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Abstract

Horne and Lowe (1996) suggest that learning a common name for several
arbitrary, or disparate, stimuli may establish a category relation between these
stimuli. The present studies explore in 3- to 4.5-year-old children whether categories
at different levels can be established less directly by training intraverbal relations
between lower-level names and potential higher-level category names.

In Study 1a, the children were trained to tact (see animal — say name) eight
different “alien” animals randomly allocated to four two-member common name
categories. When tested, all 11 children who were tested showed the corresponding
untrained listener behaviour (hear /name/ — select animal).

Study 1b linked these lower-level names (hib, feb, tor, and lup) to potential
higher-level names (zaag and noom) in an echoic and intraverbal game. Following
this, 5 out of 8 children showed correct listener behaviour at the higher name level in
Leg 1 of the study, and 3 out of 5 in Leg 2.

In Study lc, two gestures were trained, one to a zaag, one to a noom. One of
the 3 children showed untrained transfer of function to all other aliens, via lower-
and higher-level names. Another child showed partial transfer.

In Study 1d, animal cries were trained to two different aliens, again to one
zaag and one noom. The one remaining child showed partial transfer.

Study le found that a more general verbal prompt than that used in Studies 1c
and 1d elicited the appropriate gestures and animal cries, but never both on the same
trial.

Studies 1f and 1g found listener behaviour to the gestures and animal cries to
be in place.

When tested in Study 1h, the child correctly sorted all stimuli into lower- and
higher-level categories.

Studies 2a-h replicated these studies, but employed pre-training with familiar
stimuli before the alien Studies 2a, 2b, 2c, and 2h. Alien tact training required fewer
trials than in Studies la-1h, and 3 more children (7/8, and one more in retests)
showed correct listener behaviour at the higher name level in Leg 1, while 3 out of 7
passed for Leg 2. However, transfer of function results were as in Studies 1, while in
Study 2h the child sorted stimuli correctly into lower-, but not higher-level
categories.

The data are consistent with a Skinnerian account of verbal behaviour.
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Chapter 1 The Development of Verbal Behaviour 1

Chapter 1 — The Development of Verbal Behaviour

Verbal behavior is undoubtedly the most important and conspicuous
behavioural characteristic of humans in relation to other species. From planning
a trip to the grocery store, to the development of new cultural practices, to
genocide, the influence of verbal relations are seen virtually everywhere in
human affairs. It is arguably the most important field for the future of behavior
analysis (Leigland, 2007, p. 336).

The study of verbal behaviour is of great importance, also to our
understanding of human behaviour in general, as Leigland points out here, and
elsewhere (see Leigland, 2001). Greer and Ross (2004) emphasize its relevance to
(normal and special) education: “our understanding of verbal behavior is key to the
analysis and teaching of new operants” (p. 143). Sundberg and Michael (2001)
highlight that verbal behaviour underlies most learning in normally developing
children. Therefore, when verbal skills are lacking or defective, the development of
these skills is a major goal. Sundberg and Michael describe the benefits of the
analysis of verbal behaviour, specifically Skinner’s, for children with autism. And
Greer and Keohane (2005) give an eloraborate description of how simple and more
complex verbal repertoires can be built up by training component skills, thus

specifying how the analysis of verbal behaviour can be, and has been, put to use.

Skinner’s Verbal Behavior

In publishing a 500-page book on verbal behaviour, Skinner (1957) expresses

his views on the importance of the topic. In his book Verbal Behavior, Skinner
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(1957) provides an interpretation of many aspects of verbal behaviour in terms of
general principles of behaviour. Underlying this undertaking is the assumption that
verbal behaviour is continuous with all other operant behaviour' (Schlinger, 1995),
although Skinner acknowledges that verbal behaviour has “many distinguishing
dynamic and topographical properties” (1957, p. 2) and that its study will require a
special approach.

It is a causal or functional approach that Skinner presents, rather than a
structural one. That is, he is interested in the causes and functions of verbal
behaviour, not in the structure of language. He leaves analyses of the latter to
linguists. To distinguish his subject matter from that of linguists, he avoids using
terms such as “language”, “language use”, and “language acquisition”. The causes of
behaviour to be searched for within a functional account should have an acceptable
scientific status; we should be able to measure and manipulate them. Therefore, ideas
or thought processes should not be invoked as causes. Skinner speaks of
“explanatory fictions” (1957, pp. 6-7) in these cases, because these ideas and thought
processes need to be explained in turn. Instead, the causes of behaviour should be
found in the environment, and in a person’s environmental history. Skinner notes that
verbal behaviour usually is the result of multiple causes.

Skinner’s functional definition of verbal behaviour is “behavior reinforced (or
effective) through the mediation of other persons” (1957, p. 2). In line with this
definition, he points out that any movement that can affect another organism may be
verbal; as examples he lists vocal behaviour, signing, writing, typing, pointing to

words, ceremonial language, and even the language of flowers and gems. To refine

b Operant behaviour is behaviour, which operates upon the environment (Skinner, 1957).
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the definition, he later adds: “the ‘listener’ must be responding in ways which have
been conditioned precisely in order to reinforce the behavior of the speaker” (1957,
p. 225). Skinner acknowledges that although the listener has a role in reinforcing the
speaker, the definition does not include listener behaviour as verbal. He confirms that
the behaviour of the listener is not necessarily verbal, and states, that “an adequate
account of verbal behavior need cover only as much of the behavior of the listener as
is needed to explain the behavior of the speaker” (1957, p. 2).

Verbal behaviour should not be confused with its traces, such as speech
sounds, transcripts, or texts. Within linguistics it is mostly these traces that are
studied (see Julia, 1983). Skinner focusses on verbal operants and the variables of
which they are a function. Verbal operants are verbal behaviours that have an effect
on (or, that operate upon) the environment, which in turn has an effect on the
organism. They are kinds of behaviour, rather than instances. An example of an
instance of behaviour is my neighbour greeting me, yesterday evening at 8 o’clock,
while greeting someone, in general, is a kind of behaviour. “Although we observe
only instances, we are concerned with laws which specify kinds” (Skinner, 1957, p.
20). A verbal operant, the “unit” of behaviour, does not have a fixed size. The
production of a single speech sound can be an operant (e.g., “oh!”), but so can the
production of a phrase, or even a whole sentence, as long as the behaviour in
question is under the same functional control (that is, a function of the same
environmental variables) when it is produced. Every speaker has a verbal repertoire,
which is a collection of verbal operants forming the potential behaviour of the
speaker. And every operant within that repertoire has a probability of emission
within given circumstances. This probability of emission, or strength, of a given

operant by a particular person at a given time is the dependent variable within the
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functional analysis, while the conditions and events in the present and past
environment of this person form the independent variables.

When responses are repeatedly followed by reinforcement, this builds and
maintains the strength of an operant. This process is called “operant conditioning”.
Reinforcement can be seen as some sort of reward, which can be tangible or non-
tangible. It can range from a biscuit, a stroke on the head or pat on the shoulder, to

"’

“well done!”, a smile, or even a glance in a child’s direction (see also Schlinger,
1995, pp. 179-181). What all these stimuli have in common is that they can increase
the strength of operants (see MacCorquodale, 1970, reacting to Chomsky’s, 1959,
criticism of the term “reinforcement”). And it is only when they are observed to do
so, that they can be classified as reinforcers; in other words reinforcers are defined
functionally with respect to whether they increase the future probability of the
responses they follow. Thus, what reinforces one person’s behaviour may not have
the same effect for someone else, and what reinforces someone’s behaviour at one
time may not do so at another time. Skinner also notes that automatic reinforcement
may occur. He speaks of automatic reinforcement, when a response automatically
produces reinforcement. That is, when a child produces a verbal response similar to
responses of her caregivers, or simply when she hears the sounds she produces, this

in itself reinforces these responses. There is no need then for a caregiver to provide

reinforcement.

