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TRIAL AND TRAINING DESIGNS IN FOREIGN-LANGUAGE 1

Evaluating Different Trial and Training Designs in Computerized Foreign-Language
Vocabulary Instruction
People may seek to learn languages other than their native languages for different
reasons, such as employability (Belpoliti & Pérez, 2019; Makumane & Ngcobo, 2018),
increased cultural awareness, and communicative competence (for a review, see Fox et al.,
2019). Additionally, research has shown that people who learn a foreign language have
higher reading performance, perform better in verbal and nonverbal intelligence tests
compared to those who do not, and can also show structural brain changes (Barac &
Bialystok's, 2012; Hermanto et al., 2012; Weber, et al. 2016). Computer-assisted language-
learning (CALL) applications for self-instruction in foreign languages have grown in
popularity in recent years. For example, Duolingo® had up to 30 million active users around
the world in 2020 (Mascarenhas, 2020), while sharing the market with other popular CALL
applications, such as Rosetta Stone® and Babbel®.
Stimulus control over vocal foreign-language responses is an important outcome of

CALL if the goal is for the learner to be able to communicate in the foreign language. Some
CALL applications (e.g., Duolingo®; Rosetta Stone®) employ speech-recognition software
that makes it possible for the learner to receive feedback on vocal responding as they repeat
words or sentences modeled by the program. However, this mechanism is minimally used to
either test or directly establish stimulus control by providing feedback on vocal naming of
pictures or other representations of word referents. Instead, relationships between words and
their referents are typically introduced in the absence of a requirement for the learner to

vocalize. The purpose of the present study was to examine how stimulus control over vocal
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and other foreign-language responses is affected by the design and arrangement of teaching
trials.
Learning a Foreign Language

For the purpose of the current research, I will briefly define terminologies in the field
of second language acquisition (Gass & Selinker, 2001), that describe the language in which
a person can already communicate or pursues to learn. A native language refers to the first
language that a child learns, also known as the primary language, or L1. L1 is usually
acquired in the process of growing up with the people who speak the same language in the
first years of life. A second language (L2) is commonly described as any language that is
learned after learning L1, regardless of whether it is a third or even a fourth language learned.
People that are learning a L2 are usually older than children acquiring L1 and they
commonly have acquired at least one language and prior knowledge in the L1 (Nor &
Rashid, 2018). L2 is usually learned when the nonnative learner is living in an environment
of native speakers (e.g., Brazilians learning Icelandic in Iceland). In contrast, a foreign
language (FL) differs from L1 and L2 in that the nonnative student is learning the new
language outside the environment where that second language is commonly spoken (e.g.,
Brazilians learning Icelandic in Brazil). FL acquisition is commonly accomplished within the
context of the classroom or through CALL applications.

Acquiring a new language is a complex task that has many different components. For
example, FL learners need to acquire the syntax of the new language (i.e., word order,
sentence structure), and morphology (i.e., the form of the words), which may differ from
their F1 language. The student will also need to learn the sounds system of the new language,

which involves the phonology of the new language — learning to discriminate and articulate
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sounds that in some cases may not exist in the learner’s F1 language. One important and
often time-consuming component of FL learning is vocabulary acquisition. Acquiring the
size of 3,000 or so high frequency words of a language is considered essential to everyday
use (Nation & Waring, 1997), and the minimum of 5,000 words are required in order to read
for pleasure (Hirsh & Nation, 1992). Because vocabulary is cornerstone of FL learning, most
of the available CALL applications focus on teaching new words and simple sentence
construction in the FL as their main early learning goals. Therefore, the present studies
focused on vocabulary learning.

Computer-Assisted Language Learning (CALL)

The first known example of automated programmed instruction to teach a foreign
language was described by Rocha e Silva and Ferster (1966), who developed a semi-
automated machine to teach German vocabulary to American college students. After 14-18
hours of instruction, students were able to label, answer questions and maintain conversations
in German. Since then, computers and the Internet have made FL self-study materials
increasingly easy to access and use, and there are now many software applications available
that facilitate self-study of languages. Some commercially available CALL applications (e.g.,
Duolingo®; Rosetta Stone®) share similar features of the program described by Rocha e
Silva and Fester (1966); for example, they present learning material in discrete trials in which
each presentation of a stimulus (e.g., a word or a sentence) is followed by an opportunity to
respond (e.g., by selecting one of several options, or typing a response), feedback on the
response, and stimuli gradually increase in complexity (e.g., from single words to sentences).
In addition, some applications explicitly incorporate empirically based strategies from

applied cognitive science to promote learning. For example, Duolingo® is informed by
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research on the effects of spaced repetition and incorporates user data into the design of its
spaced-repetition algorithms (Settles & Meeder, 2016). Duolingo® and Rosetta Stone® have
empirical support from outcome research that demonstrates their effectiveness in teaching
foreign languages to adults (Garcia, 2013; Vesselinov, 2009). Nevertheless, little research
exists on how basic elements of learning-trial design affect people’s acquisition of FL
vocabularies through interaction with instructional software, or assist with establishment of
stimulus control over vocal responses.

Trial design for vocabulary learning varies both across and within popular CALL
applications. One aspect that differs across programs is the extent to which students are
required to make active responses to the presented material in order to advance through the
program, as well as the nature of the required responses. For example, Rosetta Stone®
teaches vocabulary largely through MTS trials in which a sample stimulus (e.g., a FL word)
is presented, and the learner must select the correct comparison stimulus when presented in
an array (e.g., a picture). By contrast, Duolingo® mixes trial types. For example, the learner
might have to respond to a spoken FL word by typing or selecting either the FL word or the
L1 equivalent, or might have to type or select a FL word that is missing in a sentence. Both
of these CALL applications require an active student response in every trial. Other
applications require less active student responding. For example, in Memrise®, many
learning trials consist of words and pictures presented together across trials without requiring
any typing or selection response from the student. The current study addressed, first, the
effects of contingencies on active student responding (an issue related to the design of
teaching trials), and second, the relative effects of using a single trial type versus mixed trial

types during instruction (an issue related to the design of training sessions).
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Trial Design: Passive Viewing and Active Student Responding

Some studies on computer-assisted programmed instruction in college student
populations have found that active student responding (selecting, labeling or typing when
required to do so) enhances learning outcomes compared to passive viewing of materials
(Haggas & Hantula, 2002; Kumar et al., 1993; Kritch et al., 1995). Kritch et al. (1995), for
example, compared a constructed-response interactive instruction to a click-to-continue and
passive viewing format on posttest recall about AIDS information. The constructed-response
group had a significantly higher score than the other two groups, while the posttest scores for
the click-to-continue and passive-observation groups did not differ. In contrast, O’Grady et
al. (2021) evaluated computer-assisted equivalence-based instruction to teach graph analysis
to undergraduate students. The authors found that participants that were not required to
perform an active response — they would look at the stimuli and advance to the next trial —
performed similarly to participants who were required to respond to the material by selecting
the correct response in each trial. Because a requirement for an active student response in
each trial can slow the pace of instruction (Kritch et al., 1995), there is a need to further
evaluate the role of active response requirements in computer-assisted programs, including
CALL.

No published studies appear to have examined the effects of response contingencies
in CALL vocabulary instruction. In an unpublished study, Smith, et al. (in preparation)
compared the effects of a constructed-response condition with a contingency on typing
foreign words in every trial with a passive viewing condition with intermittent contingencies
on typing, while teaching Arabic words to college students in a CALL context. There were

no differences in acquisition rate or constructed-response post-test performance between the
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two conditions, suggesting the greater density of active student responding in the
constructed-response condition did not facilitate learning. This study, however, did not assess
vocal production of the FL vocabulary words, nor were the learners exposed to the spoken
forms of the FL words. In addition, because there were intermittent contingencies on active
student responding in the passive viewing condition, it did not address the extent to which
stimulus control would emerge in the absence of such contingencies.

The first two experiments (Experiment 1a and 1b) of the present study sought to
further compare the effects of passive viewing and active student response methods in
vocabulary learning. Contingencies on active student responding were implemented in the
form of compound matching to sample (MTS), in which each trial presented a compound
sample (i.e., an auditory and a textual FL stimulus), to which the learner was required to
respond by selecting a matching picture from an array of choices. This approach is
characteristic of vocabulary-learning trials in Rosetta Stone®. Passive viewing was
represented by stimulus pairing (SP) trials, in which the auditory FL stimulus, the textual FL
stimulus, and the matching picture were presented simultaneously, and no response was
required from the learner other than clicking to advance to the next trial. This approach is
characteristic of vocabulary-learning trials in Memrise®.

Theoretical Background

Skinner’s (1957) analysis of verbal behavior provides a terminological framework for
describing the different types of trials with active student responses that may be implemented
in CALL programs to introduce vocabulary or assess learning outcomes. According to this
framework, verbal behavior should be treated as operant behavior, which is reinforced and

maintained by its consequences. Additionally, Skinner (1957) proposed that a functional
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analysis of language as a product of reinforcement contingencies provided a framework for
effectively teaching new verbal skills. He also distinguished between the different roles of
the speaker and the listener behavior during a verbal episode, in which the behavior of the
speaker is reinforced through the mediation of the listener, who has been trained by the
verbal community to reinforce the behavior of the speaker.

