-synonymous response, replace the noun with another one, and
conduct pronunciation and native tact tests again with the new noun.

NFI sets (pre-test)

Before the first NFI timing of each day’s session, tell the participant,

“Press the ‘start timer’ and ‘next card’ buttons when you are ready to begin. You will see a
flashcard appear on the screen. Say the Korean word that matches the card._You can say ‘don’t
know’ if you are unsure, but don’t skip any words. You will have one minute to respond to as

many cards as possible.’

Do not give feedback!
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NFI and Tact sets (post-test)

“Press the ‘start timer’ and ‘next card’ buttons when you are ready to begin. You will see ten
flashcards appear on the screen. From left to right, top to bottom, say the Korean word that
matches each card._You can say ‘don’t know’ if you are unsure, but don’t skip any words. You
will have one minute to respond to as many cards as possible.”

Do not give feedback!

FNI sets (post-test)

“Press the ‘start timer’ and ‘next card’ buttons when you are ready to begin. You will see ten
flashcards appear on the screen. From left to right, top to bottom, say the English word that
matches each card._You can say ‘don’t know’ if you are unsure, but don’t skip any words. You
will have one minute to respond to as many cards as possible.”

Do not give feedback!

Lis sets (post-test)

“Press the ‘start timer’ and ‘next card’ buttons when you are ready to begin. You will see four
flashcards appear on the screen. The card in the top row is a Korean word. Select the English
word that matches it from one of the three cards in the second row. After you select the card, it
will then have a red border. You can guess if you are unsure but don’t skip any words. You will
have one minute to respond to as many cards as possible.”

Do not give feedback!
FTT sets

Model set

Before the first FTT training timing of the day for each stimulus set, vocalise each picture/word

and have the participant repeat each word once; tell the participant,
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“I will show you all ten pictures in the next training set and their Korean names for 30 seconds.
Repeat each word once after I say it.”

FTT no-delay (10 cards)

Before the first FTT no-delay timing of each day’s session, tell the participant,

“Press the ‘start timer’ and ‘next card’ buttons when you are ready to begin. You will see ten
flashcards appear on the screen. From left to right, top to bottom, say the Korean word that
matches each card. You can say ‘don’t know’ if you are unsure, but don’t skip any words. You
will have one minute to respond to as many cards as possible. Your aim is to score 80 or more
corrects with no errors”

FTT no-delay (10 cards)

Before the first FTT no-delay timing of each day’s session, tell the participant,

“Press the ‘start timer’ and ‘next card’ buttons when you are ready to begin. You will see a set
of flashcards appear on the screen. Say the Korean word that matches each card from left to
right, starting with the top row and moving to the bottom. You can say ‘don’t know’ if you are
unsure, but don’t skip any words. You will have one minute to respond to as many cards as
possible. Your aim is to score 80 or more corrects with no errors”

FTT delay

Before the first FTT delay timing of each day’s session, tell the participant,

“Press the ‘start timer’ and ‘next card’ buttons when you are ready to begin. You will see a
flashcard appear on the screen. Say the Korean word that matches the card. You can say ‘don’t
know’ if you are unsure, but don’t skip any words. You will have one minute to respond to as

many cards as possible. Your aim is 100% accuracy”
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Feedback set

FTT no-delay

At the end of each one-minute FTT no-delay trial, score the correct responses and errors. Give

feedback to the participants on their performance.
"You scored 60 corrects per minute and 2 errors during the last trial. Try to improve your rate
on the next trial”

FTT delay

At the end of each one-minute FTT delay trial, score the correct responses, calculate the

percentage of correct responses and provide feedback on the participant’s accuracy. Encourage
participants to improve their accuracy during the next timing if they had not achieved 100%
correct.

"You scored 85% correct during the last trial. Try to increase your accuracy on the next trial.”
Review

Review the training set for 30 seconds. Model the words that the participant got wrong”

“I'will show you all ten pictures again and their Korean names for 30 seconds. We will practice

any words that you got wrong.”
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