In Verbal Behavior, Skinner (1957) gives a classification of different verbal
operants in terms of their functional relation to a stimulus (if present), reinforcement,
and other verbal responses. For this classification, he introduces several new terms.

The different verbal operants are listed below.
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Mand. This is a verbal operant in which the response is reinforced by the
consequence it specifies. For example, “help!”, “think!”, “no more what ifs!” or,
“somebody bring me some water”, all emitted within certain circumstances. There is
no particular relation between the response and a prior stimulus. Instead, the
response is controlled by conditions of deprivation, satiation, or aversive stimulation,
as is clear in the examples.” There are different types of mands, such as commands,
requests, advice, and warnings. Mands are established when a child emits a particular
verbal response (e.g., “hungry”) as a function of deprivation or aversive stimulation
conditions, and the verbal response is followed by specific reinforcement, reducing
the deprivation or aversive stimulation. Operant conditioning thus brings the
reinforcement specifying verbal response under the control of the relevant
deprivation and aversive stimulation.

Tact. A tact is a particular response under the control of a specific object or
event, or a property of either. An example is when someone sees a CD (for example,
having just opened a present), and says “(a) CD!” The presence of the stimulus
increases the probability of emission of the tact. A tact is brought about when
generalised reinforcement (e.g., “right!”) is provided for an appropriate verbal

response (“cat”) in the presence of a stimulus (a cat). Initially, approximations to the

? In relation to responses controlled by motivational conditions of deprivation, satiation, or aversive
stimulation, Michael and colleagues (see Laraway, Snycerski, Michael, & Poling, 2003) introduce the
term “motivating operations” (MOs), previously called “establishing operations” (see Sundberg &
Michael, 2001). According to Laraway et al., MOs have two defining effects. “They alter (a) the
effectiveness of reinforcers or punishers (the value-altering effect) and (b) the frequency of operant
response classes related to those consequences (the behavior altering effect)” (p. 412). For instance,
deprivations of liquid would momentarily increase both the effectiveness of water and other drinks as
reinforcers, and the frequency of behaviour that, in the past, has resulted in obtaining drink. Skinner
discusses conditions of deprivation and satiation in a very similar way, with the same example, in his
section on motivation and emotion (1957, p. 31-33, and see Chapter 3). He even speaks of “the
operations” we engage in when trying to alter the probability of emission of the response “Water!”:
“The important events are the operations which are said (by the layman) to change the state of thirst”
(1957, p. 32).
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appropriate verbal responses (e.g., “at” for “cat”), may be followed by generalised
reinforcement. This way, appropriate verbal responses are shaped. Caregivers may
also prompt for echoic behaviour (see below) when teaching a child to tact.

Skinner also describes several operants that are under control of verbal
stimuli; he distinguishes between echoic, textual and intraverbal behaviour.

Echoic behaviour. We speak of echoic behaviour when a speaker produces
sounds similar to a stimulus. For example, the stimulus is /cat/, and the speaker’s
response is “cat”. As Skinner writes, echoics are often taught with help of mands of
the type Say “X”. The listener (the child) then becomes a speaker, and her verbal
response will be reinforced when it has the sound pattern “X”. Generalised
reinforcement is used to establish an echoic repertoire. Initially, the child’s echoic
behaviour will be only an approximation to the provided model, but gradually the
child’s responses will become more similar to these stimuli. Once an echoic
repertoire is established, new verbal responses of any type (e.g., mands, tacts, etc.)
can be brought about more easily by modelling these responses, and prompting the
child to echo. Self-echoic behaviour is also observed in children, which may provide
automatic reinforcement (the child hears the sounds she produces, and this reinforces
the self-echoic behaviour).

Textual behaviour. A person is said to show textual behaviour when a verbal
response is produced under the control of a nonauditory verbal stimulus such as a
printed word, or Braille. An example would be when a speaker says “bike” when
seeing the letters BIKE. This type of behaviour arises when generalised
reinforcement is provided for vocal responses that correspond with stimuli consisting
of a letter, or of letter combinations. Caregivers or teachers can also prompt for

echoic behaviour in relation to the textual behaviour they model.
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Intraverbal behaviour. Intraverbal behaviour is verbal behaviour under the
control of other verbal behaviour, without the point-to-point correspondence between
stimulus and response that applies in echoic and textual behaviour. An example
would be when, in response to /the capital of The Netherlands/, one says
“Amsterdam”, or in response to /how are you?/, one says “fine thank you”. Skinner
points out that the alphabet, counting, adding, multiplying and most historical facts
are all learned as series of intraverbal responses. Intraverbal operants vary in size.
When citing the alphabet, an intraverbal is as small as one speech-sound. When
reciting a poem, it can consist of many words. A novel verbal stimulus can evoke one
or more intraverbal responses because it resembles other stimuli.

With regard to the establishment of intraverbal behaviour, Skinner makes
clear that in a person’s lifetime one particular stimulus comes to control many
different responses, and one particular response comes to be controlled by many
different verbal stimuli. This results from reinforcements “under a great variety of
inconsistent and often conflicting contingencies” (Skinner, 1957, p. 74). A verbal
stimulus can come to set the occasion for reinforcement of a particular response, for
example, when the two verbal forms often occur together. This could be the case
because nonverbal circumstances may regularly arise that evoke both forms. The
intraverbal behaviour that a person will show depends on the person’s verbal history,
as does all his or her other verbal behaviour. Therefore, a particular stimulus word
can evoke very different responses in different people. Skinner points out that a
group of people may show similarities in verbal history, which results for example in
most Americans (and inhabitants of other countries with red, white and blue flags)

responding to the stimulus /red, white/ by saying: “and blue”.
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As Catania (1988) points out with regard to all the verbal operants just
described, “any utterance, however, is likely to involve these and other relations in
combination (...). These elementary relations are only the raw materials from which
verbal behavior is constructed” (p. 7). Skinner (1957) notes, that perhaps more than
any other behaviour, verbal behaviour is likely to be under the control of multiple
causation. He stresses the role of intraverbal, echoic and textual responses, and
combinations of these, in sustained speech. And he highlights that “the effect of the
speaker’s own behaviour leads him to compose and edit what he says and to
manipulate it in verbal thinking” (1957, p. 80). In addition to the above relations,
Skinner (1957) therefore describes another type of verbal behaviour (another verbal
operant).

Autoclitic. Autoclitic behaviour is verbal behaviour based upon, or depending
upon, other verbal behaviour. Autoclitic behaviour plays a role in the production of
larger verbal responses, such as sentences. Sentences cannot solely be combinations
of the elementary units, the basic verbal operants, described above (Catania, 1988).
Autoclitic behaviour is involved in the process of self-editing, and in logical verbal
behaviour as well. Skinner (1957) identifies two main types of autoclitic: descriptive
autoclitics, and relational autoclitics.

Descriptive autoclitics are collateral verbal responses that can give different
types of information regarding the speaker’s own behaviour, or the controlling
relations of initial verbal responses. For example, they can specify which operant
they are combined with, whereby “I hear ...” is paired with an echoic, and “T ask you
...” with a mand. They can also describe different strengths of responses, as in “I
guess ...” versus “I assure you ...”. Or they can indicate the speaker’s emotional or

motivational condition, as in “I am happy to say... ”. The verbal community arranges
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the reinforcement contingencies that bring about descriptive autoclitic behaviour, by
asking a child questions such as, “Did you say that?” or, “Why did you say that?”
These questions are prompts for self-descriptive behaviour. Other questions, such as,
“Did you see it, or did someone tell you?” prompt for comments on the controlling
relations, while “Are you sure?” questions the child on the strength of her response,
and “Are you happy about that?” prompts for a comment on the child’s emotional
condition.

Relational autoclitics are verbal responses that modify other verbal responses
in a more subtle way than descriptive autoclitics, by playing a part in ordering and
grouping of responses. Examples of relational autoclitics are “with”, “to”, “and”,
“or”, and grammatical tags of inflection such as “-s” in “the boy runs”.