Skinner (1957) described several different types of verbal operants (i.e., three-term
relations between discriminative stimuli, responses, and outcomes), distinguished by their
specific antecedents and consequences. One of these operants is the tact. The tact is speaker
behavior in which an object (an antecedent non-verbal stimulus) evokes a vocal or gestural
response considered appropriate to the stimulus by the verbal community, as a result of a
history of generalized conditioned reinforcement (Cruvinel & Hubner, 2013). For example,
in the presence of a ball, the person may say “Ball!”. The tact is the primary verbal operant in
Skinner’s analysis because it consists of relationships between words and referents. Another
verbal operant described by Skinner is the intraverbal. The intraverbal is also a speaker
behavior in which the antecedent event is a verbal stimulus (what someone said, signed or
wrote) that evokes a verbal response (vocalizations, signs or written words), and there is no
point-to-point correspondence between the antecedent stimulus and the response. For
example, when presented with the question “How do you say ball in Portuguese?” and the
other person answers “Bola”.

The tact and the intraverbal can be distinguished from listener behavior, as the
listener orients to an object after previous exposure to a name (a verbal stimulus). For
example, when the someone asks “Point to the bola”, a person may select the ball, when

other objects are present at the time. Although the listener episode involves the same name



TRIAL AND TRAINING DESIGNS IN FOREIGN-LANGUAGE 8

and the same object as the tact, the stimuli and responses are different. In the first one, the
antecedent is a verbal stimulus and the response is selecting or orienting to the stimulus (e.g.,
pointing or selecting the picture of the ball), while in the tact, the antecedent is a non-verbal
stimulus (for example, a picture or an object) and the response is a vocal or gestural response
(e.g., labeling the picture of the ball).

It follows from Skinner’s (1957) analysis that speaker and listener repertoires are
functionally independent of one another, as they participate in different three-term
contingencies that may be established and maintained separately. Skinner acknowledged that
in mature speakers, tacts and intraverbals nevertheless may emerge in the absence of
reinforcement, sometimes simply as a result of seeing an object paired with its name, similar
to an SP procedure. However, he did not provide a detailed explanation of emergent tact and
intraverbal control; that is, control by objects or verbal stimuli over verbal responses that
emerges in the absence of previous reinforcement.

Some more recent theories have addressed the development of emergent speaker
control. The Naming Hypothesis (Horne & Lowe, 1996), and Relational Frame Theory
(RFT; Hayes, et al., 2001), have specified early histories of operant reinforcement that may
later enable tact control to emerge in the absence of reinforcement, whereas others have
proposed that emergent tact control is a direct product of Pavlovian conditioning (Dugdale &
Lowe, 1990; Tonneau, 2001) or a product of equivalence class formation as a direct outcome
of operant reinforcement (Sidman, 2000). With respect to the goal of the current study, the
Naming Hypothesis and RFT do not make any direct predictions regarding the role of
response contingencies in promoting emergent stimulus control over vocal or other responses

that are not themselves included in the response contingencies. Once the higher-order
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(Naming Hypothesis) or generalized (RFT) operant is established, exposure to new name-
object relations (e.g., a FL word and its referent object) should be sufficient for tact or
intraverbal control to emerge. Similarly, the Pavlovian conditioning hypothesis makes no
predictions regarding relative efficiency as long as contiguous and contingent presentations
of names and objects occurs. All three theories nevertheless implicitly assume that the
relevant stimuli must be observed or attended to, and it is possible that feedback
contingencies involved on overt responding in learning trials serve to promote more reliable
observation. By contrast, Sidman’s (2000) theory proposes that emergent stimulus control is
a product of overlapping reinforcement contingencies, and therefore, seems to more
explicitly predict that contingencies on student responding should facilitate outcomes
involving emergent stimulus control.
MTS and SP Procedures and Emergent Stimulus Control

Research on emergent stimulus control over FL speaker behavior has focused on
understanding instructional and other variables that facilitate the emergence of derived
relations, involving vocal responses. The subsections below will focus on research that has
examined emergent stimulus control over vocal speaker behavior as a result of SP and MTS
listener instruction. | will first describe how SP and MTS procedures are usually conducted.
I will then summarize research on the emergence of FL and other forms of speaker behavior
as a result of both procedures, and finally, I will review studies that have compared the
effects of MTS and SP on derived relations that did not involve vocal or other topography-
based responding.

MTS and SP Procedures. In research on emergent vocal responding following MTS

listener instruction, each instructional trial usually consists of the presentation of an auditory
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sample stimulus (a spoken word) and three or more visual comparison stimuli (e.g., pictures).
That is, they differ from MTS trials in the present study (and CALL applications such as
Rosetta Stone®) in that the sample stimulus is solely auditory without a textual component.
The trials may be delivered on a computer or in tabletop format using printed picture. The
participant’s target response usually is touching or pointing to a specific item or picture. The
correct response (selecting the correct stimulus) is followed by the delivery of a consequence,
such as the experimenter saying “That’s right!”, the written word “CORRECT” on the
computer screen, token or point delivery, sounds or animated gifs. Incorrect responses may
be followed by no consequence, error feedback (e.g., presentation of the correct response), or
a correction procedure (e.g., repetition of the trial with a prompt to select the correct
stimulus).

In SP instructional trials, there are no programmed contingencies of reinforcement
and the participant is not required to emit any response. Instead, word-object relations are
introduced via the experimenter’s live modeling of a tact, or contiguous presentation of the
auditory and visual stimuli via computerized instruction. If a response is required from the
learner at all, it is only in the form of a non-differential response to advance from one trial to
the next (e.g., pressing “next” on a computer screen).

MTS and SP: Emergence of Foreign-Language Speaker Behavior. A number of
studies have examined the emergence of stimulus control over FL vocal responses (i.e.,
emergent FL tacts and intraverbals) as a result of either MTS or SP procedures. Most of these
studies have examined the extent to which a particular procedure is sufficient to produce
emergent tact and intraverbal control or compared different procedures that involved

contingencies on active student responding, either for children of typical development (e.g.,
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Cao & Greer, 2019; Cortez, et al., 2020, 2021; Haegele et al. 2011; May, et al., 2016;
Petursdottir & Haflidadottir, 2009; Petursdottir, et al., 2008; Rosales, et al., 2011; Rosales et
al., 2012) or adults (Rocha e Silva & Fester, 1966).

Out of these studies, none have directly compared MTS and SP procedures. Most of
them have simply examined the efficacy of either MTS or SP procedures to produce
emergent vocal responses, or compared MTS to vocal tact instruction (for a review, see
Wooderson et al., 2022). Studies on the emergence of speaker behavior following MTS have
shown mixed results. College students were reported to acquire emergent speaker relations
(Rocha e Silva & Fester, 1966), while studies with children failed to consistently demonstrate
emergence of tact or intraverbal relations (Cortez, et al., 2020, 2021; Petursdottir &
Haflidadottir, 2009; Petursdottir et al., 2008; Rosales, et al., 2011). Only two studies to date
have evaluated emergent FL tacts or intraverbals following SP (Cao & Greer, 2019; Rosales,
et al., 2012). Cao and Greer (2019) conducted a SP procedure with preschoolers who were
native English speakers, to evaluate the acquisition of tacts in Chinese. In the SP trials, the
experimenter stated the name of the stimulus (e.g., “This is X”), and then asked the
participants to match the stimulus with another identical stimulus in an array (e.g., “Match X
with X”). Overall, the SP procedure was effective in establishing listener and tact responding
to familiar and non-familiar visual stimuli in Chinese, but only after participants received
training to echo Chinese speech sounds.

Combining the mixed results on the MTS studies with a scarce number of studies on
SP procedure on deriving foreign-language speaker relations, the question of which

procedure would more consistently produce emergence of speaker relations remains
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unanswered. However, additional studies have examined emergent speaker relations
following MTS and SP outside of the context of foreign-language instruction.

MTS and SP: Emergence of Other Speaker Behavior. Studies that have examined
effects of either MTS or SP procedures have sometimes found that speaker relations
emerged, other times that they did not, or results were variable. Past research on speaker
emergence after listener MTS instruction has often been conducted for the purpose of
evaluating instructional sequences (i.e., receptive-before-expressive vs. expressive-before-
receptive) in language instruction with children with neurodevelopmental disorders. In this
population, listener MTS instruction has typically not produced high levels of speaker
responding under stimulus control (for reviews, see Contreras et al., 2020; Petursdottir &
Carr, 2011), but some studies have achieved more positive results (Keintz, et al., 2011;
Kobari-Wright & Miguel, 2014). Mixed results have been obtained with children of typical
development (Connell & McReynolds, 1981; Griffith et al., 2018; Horne, et al., 2004; Horne,
et al., 2006; Miguel, et al., 2008), whereas adults generally demonstrate emergent speaker
behavior after MTS instruction (Connell & McReynolds, 1981; Griffith et al., 2018).

In studies investigating the effects of SP on emergent stimulus control, speaker
behavior has similarly emerged following SP for some, but not all participants with and
without neurodevelopmental disorders (Boelens, et al., 2007; Byrne, et al., 2014; Omori &
Yamamoto, 2013; Petursdottir et al., 2020; Ramirez, et al., 2009; Solares & Fryling, 2019;
Takahashi, et al., 2011). Another set of studies have compared SP with direct tact or
intraverbal instruction, in which tact and intraverbal relations are taught directly via
prompting and prompt-delay procedures, while reinforcing correct responses and correcting

incorrect responses. The primary purpose of these studies (Vladescu & Kodak, 2013;
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Nottingham, et al., 2017) has been to evaluate the effects of “instructive feedback”, in which
extra, non-target stimuli are presented as consequent events in instructional trials (e.g., during
praise statements) and students are not required to respond to those additional stimuli —
similar to an SP procedure. Most of the participants in these studies acquired the secondary
targets without explicit instruction, suggesting SP had the same effects on vocal behavior as
instruction that placed contingencies on vocal behavior,

In summary, both MTS and SP procedures have been found to produce emergent
speaker behavior. However, results have varied across participants and studies, and only two
studies have compared the effects of the two procedures on emergent speaker behavior.
Perez-Gonzales, et al. (2014) compared MTS instruction to a SP procedure with children of
typical development. Overall, the outcomes of tact probes for SP versus MTS were mixed.
Four children performed with equal accuracy in both conditions. For two other participants,
more instances of emergence occurred in the MTS condition, whereas the last participant
showed more emergence in the SP condition. Vallinger-Brown and Rosales (2014) also
compared SP and MTS procedures, however, the number of training trials was equated for
both conditions. The participants were children with autism, and the dependent variable was
intraverbal responses emitted following training in each procedure. The results revealed that
MTS resulted in more emergent intraverbal responses compared to SP procedure for two
participants, while SP and MTS conditions produced emergent intraverbal responses in
similar accuracy for a third participant.