One can also speak of relational autoclitic behaviour, when autoclitic
“frames” (such as “...and... 7, and “the boy’s...”) are combined with responses that
are appropriate to a particular situation. Having learned a few specific instances of
verbal responses with regard to two objects (“the cat and the dog”, “the mum and the
dad”, and “the boy and the ball”), the partial frame “...and...” may become available
for combination with different responses. Skinner writes that the fully filled out
frames are a function of environmental variables, whereby “the relational aspects of
the situation strengthen a frame, and specific features of the situation strengthen the
responses fitted into it” (1957, p. 336). He calls these autoclitic frames “partially

conditioned” (p. 336).

3 Skinner does not elaborate upon this.
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Skinner (1957) maintains that verbal operants are functionally independent.
As he points out, when a child has learned to ask for a doll with the mand “doll!”,
this does not automatically entail that the child can also tact a doll (1957, p. 187).
And if the child does indeed have both the mand and the tact for a doll in her
repertoire, these involve different functional relations and each requires a separate
account. However, Skinner notes that sometimes when children have learned to tact
an object, they may also produce the corresponding mand, apparently without being
trained to do so.*

Furthermore, different operants, or different mands, cannot be distinguished
on the basis of the structural characteristics of the responses observed, as is done in
linguistics. They can only be categorised on the basis of the circumstances in which
they are emitted, and in the case of mands, on the basis of the behaviour of the
listener; if the listener does not provide the reinforcement specified by the speaker,
the emitted response did not function as a mand (see Richelle, 1976).

Sometimes it is hard to determine what type of operant is observed, because,
especially in the case of mands and tacts, there can be a mixture of controlling
relations. For example, when someone says, “oh, we’re out of milk!” this is a tact of
the situation in the fridge. But when, in reaction to this remark, someone else goes
out to buy some milk, it has also served as a mand. Skinner (1957, p. 151) calls this
an impure tact. Similarly, when mother and child are seated at the breakfast table and
mother asks the child, “What would you like?” the child may reply by saying,
“Chocolate spread”. If mother then puts chocolate spread on the child’s toast, the

child’s verbal response has served as a mand. But because the child said “Chocolate

* Horne and Lowe (1996, p. 211) write that, “once naming of an object is established, then, after direct
training on only a few mand relations, name-manding often follows”.
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spread” in the presence of chocolate spread, controlling relations of a tact are also
involved. Therefore, one could speak of an impure mand here (see Oah & Dickinson,
1989; and see Sundberg & Michael, 2001, pp. 710-711, who speak of a “pure mand”
when a requested item is not present, as opposed to a functional relation that is part

tact and part mand).

Chomsky’s review

Skinner’s book Verbal Behavior received many favourable reactions (see, for
example, Dulany, 1959; Morris, 1958; and Osgood, 1958. See also Knapp, 1992).
And then, there was Chomsky’s review (1959).

In his lengthy review, Chomsky heavily criticized Skinner’s book. His three
main points were as follows (see also Chomsky, 1965):

1) The behavioural approach is too simplistic to explain the complexity of language
learning.

2) The behavioural approach cannot explain the generativity that is observed in
children who are learning language. Direct training and reinforcement is not
necessary for every single item in a child’s repertoire (see Schlinger, 1995).

3) The poverty of the stimulus is a problem; the language environment of the
developing child is chaotic, and therefore an innate language acquisition device

(LAD) is needed (see Dale, 2004).
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These criticisms” led to the exploration of new directions within behaviour analysis

and the field of verbal behaviour.

Verbal behaviour: new directions

Three new approaches were developed, building on Skinner’s Verbal
Behaviour: stimulus equivalence theory, relational frame theory, and the naming
account. All three are behavioural accounts of categorisation.

Categorisation can be defined as responding in a similar manner to different
stimuli, whereby the stimuli can have similar features (as is the case for the category
of cats), or show no or hardly any physical similarities (e.g., the category of
furniture). As Lakoff notes, “Categorization is not a matter to be taken lightly. There
is nothing more basic than categorization to our thought, perception, action, and
speech” (1987, p. 5).

Categorisation is closely linked to the issue of generativity, raised by
Chomsky (see above). We can respond appropriately to new stimuli without being
trained to do so, because these stimuli belong to the same stimulus class as
previously encountered stimuli (having similar physical features, and/or being
members of a common name relation), and thus the new stimuli occasion behaviour

learned with regard to the previously encountered stimuli.® For example, when a

> See MacCorquodale (1969, 1970), and Richelle (1976, 1993) for reactions to Chomsky’s review.
See Palmer (2000a, 2000b), and Schoneberger (2000) for extensive behaviour analytic reviews of
Chomsky’s nativist approach. And see Andresen (1990, 1992), Czubaroff (1988, 1989), Lee (1984),
Richelle (1993), and Stemmer (1990) on the discussion between Chomsky and Skinner.

6 It is tempting to say that we respond similarly to different stimuli because we have categorised them.
But that would result in a circular formulation, because we have just defined categorisation as
responding similarly to different stimuli.
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child first sees a snake, a caregiver will tell her how to respond to it. One particular
snake belongs to the stimulus class of snakes. We learn features of classes of stimuli,
and that prepares us for situations in the future containing similar stimuli. Why this is
useful, is especially clear in this example of snakes. During the course of our lives
we regularly come across similar situations, and often our behaviour is shaped
further and further to become ever more appropriate towards specific classes (or
subclasses) of stimuli.

Categorisation is a topic that is widely studied within developmental
psychology (see, for example, Rakison & Oakes, 2003)". Stimulus equivalence
theory, relational frame theory, and the naming account attempt to analyse
categorisation and describe how it is established, from a behaviour analytic
perspective.

The naming account, with its extensive description of how verbal behaviour
may develop over the first two years of life, is the main focus of this thesis, and is
therefore described in detail below. However, first stimulus equivalence theory and
relational frame theory are described to provide the theoretical context in which the

naming account was developed.

Stimulus equivalence theory

In the 1970’s, Sidman and colleagues developed stimulus equivalence theory.

Sidman (1971) put forward the term ‘stimulus equivalence’ in an attempt to explain

the finding that in certain match-to-sample tasks people seemed to relate presented

7 And see Bruner, Goodnow and Austin (1956), and Neisser (1987) for remarkably behavioural
definitions of categorisation (coming from cognitive psychologists), in line with the definition given
here.
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stimuli in a bi-directional, symbolic way®, though they were not taught to do so (see
Sidman, 1992, and 1994, for an introduction to this account).

Match-to-sample tasks are procedures in which a participant is required to
match a sample stimulus to a particular one of the provided comparison stimuli. The
number of comparison stimuli can vary across experiments. An example of a match-
to-sample trial is when a participant is presented with the spoken word “car” as a
sample stimulus, and pictures of a car, a key, a dog, and the sun, or the printed words
CAR, KEY, DOG, SUN. Typically, match-to-sample studies start with baseline
training. For example, the participant is presented with the spoken word “car”
(stimulus A), and is trained to select the picture of the car (stimulus B) in the first
combination of comparison stimuli, and the printed word CAR (stimulus C) in the
second combination. In short, the relations AB and AC are trained. Following
baseline training, participants are tested. In tests, the elements within these relations
can be reversed, so that a sample stimulus becomes a comparison stimulus and vice
versa (BA, and CA), and elements from different relations can be combined (BC).