In summary, of the two studies that directly compared emergence of vocal speaker
relations following MTS versus SP procedure, neither produced conclusive results. In

addition, participants in both studies were children, as has also been the case in most of the
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literature on emergent speaker behavior following MTS and SP instructions. As a result,
implications for trial design in CALLare difficult to determine.

MTS and SP: Effects on Derived non-Vocal Responding. Three studies have
compared the effects MTS and SP procedures on emergent relations that did not involve
vocal responding, with adults as participants. The primary dependent measure in these
studies was equivalence test performance; that is, the emergence of novel relations among
stimuli based on common nodes (e.g., an emergent relation between stimulus A and stimulus
C after relations were trained between stimuli A and B and between stimuli A and C), as
assessed on an MTS test. Leader and Barnes-Holmes (2001) conducted a series of
experiments to evaluate the effectiveness of MTS and SP procedures on the emergence of
equivalence responding. In the first two experiments, SP produced consistently superior
equivalence test performance compared to MTS. Results of the third experiment suggested
that these results could be attributed to the presence of negative comparisons in MTS trials.
However, subsequent studies failed to replicate Leader and Barnes’s (2001) results, finding
either mixed results (Kinloch et al., 2013) or an advantage of MTS trials (Clayton & Hayes,
2004).

In summary, Leader and Barnes-Holmes’ (2001) experiments suggested that exposure
to stimulus relations was the crucial variable for derived relations to emerge. Participants
exposed to SP performed better on equivalence compared to MTS participants only when the
presence of negative comparisons made it possible to make incorrect responses in MTS trials,
thereby preventing exposure to the target “correct” relation. The experiments by Clayton and
Hayes (2004) suggested the opposite: That the presence of response contingencies in MTS

trials might override the effects of having more exposure to the target stimulus relations in
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SP. Finally, Kinloch et al. (2013) produced mixed findings. The discrepant results may be
related to the particular stimuli used; for example, Leader and Barnes-Holmes (2001) used
pronounceable printed pseudowords as stimuli, whereas Clayton and Hayes (2004) used
written Chinese characters for non-Chinese speaking participants. Additional research is
needed on conditions under which SP and MTS trials produce differential effects on learning.
Training Design: The Potential Efficiency of Teaching a Small Number of Relations
Another difference between CALL programs is that some tend to present
predominantly one type of trial, interspersed by tests using other trial types, whereas other
programs present different trial types through training, in a mixed arrangement. For example,
in Rosetta Stone®, the relations between the auditory stimulus “sapo” (A), the textual
stimulus “SAPO” (B), and a picture of a frog (C), are usually taught by presenting the
auditory stimulus and the textual stimulus together as a sample, followed by the picture of the
frog (AC-B). Alternatively, in other applications as Duolingo®, the stimulus relations might
be presented in an intermixed fashion. For example, the learner might first be exposed to an
MTS trial for the CB relation (i.e., see a picture of a frog and select the textual stimulus
“SAPO” from several options), next to an AC trial (i.e., hear “sapo” and select a picture of a
frog from several options), and after that a BD trial (i.e., see the word “SAPO” and select or
type the English word, D, “FROG”), and so on. In the first example, only one type of
stimulus relation is directly taught (i.e., the AB-C relation), whereas in the second example,
multiple types of trials are mixed together to teach a single vocabulary target (i.e., the
relation between the spoken foreign word, the written foreign word, and their visual referent).
The former arrangement is similar to equivalence-based instruction (EBI), in which only the

minimal number of relations needed to connect a network of stimuli is taught, whereas the
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latter arrangement is similar to the alternative of teaching all possible relations among the
stimuli.
Stimulus Equivalence and Equivalence-Based Instruction

Basic research on stimulus equivalence (SE; cf. Sidman & Tailby, 1982) focuses on
how new relationships between a set of three or more dissimilar stimuli emerge without
reinforcement after teaching specific direct relations with stimulus subsets. For example,
learning that A goes with B, B with C, and C with D will lead the learner to behave as if A
goes with C and D goes with B, even though these stimuli have never been associated
through direct experience. The learners come to treat physical dissimilar stimuli as
functionally interchangeable as a result of acquiring overlapping conditional discriminations
(e.g., in the presence of stimulus Al, select B1 but not B2 or B3, and in the presence of B1,
select C1 but not C2 or C3).

EBI is an approach to instructional design that applies the principles of stimulus
equivalence to teaching educationally relevant content. Over the years, EBI technology has
been widely applied to teach socially relevant concepts and skills, to a variety of individuals
(Brodsky & Fienup, 2018; Rehfeldt, 2011), as recycling skills to typical developing kids
(Bolanos et al., 2020), piano skills to children with autism (Hill, et al., 2020), neuroanatomy
(Pytte & Fienup, 2012), and statistics to undergraduate students (Sandoz & Hebert, 2016).

The primary claimed benefit of EBI is that it is an efficient approach to instruction
(e.g., Critchfield, 2018), as training one or a few relations can yield emergent responding of
different relations that were not directly taught, thus potentially saving instructional time.
Several studies have evaluated this claim by comparing the efficiency of EBI (i.e., teaching

the minimal number of relations needed to connect a network of stimuli) to a control
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condition in which all possible relations among the stimuli, or a larger number of relations
than necessary, are included in instruction (Fienup & Critchfield, 2011; Petursdottir &
Oliveira, 2020; Oliveira, et al., 2021; Zinn et al., 2015). Across studies, results suggested that
under some circumstances (e.g., depending on the training structure and mastery criteria
used), EBI might require less training than CI, but yield similar performance on a later
equivalence test.

Application to Foreign-Language Vocabulary Instruction

Matter et al. (2020) investigated the effects of teaching only one type of relations
(tacts of visual stimuli) versus teaching multiple relations (tact, listener, native-foreign
intraverbals and foreign-native intraverbals) when teaching Spanish words to four
prekindergarten students. This study was similar to the aforementioned comparisons of EBI
and control conditions that teach more than the minimal number of relations. However, EBI
typically involves teaching two novel relations to connect three stimuli, whereas Matter et al.
(2020) were able to connect foreign-language words, native-language words, and visual
referents by teaching only relations between the foreign-language words and visual referents,
as relations between native-language words and visual referents presumably already existed
in the participants’ repertoires.

Stimulus sets were either assigned to a Tact condition or to a Mixed condition in
training sessions composed of 12 trials. During the Tact condition, participants were taught
to label pictures in Spanish (“What is this in Spanish?”’). In the Mixed condition, participants
were taught to label pictures in Spanish, select pictures according to their name in Spanish
(“Point to [Spanish word]”), translate words from English to Spanish (“What is [English

word] in Spanish?”), and translate words from Spanish to English (“What does [Spanish
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word] mean?”). After reaching criterion of two consecutive sessions with 11 or 12 out of 12
trials correct for both Tact and Mixed conditions, posttest sessions assessed participants’
performances for each relation (i.e., listener, tact, NF, and FN intraverbal relations). Overall,
Tact training required fewer sessions to meet the mastery criterion than Mixed training.
Additionally, Tact training was sufficient to produce criterion-level emergence of most
untrained relations for all participants. Follow-up sessions conducted two and four months
after the posttest session suggested that Tact training also resulted in better maintenance than
Mixed training.

The last experiment (Experiment 2) of the current study built upon Matter et al.
(2020) by comparing a training design consisting exclusively of AB-C compound MTS trials
as in Experiment 1 to a mixed training design involving a greater number of relations.
Summary

In summary, the present study sought to evaluate trial designs and training designs
that are commonly used in popular commercially available CALL programs. With respect to
trial design, the goal was to evaluate emergent stimulus control over vocal and typed foreign-
language responding following compound MTS and SP instruction. With respect to trial
design, was to compare the efficiency with which participants acquired the same emergent
stimulus relations as a result of an instruction that teaches a small number of relations
(Compound MTS condition) versus an instruction that directly targets a greater number of
relations separately (Mixed condition).

Experiment 1a
Experiment 1a used a between-subjects design to compare the effects of three

computerized training conditions on emergent foreign-language vocal and typed responses.
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The MTS condition was modeled after Rosetta Stone®. In each trial, the participant was
exposed to a compound auditory-textual sample stimulus and learned to select the picture
that corresponded with the specific compound stimuli. In the SP condition, the participant
was exposed to the compound auditory-textual compound and a picture, and there was no
response requirement; these trials were similar to those presented in Memrise®. The third
condition was a Mixed condition, in which the participants received intermixed MTS and SP
trials throughout training. Given the inconclusive results of previous comparisons of MTS
procedures, neither procedure was predicted to have a consistent advantage over the other.
However, Mixed was predicted to produce higher post-test performance compared to the
other groups, as SP trials exposed them to all positive pairs of stimuli (Leader & Barnes-
Holmes, 2001) and MTS trials included contingencies on active student responding
throughout training (e.g., Kritch et al., 1995).
Method
Participants

Sixty undergraduate students (48 female; age range between 18 and 35 years old)
were recruited from the psychology department’s human subjects pool to participate for
course credit, and were randomly assigned to three groups. The MTS group (N = 20)
received MTS instruction, the SP group (N = 20) received SP instruction, and the Mixed
group (N = 20) received SP and MTS training trials, in a random order. Demographic
information for each group is shown in Table 1. The groups did not differ significantly on
age (F = .97; p = .46) or reported gender identity (y = 3.41; p = .49). All participants reported
their native language as being English, except for one participant in the SP group reported

their native language as being Hindi, one participant in the MTS reported Italian, and one
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participant in the Mixed condition reported their first language as being Chinese. There were
no differences between groups on their ability to speak languages other than their native
language, how fluent they considered themselves when speaking another language, and
previous learning of a foreign language in a formal educational setting (ps > .58). There were
also no differences on the number of semesters participants learned a second language (F =
A7, p =.63), and no differences were found on previous experience with CALL applications
(¢ = 12.48; p = .13).

Table 1.

Participants’ Demographic information

Groups Mean age (SD) % female
SP 18.78 (1.67) 89.47
MTS 19.58 (1.43) 94.74
Mixed 20. 15 (3.77) 75

Setting and Materials

The experiment was completed in a single session, lasting two hours or less. The
sessions occurred remotely, via the Zoom platform. SuperLab 6.0 software was used to
present stimuli and record non-vocal responses.

Ten Portuguese words were selected as instructional targets. The target words were
composed of two syllables each, with different consonants in each syllable. The visual

stimuli consisted of ten 7 cm x 7 cm drawings (stimuli B), 10 text stimuli in Portuguese
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(stimuli C), and 10 text stimuli in English (stimuli C). All visual stimuli were displayed on
white background (see Table 2). The auditory stimuli consisted of ten audio recordings of the
spoken names of the pictures in Portuguese and ten audio recordings of the spoken names of
the pictures in English.

Table 2.

Experimental stimuli

Auditory stimuli  Pictures Textual Stimuli Textual stimuli N Auditory stimuli

A) B F(C) D) (E)
1 “Sapo” Frog SAPO FROG “Frog”
2 “Maca” Stretcher MACA STRETCHER “Stretcher”
3 “Bode” Goat BODE GOAT “Goat”
4 “Lixo” Trash LIXO TRASH “Trash”
5 “Loja” Store LOJA STORE “Store”
6 “Lata” Can LATA CAN “Can”
7 “Mato” Grass MATO GRASS “Grass”
8 “Fita” Tape FITA TAPE “Tape”
9 “Luva” Gloves LUVA GLOVES “Gloves”
10 “Foca” Seal FOCA SEAL *“Seal”
Procedure

The first of every three participants scheduled was randomly assigned to one of the
groups. The next two participants were randomly assigned to the remaining two groups, and
the last participant was assigned to the last group available. Participants had access to the
Zoom link via the Sona participant pool management system. Once the participant joined the
session, the experimenter sent the link for the initial questionnaire using Qualtrics. The
questionnaire included questions about participants’ previous knowledge of Portuguese,
access to a private space, followed by the informed consent, and a demographic

questionnaire. Informed consent was obtained for each participant. In the informed consent,
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participants were told that they would work on a computerized task to learn some new words
in Portuguese.

Then, the experimenter would share her screen and give remote control to the
participant, followed by the experimenter’s instruction: “I will now give you remote control
of my screen and start the computer program. The program will let you know what to do and
when you are done”. After accepting the remote control, the participant was able to type and
click on the stimuli presented on the experimenter’s screen. Participants underwent a pre-test,
training and post-test. At the end of the experiment, participants answered questions
regarding the level of engagement, level of stress and previous experience learning a foreign
language (see Appendix). Additionally, the experimenter vocally provided a debriefing,
explaining that participants were also invited to another follow-up test two weeks later. In the
follow-up test, participants retook the post-test.

Pre-, Post-, and Follow-Up Test. Participants underwent a pre-test, a post-test
(administered after training) and a follow-up test (administered two weeks after the post-
test). All tests were identical, except that the post-tests did not include echoic trials. Correct
and incorrect responses were followed by a black screen for two seconds. During test, there
were vocal trials (Echoic, Vocal Tacts, Vocal intraverbal NF and FN), Typing trials (included
Typing Tact, Typing intraverbal NF and FN), and MTS trials. Each stimulus was presented

once in each block, in a specific sequence (see Table 3).
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Table 3.

Trial types and the number of trials in Pre-test and Post-test
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Trial types

Stimulus

Response

Echoic (Pre-test only)
Vocal tact

Typing tact

Vocal Intraverbal NF

Typing Intraverbal NF
Vocal Intraverbal FN

Typing Intraverbal FN
BC

CB
CD

DC

Auditory stimulus in Portuguese
Picture

Picture

Textual stimulus in English
Textual stimulus in English
Textual stimulus in Portuguese
Textual stimulus in Portuguese
Picture

Textual stimulus in Portuguese
Textual stimulus in Portuguese

Textual stimulus in English

Vocalizing in Portuguese
Vocalizing in Portuguese
Typing in Portuguese
Vocalizing in Portuguese
Typing in Portuguese
Vocalizing in English
Typing in English

Selecting textual stimulus in
Portuguese

Selecting picture

Selecting textual stimulus in
English

Selecting textual stimulus in
Portuguese

At the beginning of the test, participants saw the following instruction:

“Thank you for being part of this study. For this first part, please repeat out loud the

words you hear.”. The first block consisted of echoic trials. They were only presented during

Pre-test. When presented with stimuli A, participants were instructed to “please repeat out

loud the words you hear”, or echo the word (e.g., repeat “mato”).

After that, participants saw the following instruction:
“Now, you will be asked to label some pictures and answer some questions. If you

don't know the answer, you can say or type "I don't know".”

The second block presented vocal tact (VT) trials: When presented with B stimuli, the

participant was asked “What is this in Portuguese?”. The third block included the typed tact

(TT) trials, in which the B stimuli were presented, and the participant saw the instruction

“Type the name of the picture in Portuguese”. The fourth block was the vocal intraverbal NF
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(VNF), where when presented with D stimuli, the participant was instructed to say the word
in Portuguese.

After that, the fifth block consisted of typed intraverbal Native-Foreign (TNF) trials,
where the D stimuli was presented, and the participant would see the instruction “Type this
word in Portuguese”. Then, participants were presented with a block of vocal intraverbal FN
trials (VFN), in which when presented with A stimuli, the participant was instructed to
provide the translation in English. Lastly, participants were presented with the typed
intraverbal Foreign-Native (TFN) trials. Trials in this block presented the C stimuli, and the
participant was instructed to type the translation in English. The last test block of the pre and
post-test consisted of selection trials. In an MTS format, the participant was presented with
the relations BC, CB, CD, DC in a randomized order. The first letter of the relations
represents the sample stimuli and the second letter represents the comparison stimuli.

Training. Participants were randomly assigned to three different groups: MTS, SP,

and Mixed condition. Training for the MTS group began with the following

instruction:

“Great job! Now, you will start the training phase.”

MTS Group. Participants in the MTS group underwent conditional discrimination
training in MTS format, with the sample as an AC compound stimulus, and B as the
comparison stimuli). Selection of the comparison stimulus was followed by the printed word
“correct” in green letters in the center of the screen. Selection of an incorrect comparison was
followed by the printed word “incorrect” in red letters, also in the center of the screen. The
feedback was displayed for 1 s, followed by a 1-s intertrial interval. Training trials appeared

once per block (10 trials in each block), in eighteen blocks. The number of training trials in
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each block was decided because in Smith et al. (in preparation), this number of training trials
per target in SP produced variable outcomes with a mean of 79% correct in immediate tact
post-tests. Therefore, a ceiling effect should not be an issue (i.e., MTS would have an
opportunity to either outperform or underperform SP).

SP Group. Participants in the SP group were presented with stimuli A, B and C
together. The participant was not required to perform any selection response, except for
clicking on the arrow. The click on the arrow was followed by a white screen during a 1-s
intertrial interval, and the next trial began. Participants had the same number of training trials
as the participants in the MTS group. See Figure 1.

Figure 1.

Sample of an MTS trial and an SP Trial

FOCA ‘») FOCA ‘)))

Corttinue

Mixed Group. Participants in the Mixed Group also received 180 training trials (90
MTS trials and 90 SP trials). The two trial types were presented in a random order
throughout the training phase.
Data Collection and Interobserver Agreement

Selection and typed responses were scored by the software. Typed responses were

scored as correct only if spelled correctly. The vocal trials were video recorded and
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participants’ vocal responses were scored as correct or incorrect by two independent
observers. A second observer independently collected data on 30% of the sessions (six
participants for each group) and the observers’ records were compared to assess interobserver
agreement. Correct responses were scored as correct only if they occur within 5 s of the
presentation of the stimuli and the corresponding vocal or non-vocal instruction (e.g., “What
is this?”, or when presented with a picture of a frog). Responses such as “I think it’s sapo” or
“maybe sapo?” were counted as correct responses, as long as the participant did not include
any other experiment word (e.g., “it’s maybe mato or sapo”). Incorrect responses were
defined as: (a) saying any of the other names used in the experiment, (b) saying any other
words not used in the experiment but that were not correct, and (c) not saying any of the
experimental names within 5 s. Approximations that consisted of minor articulation errors
were accepted and were defined for each participant based on articulation in the echoic trials.
Interobserver agreement for each Tact, Vocal Intraverbal N-F and Vocal Intraverbal
F-N test trials was calculated by dividing the number of agreements by the total number of
trials, and converting to a percentage. For Tact test trials, mean agreement was 90% (range,
80% - 100%) for MTS group, 90% (range, 80% - 100%) for SP group and 90% (range, 80% -
100%) for Mixed group. For Vocal Intraverbal N-F, mean agreement was 90% (range, 80% -
100%) for MTS group, 88.33% (range, 70% - 100%) for SP group and 90% (range, 80% -
100%) for Mixed group. Finally, for Vocal Intraverbal F-N, mean agreement was 96.67%
(range, 90% - 100%) for MTS group, 95% (range, 80% - 100%) for SP group and 98.33%