Sidman described three emergent relations observed in these match-to-sample
studies: reflexivity, symmetry and transitivity. He characterised the relations in
mathematical terms. Reflexivity (or identity matching) is observed when participants,
in the absence of direct training, match a stimulus on to an identical stimulus (i.e., if
A then A, if B then B). Symmetry is observed when after being trained on the
conditional relation ‘if A then B’, people demonstrate that the relation also holds
when the elements are reversed, that is, when presented with sample stimulus B they

select A (if B then A). And, transitivity is observed when after training on the two

8 There is a ‘symbolic’ relation between two stimuli, when one stimulus refers fo, or stands for
another (see Horme & Lowe, 1996, p. 201), as is the case, for example, for the printed word CAR or
the spoken word “car” in relation to a picture of a car.
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conditional relations ‘if A then B’ and ‘if B then C’, participants presented with A
select C (“if A then C’). These three relations are called ‘emergent’ relations, because
they were found to develop without direct training within the context of the
experiment. The combination of these three emergent relations shows that
equivalence is established between the stimuli A, B, and C. The stimuli form an

equivalence class, and the trained and tested relations are equivalence relations.

The stimulus equivalence research was seen as opening up new opportunities
for a return of behaviour analysis to the research area of symbolic categorisation and,
more generally, verbal behaviour. This was because stimulus equivalence research
seemed to complement the behaviour analytic account of verbal behaviour on just
those issues that, according to the critics, it was insufficient (as discussed above).

A problem was, however, that the emergent relations could not readily be
explained in terms of basic learning principles. Therefore, an alternative explanation
needed to be found. Sidman suggests that equivalence may be an “unanalysable
primitive in the description of behaviour” (1990, p. 111), as is the case for
reinforcement. Primitive stimulus functions are not derivable from other behavioural
processes (Sidman, 1992). In other words, equivalence relations may be a biological
“given”; they emerge as a result of specific reinforcement contingencies (Sidman,
2000), such as those provided in match-to-sample training, “because contingencies of
survival have made us that way” (1990, p. 113).

Sidman (2000) explains that the reinforcement contingencies (arranged in
baseline training of match-to-sample studies) produce analytic units and equivalence
relations. The analytic, or analysable, units can consist of two, three, four, five, or

more terms. In operant reinforcement, there is a two-term contingency, in which a
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defined response produces a defined reinforcer. In simple discrimination there is an
additional third term, the discriminative stimulus. Only in the presence of this
stimulus will the response produce the reinforcer. In conditional discrimination there
is an additional fourth term, a conditional stimulus. In the presence of the
discriminative stimulus the response will produce the reinforcer, but only if a specific
conditional stimulus is present. A contingency can have even more terms, for
example in the case of second-order conditional discrimination. As noted, according
to Sidman, reinforcement contingencies also have equivalence relations as outcome,
“these consist of ordered pairs of all positive elements that participate in the
contingency” (2000, p. 128). All the elements of the analytic unit or contingency
(stimuli, responses, and reinforcers) enter into the equivalence relations, and form
equivalence classes. Such potential relations arise when there is no conflict between
the contingencies and the equivalence relations.

There is a complication when several different simple or more complex
relations (e.g., the conditional relations A1B1, and A2B2) are trained with a common
reinforcer and/or a defined response (e.g., key pressing), which is possible. This
would result in all stimuli involved in these relations becoming part of one large
equivalence class (e.g., AIB1A2B2). Sidman (2000) suggests that this is initially
what happens, but that the contingencies then demand that the common response and
reinforcer elements selectively drop out of the class, so that the analytic unit (the n-
term contingency) can be formed. He notes that this problem can be‘ avoided by using
different responses and different reinforcers to establish separate relations. Sidman

speaks in this case of “contingency-specific reinforcers and responses” (2000, p.

137).
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As Sidman (1994, and 2000) points out, within equivalence classes the
distinction between stimuli and responses is removed.

Sidman (2000) also reacts to the question whether naming is a critical
determiner of the emergent performances that define equivalence relations (as

suggested by Dugdale & Lowe, 1990; and Horne & Lowe, 1996):

Any name we apply to stimuli is a defined discriminative response. Our theory
states explicitly that any defined response components of the contingencies
have a status that is equal in every way to the stimulus and reinforcer members
of the classes. Although just as important, responses require no separate
treatment. I think this provides a simple but satisfactory resolution to the

naming controversy (2000, p. 145).

So names, or verbal rules for that matter, can enter into the equivalence relations as
responses but should not be assigned any special status, or a special mediating
function (see Sidman, 1994). Sidman (1990) notes that when participants in match-
to-sample tests use names or verbal rules without being taught to do so, the question
arises what came first. It may well be that equivalence gave rise to the names or
verbal rules, rather than the other way around. If, however, it was the names or rules
giving rise to equivalence, then it remains to be explained where they came from.
Sidman (1992) adds: “That rules can give rise to equivalence relations does not mean
that equivalence relations require rules” (p. 21). Stimulus equivalence can indeed be
established by verbal rules or names, but it can also come about through experience
with contingencies (Sidman, 1992). All in all, one main point of Sidman’s (1994)
account is that verbal skills are not necessary for stimulus equivalence. Related to
this point, is that Sidman thinks that stimulus equivalence may also occur in other

animal species, and that if it were demonstrated in nonverbal animals, this would rule
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out the primacy of verbal behaviour in the development of stimulus equivalence. So
far, stimulus equivalence has not been demonstrated unequivocally in animals (but
see Schusterman & Kastak, 1993; and Horne & Lowe, 1996, p. 223-224; Horne &

Lowe, 1997).

Relational frame theory (RFT)

Two behaviour analysts who did not agree with Sidman and his colleagues,
are Hayes and Hayes (1989, 1992), later supported by Barnes-Holmes and colleagues
(e.g., Barnes-Holmes, Barnes-Holmes, Smeets, Cullinan & Leader, 2004). Hayes and
Hayes developed relational frame theory (RFT), which states that stimulus
equivalence and other verbal activities, such as naming, understanding, analogy,
metaphor and rule-following, are the result of a learning process of relational
responding (Barnes-Holmes, et al., 2004; and Hayes & Berens, 2004).

A relational frame is defined as “a specific class of arbitrarily applicable
relational responding” (Hayes, Barnes-Holmes & Roche, 2001, p. 33)°, and this
relational responding is derived, controlled by context, and the result of a learning
history (Hayes, 1994; Hayes, Barnes-Holmes & Roche, 2001).

A relation between stimuli is an arbitrarily applicable relation when one
responds to the relation between the stimuli on the basis of contextual cues, rather
than the physical form of these stimuli. To apply an example of Hayes (1991) to the
British coin system: a young child will work harder for a 10 pence coin than for a 20

pence coin, because the 10 pence coin is physically larger. The child’s relational

? Or, as Palmer (2004, p. 193) puts it: “a relational frame (...) is a set of responses that relate classes
of stimuli”.
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responding to the two coins is non-arbitrary, purely based on the physical form of the
stimuli (i.e., their size). An older child will work harder for the 20 pence coin,
thereby responding to the convention she has learned that although this coin is
physically smaller, it is worth more. Provided with the two coins as stimuli, and the
contextual cue of the word “more”, she would select the 20 pence coin. In this case,
the child’s relational responding to the two coins is arbitrary relational responding.
As this example makes clear, children learn to respond to stimuli in relation to other
stimuli and contextual cues.

Hayes (1994) describes three defining characteristics of relational frames
(arbitrarily applicable relations)'’. These characteristics are:

(1) Mutual entailment. A particular relation between stimulus A and B
implies a reciprocal relation between B and A. For example, if “A is more than (or
the same as, or opposite to) B”, then “B is less than (or the same as, or opposite to)
A”. Thus the relation is mutually entailed, and these relations are controlled by
contextual stimuli. The relation of sameness is comparable to symmetry as defined
by Sidman.

(2) Combinatorial entailment. A particular relation between stimuli A-B and
B-C implies not just a relation between B-A and C-B (by mutual entailment), but
also a relation between stimuli A-C and C-A. For example, if “A is bigger than B”
and “B is bigger than C”, then “A is bigger than C” and “C is smaller than A”.

Combinatorial entailment is comparable to transitivity as defined by Sidman.