(range, 90% - 100%) for Mixed group.
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Data Analysis

Across the three experiments, the primary dependent measure was performance
accuracy on the final test after training, broken down by trial type. Other measures included
the time each group spent during training in each condition and their performance during the
follow-up test.
Inspection of the data revealed the distribution of some dependent variables departed at least
mildly from normality (p < .05 on the Shapiro Wilk test). Based on data on the robustness of
ANOVA and ANOVA alternatives to normality violations (Blanca et al., 2017; Lix et al.,
1996), the following decision rules were used to tests for between-group differences: The
Kruskal-Wallis test was used in case of extreme departures from distribution symmetry as
determined by skewness values exceeding £2.0. For less extreme departures from normality,
Fisher’s ANOVA was used if variances were homogeneous (p >. 05 on Levene’s test) and
Welch’s ANOVA for heterogeneous variances. Outliers were removed, when applicable, first
by visually identifying potential outliers on boxplots. After that, participants that performed
two standard deviations below or above the mean were removed from the analysis.
Results
Pre-test

During Pre-test (see Table 4), one participant in the SP group responded correctly for
2 trials in the Vocal Intraverbal and Typing Intraverbal F-N trials, and some correct selection
responses were made for MTS trials (range from 0 to 65% correct responses). For MTS
group, four participants responded correctly for 1 or 3 stimuli across the trial types. The
range of correct responses for MTS trials was from 0 to 62.5%. In the Mixed group,

occasional correct trials occurred for MTS trials (range 0 — 67.5%).
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Table 4.

Mean (SD) Percent Correct during Pre-test

SP MTS Mixed

Echoic 97.5 (5.5) 98.95 (3.15) 99.44 (2.36)
Vocal Tact 0 0 0
Typing Tact 0 2.5 (5.5) 0
Vocal Intraverbal N-F 0 0.52.24) 0
Typing Intraverbal N-F 0 2 (5.23) 0
Vocal Intraverbal F-N 1.05 (4.59) 1.5 (6.71) 0
Typing Intraverbal F-N 1(4.47) 2 (6.96) 0

MTS 22.25 (18.79) 31 (12.44) 28 (17.71)

Performance during Training

Participants in all groups were exposed to 180 training trials total. During training,
MTS participants required a mean of 6.15 blocks (range 0-16) before achieving 100% of
correct responding in two consecutive training blocks, while Mixed group required only 3.2
blocks (range 0-12) until reaching the same criterion in MTS trials. This difference was not
statistically significant (t = 1.69, p = 0.20). All participants, in both groups, reached criterion.

Training condition had an effect on the duration of the training phase, F = 4.46, p =
0.02 (see Figure 2). The SP group required statistically less time to complete training (M =
11.83 minutes, SD = 2.59) when compared to the MTS group (M =15, SD = 3.32), p = 0.012,
but there were no differences in training duration between the SP and Mixed groups (M =

14.42, SD = 1.97), or the MTS and Mixed groups (ps > 0.24).
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Figure 2.

Mean and Individual Training Duration in Minutes
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Note. Bars represent group means, and open circles represent individual participants data.

Post-test results

MTS

Although SP numerically outperformed MTS and Mixed groups for most of the

variables during post-test, there were no significant statistical differences between group

means (ps > .29). See Table 5 for post-test results.

Table 5.

Mean (SD) Percent Correct during Post-test

29

SP MTS Mixed

Vocal Tact 70 (15) 71.56 (21.50) 72 (25.73)
Typing Tact 70 (6.67) 65 (35.05) 63 (23.59)
Vocal Intraverbal N-F  71.11 (16.91) 58.75 (24.16) 70 (23.09)
Typing Intraverbal N-F  68.89 (18.33) 65 (30.24) 53 (30.93)
Vocal Intraverbal F-N 96.67 (7.07) 86.23 (25.05) 96 (8.43)
Typing Intraverbal F-N 97.78 (4.01) 90 (16.04) 85 (12.69)
MTS 99.4 (1.10) 94.38 (6.65) 98.5 (2.11)
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The criterion to pass the test for each measure was defined as 90% correct responses
or more. Overall, numerically more participants in the Mixed group passed each measure
during Post-test when compared to the other groups, for almost all the measures assessed.
The difference seemed to be more pronounced in one of the main dependent variables, VVocal
Tact trials, with a difference of 20% for SP group and 30% for MTS group (see Table 6).
However, there were no statistical differences between groups (ps > 0.07). There was a
marginal difference between groups in MTS trials (y = 5.86; p = .053). All participants in the
Mixed and SP groups passed MTS trials test, while only 17 out of 20 participants in the MTS
group passed the test.

Table 6.

Percentage (%) of Participants that Met Passing Criterion in Post-test

SP MTS Mixed

Vocal Tact 30 22.22 52.94
Typing Tact 14.29 20 20

Vocal Intraverbal N-F 20 22.22 33.33
Typing Intraverbal N-F 14.29 40 30

Vocal Intraverbal F-N 70 77.78 88.89
Typing Intraverbal F-N 60 80 70
MTS 100 85 100

Follow-up Test
Thirty-two participants (11 participants from SP group, 10 from MTS group and 11

from Mixed group) received a Follow-up test two weeks after the experimental session.
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Overall, SP group continued to do numerically better at Follow-up test on all measures,

including the main dependent variables, except during MTS trial types. The Mixed group had

numerically the poorest retention on all measures except for MTS trial types (see Table 7).

Table 7.

Mean (SD) Percent Correct during Follow-up Test

SP MTS Mixed

Vocal Tact 26.67 (23.45) 18.75 (15.53) 5 (7.07)
Typing Tact 37.78 (29.62) 25 (23.30) 15 (15.09)
Vocal Intraverbal N-F 30 (25) 20 (18.52) 10 (8.16)
Typing Intraverbal N-F  42.22 (31.53) 22.5 (19.82) 18 (16.87)
Vocal Intraverbal F-N 68.89 (23.69) 56.25 (28.25) 49 (14.5)
Typing Intraverbal F-N  71.11 (26.19) 58.75 (24.16) 58 (20.98)
MTS 81.82 (18.51) 88.13 (13.87) 92.95 (5.68)

Training had a statistically significant effect only in Vocal Tact trials (W = 4.37,p =

0.02), in which SP group performed significantly better than the Mixed group (p = 0.04). See

Figure 3. There were no differences between conditions for the other variables analyzed

during the Follow-test (ps > 0.22).
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Figure 3.

Mean Percent Correct for Vocal Tact trials during Follow-up Test
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Note. Bars represent group means, and open circles represent individual participants data.

In general, numerically, more participants in the SP group passed the Typing
Intraverbal N-F, Vocal and Typing Intraverbal F-N trial types than MTS and Mixed groups
(see Table 8). In MTS trials types, numerically, more participants in the Mixed group passed
the Follow-up test (72.72%), followed by MTS group (60%) and SP group (27.27%).

However, these differences were not statistically significant (ps > 0.09).
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Table 8.

Percentage (%) of Participants that Passed each Trial Type during Follow-up Test

SP MTS Mixed
Vocal Tact 0 0 0
Typing Tact 0 0 0
Vocal Intraverbal N-F 0 0 0
Typing Intraverbal N-F 11.11 0 0
Vocal Intraverbal F-N 22.22 12.5 9.09
Typing Intraverbal F-N 44 .44 20 0
MTS 27.27 60 72.72

Post-Questionnaire

No differences between groups were found for measures of interest, engagement, or
level of stress during the task (ps > 0.68).
Discussion

Overall, there were no differences between conditions for most of the measures
assessed during Post and Follow-up tests, except for differences in training duration and
Vocal Tact trials during Follow-up test. Overall, it was expected that the SP group would
require less training time, as participants were not required to engage in selection responses
followed by feedbacks. It was also expected the Mixed condition would perform better
during Post-test and Follow-up test measures, but results were inconsistent throughout the
experiment. For example, even though participants in the Mixed group numerically

outperformed participants in the SP group when looking at the percentage of participants that
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passed each measure on Post-test, SP group statistically performed better than Mixed
condition during Vocal Tact trials in the Follow-up test.

A potential explanation to why the Mixed condition did not consistently outperform
the other conditions could be that because trials in the Mixed condition were intermixed in a
random fashion. As a result, participants could be exposed to MTS trials for certain targets
before being exposed to any SP trials for those targets. Therefore, Experiment 1b repeated

Experiment 1a with a change in the Mixed condition.

Experiment 1b

The main goal of Experiment 1b was to evaluate if the effects of the Mixed condition
would be enhanced by guaranteeing that participants assigned to this condition would be
exposed to positive pairing for all AB-C relations before being required to respond to any of
them in MTS trials. Meanwhile, MTS and SP conditions received the same training as
before.
Method
Participants

Sixty-one undergraduate students participated. The groups did not differ significantly
on age (F = 1.77; p = 0.18) or reported gender identity distribution (y = 0.84; p = 0.66). See
Table 9. All participants reported their native language as being English, except for two
participants in the SP group reported their native language as being Swahilli and Burmese,
one participant in the MTS reported Spanish, and one participant in the Mixed condition
reported their first language as being Spanish as well. There were no differences between
groups on their ability to speak languages other than their native language, and previous

learning of a foreign language in a formal educational setting (ps >.24). There were also no
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differences on the number of semesters participants learned a second language, F =.71, p =
.50, and no differences were found on previous experience with CALL applications (F = .22;
p = .80). Six participants in the SP group considered themselves fluent when speaking
another language, compared to only one participant in each MTS and Mixed groups (y =
6.72, p = .04).

Table 9.

Participants’ Demographic Information

Groups Mean age (SD) % female
SP 19.28 (1.58) 80.95
MTS 20.05 (2.89) 73.68
Mixed 18.90 (0.85) 68.42

Materials and Procedure

Experiment 1b was identical to Experiment 1a, except that instead of presenting MTS
and SP trials intermixed, participants assigned to the Mixed group received one block of SP
trials (10 trials consisting of one presentation of each experimental stimulus), followed by
one block of MTS trials. The experimental stimuli, the sequence of trial types presentation on
tests, and the number of training trials were the same as Experiment 1
Data Collection and Analysis

Data were analyzed and interobserver agreement was assessed in the same way as in
Experiment 1la. For Tact test trials, mean agreement was 92.5% (range, 80% - 100%) for

MTS group, 88% (range, 80% - 90%) for SP group and 93.33% (range, 70% - 100%) for
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Mixed group. For Vocal Intraverbal N-F, mean agreement was 95% (range, 90% - 100%) for
MTS group, 88% (range, 80% - 90%) for SP group and 86.67% (range, 70% - 100%) for
Mixed group. Finally, for Vocal Intraverbal F-N, mean agreement was 95% (range, 90% -
100%) for MTS group, 98% (range, 90% - 100%) for SP group and 93.33% (range, 80% -
100%) for Mixed group.
Results
Pre-test

During pre-test, one participant in the SP condition responded correctly in two trials
Typing Tact trials, three Typing Intraverbal N-F trials and eight Typing Intraverbal F-N
trials. Three other participants made one correct response in the Typing Intraverbal F-N. The
SP group’s correct selection responses in MTS trials ranged from 12.5% to 97.5%. In the
MTS group, two participants made one to three correct responses in Tact, Typing Intraverbal
N-F, and Typing Intraverbal F-N trials. Correct selection responses for MTS trials ranged
from 0 to 60%. Finally, in the Mixed condition, some participants responded one to three
correct trials in Typing Intraverbal N-F and Typing Intraverbal F-N trials. Correct responses

in the MTS block ranged from 17.5 to 85%. See Table 10.
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Table 10.

Mean (SD) Percent Correct during Pre-Test

SP MTS Mixed
Echoic 95.83 (14.43) 95.83 (7.93) 98.13 (5.44)
Vocal Tact 0 0.83 (2.89) 0.63 (2.5)
Typing Tact 0 3.33(7.78) 0
Vocal Intraverbal N-F 0 0 0.63 (2.5)
Typing Intraverbal N-F 0 3.33(8.88) 0.63 (2.5)
Vocal Intraverbal F-N 0 0 1.25 (5.0)
Typing Intraverbal F-N 1.67 (3.89) 3.33(7.78) 3.13(8.73)
MTS 33.96 (22.35) 28.79 (22.75) 37.97 (23.65)

Performance during Training

During training, MTS participants required a mean of 7.0 blocks (range 3-16) before
achieving 100% correct responding in two consecutive training blocks, while the Mixed
group required only 2.9 blocks in MTS trials (range 2-8) until reaching the same criterion.
Two participants (one in MTS and another in the Mixed group) did not reach criterion during
training. Training condition had an effect on the duration the training phase, F =4.91, p =
0.011 (see Figure 4). The SP group required statistically less time to complete training (M =
13.07 minutes, SD = 4.50) when compared to the MTS group (M = 16.17, SD = 2.34),p =

0.008.
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Figure 4.

Mean and Individual Training Duration in Minutes
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Note. Bars represent group means, and open circles represent individual participants data.
Post-test results

Overall, MTS and Mixed tended to numerically outperformed SP group in most of the
measures assessed (see Table 11). However, the only significant effect of condition was on
MTS trials (K = 6.92, p = 0.03), in which the Mixed group performed significantly better

than SP group, p = 0.009 (see Figure 5).
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Table 11.

Mean (SD) Percent Correct during Post-Test

39

SP MTS Mixed
Vocal Tact 70.08 (24.54) 68.87 (19.22) 75.83 (21.96)
Typing Tact 60 (28.84) 70 (21.76) 69 (21.74)
Vocal Intraverbal N-F 64.16 (24.73) 64.70 (22.67) 67.78 (25.10)
Typing Intraverbal N-F 64.5 (31.20) 67.5 (24.03) 67 (22.50)
Vocal Intraverbal F-N 82.38 (17.86) 92.94 (13.58) 91.11 (19.37)
Typing Intraverbal F-N  82.38 (18.41) 93 (17.50) 91 (16.83)
MTS 95.66 (10.62) 95.26 (14.74) 96.75 (10.13)

Figure 5.

Mean Percent Correct for MTS Trials during Post-Test
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Note. Bars represent group means, and open circles represent individual participants data.

Overall, there were no differences between groups on other variables assessed (ps >

0.13). However, when outliers were removed from the analysis, there was an effect of
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condition on Vocal Intraverbal F-N (W = 7.58, p = 0.001) and Typing Intraverbal F-N (W =
5.51, p = 0.009). In Vocal Intraverbal F-N, SP performed statistically worse than MTS (p =
0.019) and Mixed groups (p = 0.003). In typing intraverbal F-N, participants assigned to the
Mixed group performed significantly higher than participants in SP group (p = 0.01). See
Figures 6 and 7.

Figure 6.

Mean Percent Correct for Vocal Intraverbal F-N during Post-test
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Mean Percent Correct for Typing Intraverbal F-N trials during Post-test
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In general, numerically, more participants in the MTS and Mixed groups passed most
of the assessed measures when compared to SP group. The difference between the proportion
of participants that passed each measure in Mixed and SP groups is evident for example, in
Vocal Intraverbal N-F (32% difference) and Typing Intraverbal F-N (38% difference).
However, these differences were not statistically significant (ps > .13), except for Typing
Intraverbal F-N trials (y = 9.29, p =.01). More participants in the MTS and Mixed groups (18
and 17 respectively) passed Typing Intraverbal F-N test trials, while 11 participants in the SP
group passed the test.

Table 12.

Percentage (%) of Participants that Passed each Trial Type during Post-Test

SP MTS Mixed

Vocal Tact 20 21.05 31.58
Typing Tact 20 30 30

Vocal Intraverbal N-F 15.79 22.22 33.33
Typing Intraverbal N-F 35 25 30

Vocal Intraverbal F-N 52.38 77.78 77.78
Typing Intraverbal F-N 47.62 90 85
MTS 94.74 95 90

Follow-up Test results
The last experimental session occurred in one of the last days of the school semester,
and the psychology department’s human subjects pool closing for the semester. Thus, it was

not possible to conduct a Follow-up session in this experiment.
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Post-Questionnaire

There were no differences between groups on measures of interest, engagement, or
level of stress during the task (ps > 0.10).
Discussion

The results of Experiment 1b were similar to the results of Experiment 1a in that there
were no consistent differences between groups. The change in the Mixed condition from
Experiment 1b did not produce the predicted advantage of this condition over the MTS and
SP conditions. A difference between the two experiments is that in Experiment 1a, the only
significant difference occurred at Follow-up and was in favor of the SP group over the Mixed
group, and in general, the SP group tended to numerically outperform the other groups at
Post-test and Follow-up. In Experiment 1b, by contrast, the SP group performed worse than
at least one of the other groups on two post-test measures. The reasons for this are unclear.

One possibility was that participants in the SP group clicked very fast through the SP
trials in the second experiment. To assess this possibility, we conducted correlations between
training time and the measures assessed during test. In both experiments, we found no
correlation between training time and performance during Post-test for SP group (ps >
0.054). We also analyzed the median reaction time for each participant then calculated the
mean of medians across the two experiments. Overall, SP group in Experiment 1b responded
numerically slower (M = 2556.6 ms, SD = 979.89) than participants in SP group in
Experiment 1a (M = 2245.28 ms, SD = 1039.69), but no statistical differences were found

between groups (p = 0.33).
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Overall, the two experiments did not suggest an advantage of one trial design over the
other, nor did it suggest an advantage of mixing MTS and SP trials in terms of facilitating the
emergence of tact or intraverbal relations.

Experiment 2

As previously mentioned, some CALL applications available (e.g., Rosetta Stone®)
employ the strategy that is similar to the MTS condition in the first two previous
experiments. In this training design, participants were presented with the auditory stimulus
(A) together with the written word in Portuguese (C). Participants engaged in a selection
response (B) followed by feedback. In this compound MTS condition, participants learn AC-
B relations across the experiment. Overall, participants assigned to this condition performed
similarly to participants in the Mixed condition, for most of the measures assessed on Post
and Follow-up Tests.

Other CALL applications (e.g., Duolingo®) present the different trial types in a
mixed arrangement. For example, in some trials, the individual practices an BA relation,
followed by AC, BC or CB relations. The stimulus relations are usually presented intermixed
throughout training. The goal of the present study was to compare the compound MTS trial
arrangement alone (similar to the MTS condition in the previous experiments) to intermixed
trials that address different types of relations related to the same word.