H Blackledge (2003) notes that although the term “relational frame” might suggest a structure, it is
better to think in terms of a process, relational framing: “People frame events relationally in the
moment as an active process that is a function of their extensive learning history and stimulation in the
present environment. ‘Storage’ of these frames as structures is not implied and not required” (p. 429).
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(3) Transformation of stimulus function. When stimuli A and B are involved
in a relational frame, functions of one of these stimuli may transfer via the relational
frame to the other stimulus involved (Barnes-Holmes et al., 2004). For example, if
someone is offered a glass of apple cider but turns down the offer because she
doesn’t like alcohol, a friend may say: it’s just like apple juice. By specifying a
relation of sameness between apple cider and apple juice, the functions of apple juice
(e.g., the girl in the example would drink it when offered) can transfer to apple cider.
When more than one stimulus is involved in the frame (for instance, also a stimulus
C), the function of one stimulus may transfer to any or all of the other stimuli.

As the examples above suggest, there are several different types of relational
frames such as the frames of coordination, opposition, distinction, comparison,
hierarchical relations, temporal and spatial relations, and deictic relations. (For a
description of a typical relational frame experiment, see Palmer, 2004, pp. 191-192.).

Hayes, Barnes-Holmes, and Roche (2001, pp. 43-44) also offer a new
definition of verbal behaviour in terms of relational frames: “Verbal behavior is the
action of framing events relationally”, and they add, “verbal stimuli are stimuli that
have their effects because they participate in relational frames”.

Hayes (1994) suggests that stimulus equivalence is the result of the
application of one particular type of relational frame, that of “co-ordination”. In this
frame, stimuli are related on the basis of sameness (that is, similarity), whereby
sameness is determined by contextual cues, rather than the stimuli having the same
physical form (as in the example of the coins above). As for the role of naming in the
establishment of stimulus equivalence, proponents of RFT pose that the core-
defining element in both stimulus equivalence and naming is relational responding

(Barnes-Holmes et al., 2004). On the other hand, Hayes (1994) points out that
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naming and verbal rules can help establish stimulus equivalence, in the sense that
names can be contextual cues for relational responses. However, Hayes does not
consider naming to be necessary for stimulus equivalence; equivalence can also be
generated directly by contingencies, without there being rules or names involved.
Furthermore, according to Hayes and Hayes (1989), listener behaviour training in the
absence of naming (so without training speaker behaviour) should also help in
bringing about relational responding such as equivalence (see also Luciano, Gémez

Becerra & Rodriguez Valverde, 2007).

So how does arbitrarily applicable relational responding (relational framing),
and the resulting stimulus equivalence, come about? According to RFT it comes

about through multiple exemplar training:

(...) it seems that relating as an overarching class could be formed in a way
somewhat similar to that of generalized imitation—through exposure to
multiple exemplars across a variety of situational contexts that refine the nature
of the response and sources of stimulus control over it (Hayes et al., 2001, p.

25).

RFT was criticised for lacking a detailed description of the learning process
through which stimulus equivalence and relational frames are established (see Horne
& Lowe, 1996). Palmer (2004) shares this criticism. In his review of Hayes et al.’s
(2001) book, he asks with regard to multiple exemplar training, “but what counts as

an ‘exemplar’?” And he comments:

(...) it is not enough to refer to a history of multiple exemplar training, for that
expression embraces a wealth of mysteries. (...) much more detail is required

about the variability of the history and its relation to variability in behavior. In
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the case of relational frames, what are the critical features of the relevant

history, and precisely what behavioral effects follow? (2004, pp. 195-196).

Hayes and Barnes-Holmes’ (2004) response to this comment is that it is
included in the definition of operant response classes that they result from contingent
reinforcement (the authors refer to Catania, 1998). The authors maintain that it is
completely in line with this, to say that for a relational operant the relevant relational
properties are brought about through a history of reinforcement. Hayes and Barnes-

Holmes admit that,

(...) it is fair to point out that the specific histories that give rise to relational
frames have not yet been fully demonstrated, but that is not because those
histories are mysterious: it is because the relevant demonstrations are an
empirical matter (...) But conducting such empirical work requires considerable
clarity about the unit of behavior that is being shaped—clarity about that unit
and its implications are precisely why Relational Frame Theory is needed at this

point (2004, pp. 216-217).

Recently, Luciano et al. (2007) published a paper on the effects of training
multiple exemplars of object-word and word-object relations on generalized listener
behaviour and the establishment of derived equivalence. The authors suggest that
their results support relational frame theory, and disprove the naming account.
Because of the relevance of this paper to both accounts, and the strong claims, it will
be discussed here in more detail.

Luciano et al. report three experiments with a girl, Gloria, who was nearly 16
months old at the start of the experimental work, and nearly 24 months old by the

end of it.
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First, a pre-test (Test 1) was administered in which three objects with which
the child was unfamiliar were each presented three times. In the three trials for
Object 1, the vocal name was presented, while for Object 2 a gesture (a nonvocal
name) was presented. Thirty minutes later the child was asked to give the name for
each of these objects. Following the object-name presentations for Object 3, the child
was prompted for a "receptive symmetrical response" (listener behaviour to the
name); that is, she was asked to select the correct one from three objects upon
hearing the name (“give me ...”). In none of the three test trials did the child produce
a correct response. The authors conclude (in their abstract) that Gloria showed no
evidence of a receptive symmetry repertoire or a naming repertoire.

In Experiment 1, multiple exemplar training was given in receptive
symmetrical responding, or listener behaviour (both immediate and delayed); this
training lasted for one month. Ten novel objects were employed. In training trials,
the mother presented the child with an object and its name (see object and hear
name), followed by an immediate listener test (hear name — select object), and repeat
listener tests at delays ranging from 3 min. to 12hr. In the listener test trials, the
target object was presented simultaneously with one previously used object and one
object that the child had not yet seen in the experimental context. After reaching the
criterion of 7 consecutive correct trials with at least 6 of the 10 different training
objects, the child was tested by the mother with 6 new objects (Test 2). Each new see
object and hear name relation was presented once, and the corresponding name-
object (listener) relation was tested three hours later, again with three objects to
choose from on each listener test trial. In Test 2, Gloria (nearly 17 months old now)
showed generalised delayed receptive symmetrical responding (i.e., listener

responding following only exposure to the relevant object-name relation) for five out
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of six new objects, but in a naming test with two additional novel stimuli, no vocal or
gestural naming, or approximations to either were observed.

In Experiment 2, which began when Gloria was 17 months old, four visual-
visual conditional discriminations (A1-B1, B1-Cl, A2-B2, and B2-C2) were
presented in a match-to-sample format with two comparison stimuli. The match-to-
sample procedures employed yet further stimuli, which it is claimed were unfamiliar
to the child. In the first two training trials for each relation, the sample stimulus was
presented together with the correct comparison stimulus only. After that, a second
comparison stimulus was introduced. In correction trials, the sample stimulus was
also presented with the correct comparison only. In training and test trials the sample
stimulus was held up, while the comparison stimuli were presented in a box. Training
took about 2 months. When tested, the child showed derived visual-visual symmetry
(BA and CB relations emerged) and transitivity/equivalence responding (AC and CA
relations emerged). At the end of the experiment, when Gloria was about 19 months
old, she was also tested again for naming and listener behaviour ("emergent
symmetry'") with regard to two novel objects (Test 3) following exposure to the two
relevant object-name relations. Her responses were incorrect on the four naming
trials, but correct on the two symmetry trials.

Experiment 3 started when Gloria was 22 months old. The procedure was
mostly as in Experiment 2 except that there were three rather than two comparison
stimuli, and new stimuli were used. The child showed the same derived listener
relations after training as she did in Experiment 2, and was then tested one last time
for naming of two new objects (Test 4), at the end of Experiment 3 (she was now
nearly 24 months old). For the first time, she named these stimuli correctly on all

four trials.
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Throughout all three experiments, no imitative responses or naming responses
were observed during training or testing.

In relation to Experiment 1, Luciano et al. note that this seems to be the first
demonstration of generalized symmetry in an infant established through multiple
exemplar training, in the absence of a spontaneous imitative and naming repertoire.

Furthermore, the authors state that “the results of the second experiment meet
the conditions proposed by Horne and Lowe (2000) as necessary to disprove their
naming account, that is, the emergence of equivalence responding after listener
training, without a speaker component or naming repertoire” (2007, p. 363). In short,
Luciano et al. claim that the results of Experiment 2 show that equivalence is
possible without naming, and they base this claim on Test 2 and Test 3 in which the
child was tested for naming new objects and exposure to the relevant object-name
relations.

Finally, the authors admit that in Experiment 3 naming may have played a
role, because by the end of that study the child was able to name other new objects in
the delayed trials of Test 4, after only one presentation of object and object name.

Several issues can be raised when evaluating Luciano et al.’s results. The
results they have obtained with only 1 child require replication, as the authors
themselves agree. Also, the number of trials per test is extremely small, and in
Experiment 2 and 3 it varies per test, and even per relation.

Another matter, also addressed by the authors, is that the mother conducted
all training and test sessions, and what is more, the mother and the father were
responsible for coding (analysis and scoring) of all sessions. It would have been
better if sessions had been conducted by an experimenter, and coded by at least one

independent observer (who, in addition, was blind to the purpose of the study, as
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Luciano et al. say the parents were). This could be done on the basis of the
recordings of the sessions.

Even more serious an issue is that the child’s verbal skills at the start of the
study are described solely on the basis of the parents’ informal observations. The
parents were given guidelines on what to observe in the child’s behaviour, but no
independent observations were made, nor were any objective language assessment
tests done, at any point. Thereby, the authors leave a question unanswered that is
perhaps the most crucial question in this study, both methodologically and with
respect to the evidence against the naming account and its predictions. This question
is, how well listener behaviour, echoic behaviour and naming were developed at the
start of the study, and how these behaviours developed during the study. The
informal observations by the parents suggest that all three behaviours were shown
already at the start of the study, although echoic behaviour was infrequent and
usually under instructional control, and the child was only able to name a few
common objects and people, such as her ‘mum’ and ‘dad’, the family dog, and a
teddy bear. The authors suggest that "Gloria’s vocabulary of a few words for
everyday objects and persons (mum, dad, etc.) is clearly not sufficient to qualify as
naming” (Luciano et al., 2007, p. 362). However, if the child consistently produces
the name in the presence of these objects and persons when the name is not provided
as a verbal stimulus, this would indeed fit the definition of naming."" It is important
to note as well, that over the course of the eight months in which the three studies

were conducted, this naming repertoire will have developed enormously, so much so

" 1t fits the definition of the tact (Skinner, 1957), as described earlier. And in Horne and Lowe’s
(1996) naming account, the tact completes the naming circle when listener behaviour and echoic
behaviour have already been established; when all three behaviours are in place with respect to
particular objects, the child can be said to name these objects. The naming account is described in
detail in the next section.
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that by the end of the third experiment the child was able to name an object in a
delayed test, after only hearing the name once in the presence of the object.

The ability to name new objects as measured (without positive results) in
Tests 1, 2 and 3, is not what is most relevant to the child’s performance in the
equivalence test trials, and in relation to the naming account. What is relevant is
whether the child was able to name the objects used in these equivalence test trials.
Luciano et al. described these objects as new, and unfamiliar to the child. However,
among the objects used in training and testing in Experiment 2 are, for example, a
bunny, a teddy bear, a dog and a construction block. It is not at all unlikely that the
child was able to name some, if not all, of these toy objects that feature in most
young children's play environments. In fact, the parents reported that the child was
able to name her teddy and the family dog, already at the start of the research. In
Experiment 3, it is also possible that the child was able to name the starfish (e.g., as
"star"), the flower, the pig, and the box. In general, if the child was not able to name
the objects, she may very well have been able to name features of the objects.
Training of stimulus relations took between 32 and 91 trials in Experiment 2, and
between 12 and 54 trials in Experiment 3, so there were many opportunities for the
child to develop names for the objects used in training and testing. Even if the child
did not overtly name objects or their features, it is still possible that the child named
these covertly. It seems a fundamental flaw in the study that no naming tests were
done for these objects at the end of each experiment.

In addition, a few comments should be made on Experiment 1. In effect, the
receptive symmetry training in this experiment is listener behaviour training (as the
authors themselves explain), conducted in much the same way as in studies reported

by Horne, Lowe and Randle (2004), and Horne, Hughes and Lowe (2006). The child
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is trained and tested on listener behaviour, and tested on generalized listener
behaviour with new objects, which the child does indeed show.

It should be noted that nothing in this contradicts the naming account, which
proposes, as will be seen in the next section, that children show listener behaviour
before they can name objects, and that they will become more and more skilled at
this. It is not at all unthinkable that at some point, after extensive experience in
learning listener behaviour through multiple exemplar training, it may be enough for
them to see an object and hear its name produced in the presence of the object once
or twice, to be able to display appropriate listener behaviour, as Luciano et al. show.
The naming account does not state that naming is necessary to learn listener
behaviour.

In light of these issues, the firm statement regarding having met the
conditions necessary to disprove the naming account seems slightly premature, and
coupled with the fact that the experiment was conducted with only one participant, at

this stage the findings should be treated with caution.

The naming account

The naming theory by Horne and Lowe (1996, 1997; Lowe & Horne, 1996;)
is another behaviour analytic approach to categorisation, critical of both Sidman’s
and Hayes and Hayes’ approach. Like the other two approaches, it builds on
Skinner’s (1957) book Verbal Behavior. Making use of basic behavioural principles,
Horne and Lowe (1996) describe how (aspects of) verbal behaviour can be learned.

Within their account of the development of naming and classifying behaviour there is
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an important role for listener behaviour, and reinforcement is not necessary for every
single instance of behaviour.

Horne and Lowe see the name relation as the basic unit of verbal behaviour.
Naming can be seen as a fusion of listener behaviour, echoic behaviour and tacting.
And one can only speak of naming when all three behavioural relations are in place.
A more detailed definition of naming is given later. First, Horne and Lowe’s account

of the development of naming will be summarised.

Based on a wide range of developmental and behaviour analytic research,
Horne and Lowe (1996) describe how naming can develop from earlier, prelinguistic
behaviour. The child first needs to acquire many component skills, such as
discriminating between speech sounds and other sounds, discriminating between
speech sounds of her own language and other languages, and discriminating between
the individual parts of her language (i.e., words). The verbal community often adapts
its verbal behaviour, thus making it easier for children to learn the above
discriminations; for example, by speaking slowly, using a simplified syntax, and
repetition (see, for example, Snow, 1977; Snow & Ferguson, 1977; and Fernald,
1992). The component skills are necessary for the child to learn listener behaviour,
which in turn is crucial for the development of naming.

Listener behaviour. Once the component skills are in place, listener behaviour
comes about when the child repeatedly hears a particular vocal stimulus, an object
name, in the presence of a particular object. When caregivers use social
reinforcement to teach the child conventional behaviour with regard to the object, the
vocal stimulus eventually becomes a discriminative stimulus for the child to engage

in this conventional behaviour in the presence of the object. The caregivers facilitate
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this learning process by tuning into the behaviour of the child; for example, by
naming the object the child is looking at, or by indicating which object or event they
name; that is, by pointing to it, or looking at it. Infants learn to follow the caregivers’
gaze and pointing (e.g., Morales, Mundy & Rojas, 1998), and later learn to point to
objects and events themselves, as well as to pick up objects, to which caregivers
often respond by providing the relevant name. In addition, caregivers show infants
the conventional behaviours towards objects, and will reinforce the infant’s attempts
to imitate these. Gradually, the verbal community shapes conventional listener
behaviour. The child learns to react in different ways to different objects and events;
when seeing a ball, she may throw it, seeing a rattle, she may shake it, and seeing a
shoe, she may put it on her foot. And conventional listener behaviour, such as
orienting to, pointing to and picking up particular objects (e.g., a shoe), comes under
control of specific vocal stimuli (“where’s the shoe?”), when caregivers provide
these vocal stimuli, model the appropriate behaviour in the presence of the object,
and reinforce the child’s imitations of it. While initially the child may just imitate the
caregivers’ behaviour, eventually the vocal stimulus itself is enough for the child to
reliably show the appropriate behaviour. At that point, the child has learned listener
behaviour.