A recent study (Colasurdo et al., 2023) demonstrated that adults participants exposed
to a compound arbitrary stimulus in an MTS task required significantly fewer trials and
training blocks to demonstrate emergence of new and untrained relations when compared to
participants assigned to a single compound group. Overall, participants assigned to

compound and single stimuli group performed similarly during post-test, suggesting a
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potential benefit of efficiency when incorporating compound stimuli during MTS task. It is
important to note that Colasurdo et al. (2023) trained a minimal number of relations in both
conditions, so they both could be considered EBI conditions. In the current study, the mixed
MTS trials were equivalent to a complete instruction (Petursdottir & Oliveira, 2020; Oliveira
et al., 2021), except that the trials with auditory comparisons (e.g., spoken words in English
and in Portuguese) were omitted from training.

In the current study, the first prediction was that participants in the Compound MTS
condition would require less training trials than Mixed MTS, as the Mixed condition includes
redundant relations (e.g., BC and CB). Previous studies comparing EBI vs. Cl have found
that at least under some circumstances, a condition similar to CI might take more trials to
complete training compared to training that addresses a minimal number of relations (Fienup
& Critchfield, 2011; Oliveira et al., 2021; Petursdottir & Oliveira, 2020; Zinn et al., 2015). A
second prediction was that both groups would perform similarly during Post-test. It is
possible that Mixed MTS group could have an advantage over the Compound MTS group at
test, because stimulus control would have been established by all elements over relevant
selections. By contrast, in the Compound MTS group, it is possible that only the auditory
stimulus or only the textual stimulus would gain control over the relevant picture selection.
However, Colasurdo et al. (2023) found that participants who received Compound training
did as well at test as those who received training with elements in isolation.

Method
Participants
Forty-one students were randomly assigned to two different groups: Compound MTS

(N =20) and Mixed MTS (N = 21). The groups did differ significantly on age (t =2.19; p =
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0.03), or reported gender identity (y = 0.00; p = 1.00). See Table 13. Three participants in the
Compound MTS group reported their native language as being Spanish and another
participant reported their first language as being Hindi. Two participants in the Mixed MTS
reported their first language as Spanish, and one participant reported their first language as
being Vietnamese. There were no differences between groups on their ability and fluency to
speak languages other than their native language, previous learning of a foreign, the number
of semesters participants learned a second, and on previous experience with CALL
applications (ps > .14).
Materials and Procedure

The software, stimuli, and procedures were the same as the previous experiments.
Experiment 2 statistical decision rules were the same as Experiments 1a and 1b, with the
exception that Mann-Whitney U test was used instead of Kruskal-Wallis.

Table 13.

Participants” Demographic information

Groups Mean age (SD) % female
Compound MTS 20.37 (1.26) 89.47
Mixed MTS 19.47 (1.26) 88.89

Participants in both groups received feedback for correct and incorrect response in the
same way as previous experiments. Participants were first exposed to a fixed number of 70
training trials, followed by the presentation of more training trials, in which were repeated

until the participant reached the mastery criterion of 20 consecutive correct trials. The
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mastery criterion was the same for both groups. Additionally, pre and post-tests were the
same as the previous experiments, except that MTS test trials also included the relations AB,
AD, and EC.

The training phase began with the following instruction:

“Great job! Now, you will start the training phase. The more correct responses you
make, the sooner you will be done.”

Mixed MTS group. Participants received an MTS training that included the relations
AB, AD, BC, CB, CD, DC and EC. Each of the ten target words were presented once for
each relation type, resulting in a total of 70 different trial types. This decision was made to
guarantee that participants were exposed to each experimental stimulus at least once, for each
relation type. After receiving the first 70 trials, participants received more training trials, until
reaching the criterion of 20 consecutive correct responses.

Compound MTS group. Participants received MTS training in which A and C
stimuli were presented together as the sample, while B was the comparison (i.e., AC-B).
Participants were first exposed to seven training blocks (total of 70 training trials), to equate
the number of training trials that participants in the Mixed MTS group had to receive in order
to be exposed to at least one experimental stimulus for each relation type. Then, training
trials were presented and repeated, until the participant achieved the mastery criterion of 20

consecutive correct trials.
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Table 14.

Trial Types and Number of Trials in Pre and Post-tests

Trial types Number of trials
Echoic (only Pre-test) 10
Vocal tact 10
Typing tact 10
Vocal Intraverbal NF 10
Typing Intraverbal NF 10
Vocal Intraverbal FN 10
Typing Intraverbal FN 10
AB 10
AC 10
AE 10
BC 10
CB 10
CD 10
DC 10

Interobserver agreement was assessed in the same way as Experiments 1a and 1b. For
Tact test trials, mean agreement was 92% (range, 90% - 100%) for Compound MTS group,
and 90% (range, 80% - 100%) for Mixed MTS group. For VVocal Intraverbal N-F, mean
agreement was 90% (range, 80% - 100%) for Compound MTS group, and 98% (range, 90% -
100%) for Mixed MTS group. Finally, for Vocal Intraverbal F-N, mean agreement was 94%
(range, 90% - 100%) for Compound MTS group, and 100% for Mixed MTS group.
Results
Pre-test

During Pre-test (see Table 15), few participants responded correctly across the
assessed measures. The higher number of correct responses on Pre-test occurred on MTS test
trials, with variable range of responding for Compound MTS (range 0 — 62.85%) and for

Mixed MTS group (0 — 77.14%).
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Table 15.

Mean (SD) Percent Correct during Pre-Test

Compound MTS Mixed MTS

Echoic 97.33 (5.94) 98.13 (4.03)
Vocal Tact 0.5 (2.23) 1.43 (6.55)
Typing Tact 0.5 (2.24) 1.9 (6.80)
Vocal Intraverbal N-F 1(4.47) 1.43 (6.55)
Typing Intraverbal N-F 0 1.43 (6.55)
Vocal Intraverbal F-N 1(4.47) 1.43 (6.55)
Typing Intraverbal F-N 2 (6.96) 1.9 (6.02)

MTS 32.93 (15.88) 34.54 (19.43)

Performance during Training

There was an effect of condition on training time (U = 321, p = 0.001). Participants
assigned to the Compound MTS group required less time to reach criterion in minutes (M =
8.50, SD = 2.73) when compared to participants in the Mixed MTS group (M = 11.52, SD =

2.98). See Figure 8.
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Figure 8.

Mean and Individual Training Duration in Minutes
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Note. Bars represent group means, and open circles represent individual participants data.
There was also an effect of condition on the number of trials to reach criterion during
training when outliers were removed from the analysis (U = 253, p = 0.03). Participants in
the Compound MTS group required fewer training trials (M = 25.39, SD = 15.93) than the
Mixed MTS group (M = 33.50, SD = 16.95). See Figure 9. The first 70 trials that both groups

were exposed to were excluded from the analysis.
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Figure 9.
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Overall, there was no effect of condition on any of the variables assessed during Post-

test (ps > 0.08). See Table 16.

Table 16.

Mean (SD) Percent Correct during Post-Test

Compound MTS Mixed MTS

Vocal Tact 75.15 (17.08) 67.72 (22.88)
Typing Tact 75.55 (22.55) 74.21 (21.94)
Vocal Intraverbal N-F 70 (20) 67.37 (22.81)

Typing Intraverbal N-F
Vocal Intraverbal F-N
Typing Intraverbal F-N

MTS

73.89 (21.18)
91.11 (16.05)
90.55 (18.41)

95.71 (9.92)

74.21 (21.16)
93.16 (11.08)
94.76 (7.72)

97.67 (6.67)




TRIAL AND TRAINING DESIGNS IN FOREIGN-LANGUAGE 51

Overall, numerically, it looks like more participants in the Mixed MTS group passed
the test for most of the other measures (achieving at least 90% correct responses during test)
than Compound MTS group. However, there were no differences between groups (ps >

0.07).

Table 17.

Percentage (%) of Participants that Passed each Trial Type Test during Post-Test

Compound MTS Mixed MTS

Vocal Tact 33.33 9.52
Typing Tact 40 38.09
Vocal Intraverbal N-F 22.22 28.57
Typing Intraverbal N-F 40 40
Vocal Intraverbal F-N 72.22 75
Typing Intraverbal F-N 65 84.21
MTS 90 94.74

Post-Questionnaire

There were no differences between groups on measures of interest, engagement, or
level of stress during the task (ps>0.11).
Follow-up results

Thirty participants (15 participants from Compound MTS group and 15 from Mixed
MTS group) received a Follow-up test two weeks after the experimental session. There were
no statistically significant differences between groups for any of the measures assessed (ps >

0.26). See table below.
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Table 18.

Mean (SD) Percent Correct during Follow-up Test

Compound MTS Mixed MTS

Vocal Tact

Typing Tact
Vocal Intraverbal N-F
Typing Intraverbal N-F
Vocal Intraverbal F-N
Typing Intraverbal F-N

MTS

20.67 (21.87)
22.67 (24.04)
26 (24.14)
23.33 (24.69)
62 (32.34)
66.67 (30.63)

84.28 (19.97)

20.71 (14.92)
20 (21.38)
23.57 (20.23)
23.33 (21.27)
72.86 (15.41)
69.33 (24.63)

84.81 (20.45)

None or few participants passed the first four measures assessed during Post-test.
Numerically, more participants in the Compound MTS group passed Vocal and Typing
Intraverbal N-F compared to Mixed MTS group. Eight participants in the Compound MTS
group compared to nine participants in the Mixed MTS group passed the MTS test trials.

However, there was no statistical difference between groups (ps > 0.31).
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Table 19.