Listener behaviour may at first be shown only in particular contexts (e.g.,
when mother holds up the child’s shoe), with one specific exemplar of an object
(e.g., the child’s shoe), and in response to a vocal stimulus (“where’s the shoe?”)
uttered only by the child’s caregivers, but later it will generalize to other contexts,
other exemplars, and to vocal stimuli uttered by any speaker. When the child learns
to generalize listener behaviour to other exemplars (other people’s shoes), she starts

responding to stimulus classes. Caregivers correct, or simply do not reinforce, in the
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case of underextensions (that is, when the child does not respond appropriately to
different kinds of shoes) and overextensions of stimulus classes (e.g., when the child
generalizes the listener behaviour also to socks). In the same way as listener
behaviour to the vocal stimulus “where’s the shoe” is established, the listener
repertoire is further extended to include appropriate reactions to different types of
vocal stimuli, such as “pick up ...”, or “give me ...”, combined with different object
words, such as “car”, “cup” and “spoon”.

At this early stage of development the child’s listener behaviour is controlled
solely by other people’s speaker behaviour.

Echoic behaviour. At around 6 months, infants start babbling. Research with
infants who have hearing difficulties suggests that hearing speech sounds in the
environment influences the onset as well as the form of babbling (see, for example,
Oller & Eilers, 1988). Gradually, infants get more control over their speech
musculature, and learn to produce closer approximations to verbal stimuli.
Caregivers prompt infants to produce echoic behaviour by saying, “say shoe” and
they reinforce the infant’s approximations to the verbal stimuli they provide, thus
shaping the infant’s echoic behaviour, and increasing the probability of vocal
imitation in general.

Once caregivers have reinforced several echoic relations, there is some
evidence that generalized echoic behaviour develops (see Poulson & Kymissis, 1988;
Poulson, Kymissis, Reeve, Andreatos & Reeve, 1991). That is, the infant may echo
verbal stimuli without the need for reinforcement from caregivers. Skinner (1957)
points out that there may be automatic reinforcement when self-produced utterances
match verbal stimuli heard in the environment. And Palmer highlights that it is

because of this reinforcing effect of achieving parity with the practices of the verbal
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community that also “one’s own utterances can shape and maintain one’s behavior”
(1996, p. 289). The child may echo verbal stimuli produced by others, but may show
self-echoic behaviour as well. And echoic behaviour may occur overtly, or covertly;
that is, it may not be perceivable by others.

As Horne and Lowe (1996) describe, when the child learns echoic behaviour,
an interaction develops between the child’s own speaker and listener behavior; when
she produces echoic behaviour, she will hear her own utterance, and in reaction to
this verbal stimulus she may then show the appropriate listener behaviour (orienting
to, pointing at, or picking up) which she had already learned. The child has now
become, as Horne and Lowe put it, “a speaker-listener with respect to her own verbal
stimuli” (1996, p. 197).

Naming. Echoic behaviour often occurs in the presence of objects. For
example, caregivers prompt a child to say “shoe”, when a shoe is present. And while
prompting, they may point at the shoe, or their prompt may be a reaction to the child
pointing at it (e.g., Tomasello & Todd, 1983). When the child repeatedly sees a shoe

while hearing /shoe/, and saying (i.e., echoing) “shoe”'

, this sets the occasion for the
development of a third functional relation, in which objects gain control over the
child’s verbal behaviour. This relation is the tact. Skinner (1957, p. 81-82) defines
the tact as a verbal response of a given form, evoked or strengthened by a particular
object or event, or by a property of either. When the child consistently says “shoe”
when seeing her shoe, without anyone providing the verbal stimulus /shoe/, we can

say that the child has learned to tact her shoe. The shoe has become a discriminative

stimulus for her saying “shoe”. And when she also produces this verbal response in

12 Both hearing the verbal stimulus /shoe/ from a caregiver, and hearing her own utterance, occasion
listener behaviour (e.g., looking at the shoe).
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the presence of other shoes, she has learned to tact shoes in general—that is, shoes as
a stimulus class.

Horne and Lowe (1996) add that the child has now learned to name the shoe,
or shoes as a stimulus class. The tact completes the name relation, which can be
drawn as a circular relation, incorporating listener behaviour, echoic behaviour and
tacting (see Figure 1.1). The relation is “circular”, in the sense that hearing /shoe/ can
make the child look at the object, and seeing the object can in turn evoke saying
“shoe” which makes the child hear /shoe/ again, et cetera. As Horne and Lowe
summarize: “naming involves the establishment of bidirectional or closed loop
relations between a class of objects and events and the speaker-listener behavior they

occasion” (1996, p. 200).
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says hears
"shoe" / shoe |
5
S
sees

Figure 1.1 (reproduced with the authors' permission, from Horne & Lowe, 1996, p. 201).
When a child who has learned to name shoes, sees a shoe, she says “shoe”. Upon hearing
this self-produced verbal stimulus /shoe/, she shows listener behaviour; she orients, not just
to one shoe, but to any of the shoes in her environment that are part of her existing listener
behaviour class. And either the seeing of these shoes, or her hearing her own verbal stimulus
may then again evoke her verbal response “shoe”. In sum, naming can be evoked by seeing a
shoe, or hearing /shoe/, and can be re-evoked by seeing a shoe again or through self-echoing.
This illustrates the bidirectional relations between a class of objects and the speaker-listener

behaviours they evoke.

As seen above, there is an interaction between the three component
behaviours—tacting, echoing, and listener behavior—that together constitute
naming. The authors emphasise that the properties of naming, and the effects of
naming on other behaviour, go beyond those of each of the component behaviours.

They point out, for example, that the tact relation between a stimulus and a response
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is unidirectional and nonsymbolic. Horne and Lowe (1996, see p. 201, and 213-215)
define “symbolic” as embodying reference, representation (the name “re-presents”
the object) and meaning. The tact relation lacks the defining characteristics of
symbolic behaviour in that it does not represent a stimulus, and it does not refer to it
or mean it. Unlike the tact relation, the name relation does have these characteristics
of symbolic behaviour.

Furthermore, the interaction between the three component behaviours that
together comprise naming has an important role in the development of the child’s
naming repertoire. For example, after having learned listener behaviour towards
several different types of shoes, when a child next learns to name one particular shoe,
her naming behaviour can extend to other shoes via the listener behaviour in her
repertoire. Horne and Lowe point out that extension of the name relation can take
place when new objects are physically similar to objects the child can already name,
or when new objects serve a similar function. For the latter case, the authors give the
example of a child putting her foot in a box, and then saying “shoe”. The box evokes
the listener behaviour that the child usually shows with regard to shoes, which in turn
evokes extension of the name. Caregivers may correct extensions that do not
coincide with the practices within the verbal community, thus shaping the child’s
naming repertoire in accordance with these practices.

In the initial stages of development, the child’s listener behaviour repertoire
will be far more extensive than her naming repertoire, but when she becomes more
skilled in echoic behaviour this may have a strong effect on her naming repertoire,
which may then expand rapidly. Also, whereas initially the child may need all the
cues described in the examples above (the caregivers pointing, and prompting, etc.),

and the component behaviours of the name relation may need to be learned
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separately, gradually the child needs less cues, and less repetition of hearing the
object name in the presence of the same object, to learn new names. Children of 18
months old may learn to name new objects just by hearing someone else name them
once or twice (e.g., Nelson & Bonvillian, 1973). At that point, Horne and Lowe note,
“the name relation is established as a higher order behavioural relation” (1996, p.
203). Speaker and listener functions are then combined within the individual such
that when the child is taught speaker behaviour, the corresponding listener behaviour
is acquired as well, and when listener behaviour is taught, the corresponding speaker
behaviour will be found to be in place too. Naming can then also become covert.
Reinforcement provided by caregivers does not always remain as explicit as outlined
above. It becomes more subtle but will still play an important role in the
development of the child’s naming repertoire (see Moerk, 1983, 1990, 2000).