Percentage (%) of Participants that Passed each Trial Type Test during Follow-up Test

Compound MTS

Mixed MTS

Vocal Tact
Typing Tact
Vocal Intraverbal N-F
Typing Intraverbal N-F
Vocal Intraverbal F-N
Typing Intraverbal F-N

MTS

0

6.67

6.67

40

40

53.33

0

0

0

0

21.42

33.33

60

Discussion

Consistent with previous studies comparing EBI and CI conditions (e.g., Fienup &

53

Critchfield, 2011; Oliveira et al., 2021; Petursdottir & Oliveira, 2020; Zinn et al., 2015), the

Compound MTS condition was more efficient than Mixed MTS condition. The Compound

MTS group required less training time, less training trials, and achieved similar performance

to the Mixed MTS condition during Post-test and Follow-up measures. Overall, participants

in the first group were exposed to only three stimuli at each trial, while participants in the

Mixed condition received training on different stimulus relations in each trial. Directly

learning a small number of relations and acquiring a larger number of new relations “for

free” (Critchfield, 2018) is an important benefit for CALL applications, as users might

benefit from a more efficient instruction.
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General discussion

In the present study, the first set of experiments compared different trial designs
across three different groups (SP, MTS, and Mixed condition), while the last experiment
evaluated two different training designs, comparing a Compound MTS condition versus a
Mixed MTS condition. The prediction for Experiments 1a and 1b was that the Mixed group
would have an advantage over the two other conditions, as participants assigned to this
condition received both response contingencies and reliable presentation of each picture
along with its associated foreign auditory-visual compound. This prediction was not
confirmed. By contrast, Experiment 2 confirmed the prediction that the compound MTS
condition would require fewer trials to complete to mastery, while resulting in similar post-
and follow-up test performance.

Previous studies that compared MTS and SP have not provided conclusive evidence
of an advantage of one condition over the other (e.g., Clayton & Hayes, 2004; Kinloch, et al.,
2013; Leader & Barnes-Holmes, 2001). In the first two experiments, there was also not any
reliable difference between MTS and SP conditions. In addition, the Mixed condition did not
reliably outperform the MTS or the SP conditions. It is possible that the experiments may
have been underpowered to detect an effect; however, numerical differences between group
were not consistent across experiments. Another possibility is that trial design (i.e., SP vs.
MTS) is simply not an important determinant of acquisition in adults’ foreign-language
vocabulary learning. To date, only one study has found a consistent difference between the
outcomes of SP and MTS training, and this difference was in favor of SP (Leader & Barnes-
Holmes, 2021). The failure to replicate this finding in later studies that used different kinds

of stimuli, and also in the present study, could suggest that the effect is limited to the use of
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particular stimuli. Specifically, all stimuli in Leader and Barnes-Holmes were textual
pseudoword stimuli. It is possible that learning relations between pairs of these stimuli
required verbal rehearsal, which in turn may have been promoted in the SP condition due to
the consistent presentation of positive pairs.,

In Experiment 2, it was expected that the Compound MTS condition would require
less training trials than the Mixed condition, but both groups would perform similarly during
Post-test trials. In line with the initial prediction, the Compound MTS condition was more
efficient than the Mixed MTS condition, as participants in the first group required less
training trials and instructional time, and yet performed similarly to the second group in all
Post-test measures. These results are consistent with prior comparisons of EBI versus Cl
(Fienup & Critchfield, 2011; Oliveira et al., 2021; Petursdottir & Oliveira, 2020; Zinn et al.,
2015), and with studies that compared the potential advantage of using compounds compared
to single stimuli (Colasurdo et al., 2023).

The relative efficiency of EBI and CI has previously been found to depend on training
structure (Oliveira et al., 2021). Training structure (Saunders & Green, 1999) refers to the
way stimuli are linked and the specific order in which conditional discriminations are
established during training. Three typically used training structures are one-to-many (OTM),
many-to-one (MTO) and linear series (LS). In OTM (e.g., AB, AC), one set of stimuli act as
the sample (A) with different sets of comparison stimuli (B and C) across trials. In MTO
(.e.g, BA, CA), the samples are different (B and C), but the same set of stimuli act as
comparisons (A). In LS (e.g., AB, BC), one set of stimuli (B) serves as comparison stimuli in
some trials (AB) and as samples in other trials (AB). Previous research suggests that OTM

and MTO procedures increase the probability of class formation and may require less
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training trials to criterion compared to LS training structure (Arntzen, et al., 2010; Zaring-
Hinkle et al., 2016).

Training structure is not directly applicable to the current study, as only one relation
was taught in the Compound condition that was presumed to overlap with existing English-
language relations. However, the Compound condition could be thought of as being similar
to both MTO (participants could likely already select pictures given English-language
auditory-textual compounds) and LS training structure (participants could likely already say
or select English-language words given the pictures). Taken together, the present findings
suggest that there is an efficiency benefit to include just one type of relation for each target
word, regardless of whether that relation is auditory-textual compound to picture as in the
current study, or picture to spoken word as in Matter et al. (2020).

Some limitations should be noted. First, feedbacks employed throughout the current
experiments consisted of the written words “Correct” and “Incorrect”. Previous literature
discusses the potential positive impacts of representing a trial following an error. Staropoli, et
al. (2022), for example, compared a corrective feedback condition, in which a trial was
repeated after an incorrect response, against a condition in which incorrect trial were not
repeated. Results revealed that equivalence classes were learned with similar accuracy in
both conditions, but the corrective feedback condition resulted in higher maintenance of
acquired stimulus relations. The current study did not represent a trial followed by an error,
and maybe this would have produced different outcomes, as an enhanced performance for
MTS and Mixed groups during Post-tests or Follow-up tests.

A second limitation is that (a) no Follow-up tests were conducted in Experiment 1b,

and (b) Follow-up tests conducted for Experiments 1a and 2 yielded low levels of correct
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responding. For some participants, the tests occurred more than two weeks later (e.g., 17
days later). For example, in Experiment 1a, the mean percentage of correct responses on
Vocal Tact trials during the Follow-up test was 26.67% in SP group, 18.75% in MTS group,
and 5% in Mixed group. In Experiment 2, the performance on VVocal Tact trials was only
20.67% for Compound MTS group and 20.71% for Mixed MTS group. Potential
modifications that could have improved maintenance performance include conducting
multiple training session instead of just one, and scheduling Follow-up tests one week after
the experiment.

Future research could investigate how different types of stimuli (e.g., textual/auditory
vs. images/shapes/patterns, and novel vs. previously familiar/meaningful) affect relative
effects of SP vs. MTS trial design. Future studies could also examine if it is crucial for
efficiency to have the taught relation include a picture/object, or if the same effect would be

seen when teaching, for example, NF intraverbals.
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Appendix

Final questionnaire
1) How would you rate your interest in the learning task you just completed?
o Extremely interested
o Very interested
o Slightly interested
o Not interested
2) How would you rate your engagement in the learning task you just completed?
o Not engaged
o Slightly engaged
o Very engaged
o Extremely engaged
3) How would you rate your stress level while you were completing the learning task?
o Not stressed
o Slightly stressed
o Very stressed
o Extremely stressed
4) What strategies did you use to help you remember the words you had to?
5) What is your native language or language(s)? A native language is a language you
have spoken since early childhood and you can speak very well.
6) How would you describe your ability to speak languages other than your native

language?
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o | can string together sentences in one language other than my native
language(s)
o | can string together sentences in two or more languages other than my native
language(s)
o | cannot string together sentences in any language other than my native
language(s)
7) Do you consider yourself a fluent speaker of any language other than your native
language(s)?
o Yes, I am fluent in one or more language(s) other than my native language(s)
o No, I am not a fluent speaker of any language(s) other than my native
language(s)
8) Have you learned a foreign language in a formal education setting (e.g., in a college
class or in high school)?
o No
o Yes. Number of semesters?
9) What was the foreign language or languages you learned in a formal educational
setting?
10) Have you ever tried to learn a foreign language through a computerized self-
instruction program like Rosetta Stone, Duolingo, or Babbel?
o Yes, but I did not learn very much
o Yes, and | learned a lot

o No
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ABSTRACT

EVALUATING DIFFERENT TRIAL AND TRAINING DESIGNS IN COMPUTERIZED
FOREIGN-LANGUAGE VOCABULARY INSTRUCTION

By Juliana Sequeira Cesar de Oliveira, Ph.D., 2023
Department of Psychology
Texas Christian University

Dissertation Advisor: Dr. Anna Ingeborg Petursdottir, Associate Professor of Psychology

The present study sought to evaluate trial designs and training designs that are
commonly used in popular commercially available computer-assisted language-learning
(CALL) programs. The first two experiments (Experiment 1a and 1b) compared the effects of
passive viewing and active student response methods in vocabulary learning. Contingencies
on active student responding were implemented in the form of compound matching to sample
(MTS), in which each trial presented a compound sample (i.e., an auditory and a textual FL
stimulus), to which the learner was required to respond by selecting a matching picture from
an array of choices. This approach is characteristic of vocabulary-learning trials in Rosetta
Stone®. Passive viewing was represented by stimulus pairing (SP) trials, in which the
auditory FL stimulus, the textual FL stimulus, and the matching picture were presented
simultaneously, and no response was required from the learner other than clicking to advance
to the next trial. This approach is characteristic of vocabulary-learning trials in Memrise®.
With respect to training design, the goal of Experiment 2 was to compare the efficiency with
which participants acquired the same emergent stimulus relations as a result of an instruction
that teaches a small number of relations (Compound MTS condition) versus an instruction
that directly targets a greater number of relations separately (Mixed condition). The

prediction for Experiments 1a and 1b was that the Mixed group would have an advantage



over the two other conditions, as participants assigned to this condition received both
response contingencies and reliable presentation of each picture along with its associated
foreign auditory-visual compound. This prediction was not confirmed. By contrast,
Experiment 2 confirmed the prediction that the compound MTS condition would require
fewer trials to complete to mastery, while resulting in similar post- and follow-up test

performance.