There are common names for objects that have similar physical features (e.g.,
the names “dog”, or “cat”), but also for objects that show little or no physical
similarities (e.g., the names “toy”, or “furniture”). In the latter case, one speaks of
arbitrary stimulus classes. When the objects in a stimulus class have the same
function (e.g., chairs), they form a functional stimulus class in which the objects are
functionally equivalent (see Mead, 1934; and Goldiamond, 1962). That is, the stimuli
in that class evoke the same response. So when a child who has learned appropriate
listener behaviour with regard to chairs (i.e., to sit on them), hears that a novel object
is a chair, she can then generalize her previously learned listener behaviour to this
novel object, on the basis of the name. Alternatively, when she sees someone else
show this particular listener behaviour with regard to a novel object, the child may
then call it a chair. In this case the child generalizes the name on the basis of the

listener behaviour, without being trained or reinforced on previous occasions.
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At some point, a child learns that there are different levels of functional
equivalence. For example, after having learned to name chairs, she later learns that
the name “furniture” also applies, at what Horne and Lowe call “a more general level
of functional equivalence” (1996, p. 205). And, as in the example with the chair
above, when she hears this more general name “furniture” being used to refer to a
new object (in her doll house), she can then show appropriate listener behaviour to
the new object (e.g., when asked to put the furniture in a box) without being trained
or reinforced to do so, on the basis of extension of the name. These behaviours that
children show without being trained or reinforced to do so, are called emergent or
derived relations. Horne and Lowe emphasize that these emergent behaviours,
although not directly trained or reinforced, are still learned behaviours, established
through naming. Moreover, naming itself is learned behaviour as well, and “its
operations can be understood through behaviour analysis” (1996, p. 208). Emergent
behaviours will also be discussed later, in relation to stimulus equivalence.

All of the above, then comes together in Horne and Lowe’s definition of
naming as “a higher order bidirectional behavioral relation that (a) combines
conventional speaker and listener behavior within the individual, (b) does not require
reinforcement of both speaker and listener behavior for each new name to be
established, and (c) relates to classes of objects and events” (1996, p.207).

In addition, Horne and Lowe outline several ways to test whether a child, or
any other subjects for that matter, can name. For example, by giving tact training
with regard to novel stimuli, followed by testing for the corresponding listener
behaviour. Alternatively, one can name the novel stimuli in the presence of the child,
without reinforcing the child’s behaviour, and then testing for tacting and for listener

behaviour. And finally, one can train either listener or speaker behaviour with regard
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to a stimulus, and then extend the behaviour to new class members that are
physically different, by saying the relevant common name in the presence of the new
object(s). Following this, one can test the child by presenting the class members
along with other stimuli, holding up one class member, and asking, “where are the
others?” In short, this is giving the child a category-sorting test, after providing

listener or speaker behaviour training separately for each class member.

Apart from the three component behaviours that together constitute naming,
Horne and Lowe also discuss two other operants identified by Skinner (1957) — the
intraverbal and the mand — and their relation to naming.

Intraverbal naming. Horne and Lowe (1996) write that around the age of 18
months children start to combine names. And they point out that the appearance of
intraverbals in a child’s verbal behaviour is an important step in her verbal
development, and more specifically in her name relations. This is because of the role
of these intraverbals in bringing about new or emergent behaviour. Initially,
intraverbals can arise when a child hears her caregiver say /big teddy/ repeatedly, and
she starts echoing this. The verbal stimulus /big/ can then come to evoke the child’s
verbal response “teddy”, which is reinforced by the caregiver.

Horne and Lowe propose that there are intraverbals with, and intraverbals
without conventional listener behaviour. When children learn nursery rhymes, for
example, they show intraverbal behaviour without conventional listener behaviour.
The authors emphasize that the latter form of verbal behaviour may be important for
the further development of intraverbal naming (see also Skinner, 1957).

Apart from echoing name combinations uttered by caregivers or others, a

child can produce name combinations herself too. For example, she may name two
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objects when seeing them together, or name an object and one of its properties (e.g.,
“doll”, “pink™; or “helicopter”, “flies”). Through self-echoic repetition these name
combinations may become established as intraverbals, so that when the child
produces one name (e.g., doll), hearing this name may evoke the other (pink). Self-
echoic repetition may also make the intraverbal relations bidirectional (so that
hearing /pink/ evokes saying “doll” as well as the other way around).

Horne and Lowe point out that once the child has learned intraverbal links of
names, listener behaviour learned with regard to one of these names may transfer to
the other name. How crucial this is, becomes clear in the example they give of the
child who has learned to say “hot” when encountering a hot radiator, or any other hot
object, and to show the appropriate listener behaviour of avoiding contact with it.
Once the child has learned this, a caregiver can teach the child intraverbals such as
“hot cooker” or “hot kettle”, and both names that are paired with “hot” (“cooker” and
“kettle”) can come to evoke the same listener behaviour as the verbal stimulus “hot”.

Naming and manding. When Horne and Lowe discuss manding and its
relation to naming, they propose that this operant, just as the other operants, can
occur with or without listener behaviour on the part of the speaker. It occurs in the
absence of listener behaviour, for example, when a baby cries until she gets milk.
And it occurs with listener behaviour when a child mands by saying “milk”, after
having learned to name milk.

Based on work by Anisfeld (1984), Halliday (1975), Terrace (1985), and
others, Horne and Lowe note that “children generally learn to name objects and
events before they learn to mand them. (...) names are first established and then are
functionally extended to mand objects and events” (1996, p. 211). When names are

extended to mand for something, the same speaker-listener functions and
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bidirectionality come into play as in normal naming. As for the establishment of
manding, when a child has learned to name an object, she needs to be taught no more

than a few mand relations, to enable her to extend newly learned names to mand (see

Moerk, 1992; and Skinner, 1957).

Naming and verbal rules. With regard to naming and verbal rules, Horne and
Lowe write that “names are the basic components of verbal rules” (1996, p. 213), and
that therefore an analysis of the name relation is needed to get a better understanding
of how rules affect behaviour.

Names can specify contingencies, but more importantly, they evoke listener
behaviour to objects and events. Horne and Lowe describe how providing a (new)
name for an object, can affect a child’s listener behaviour towards the object. Their
example is of a child who has a plastic bowl among her toys, and is told that it is a
boat, or a hat. Having previously learned listener behaviour towards toy boats, and
towards hats, and having learned to name boats and hats, the new name for the bowl
can evoke listener behaviour appropriate to boats or hats (whichever name was
supplied). Horne and Lowe note that the term verbally controlled behaviour (see
Mead, 1934) covers this behaviour under the control of name relations better than

Skinner’s (1957) term rule governed behaviour.

Naming and stimulus equivalence. Horne and Lowe (1996) also describe how
naming, and specifically common naming, can bring about stimulus equivalence.
Particularly relevant in this context, are arbitrary stimulus classes (classes of

physically different objects). Once a child has learned a common name for stimuli
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that look different, she may then, when shown one class member, be able to select
the others without prior training.

Horne and Lowe give as example a child who learns the name “two” for the
numeral 2, as well as for two dots (° *), and for the printed word TWO. As a result of
learning this common name, an arbitrary stimulus class is formed, consisting of: 2,
* + and TWO. Now, when presented with either of these three stimuli, she can name
the stimulus out loud, and hearing her own verbal stimulus, she can find the other
class members in an array of stimuli in front of her, because the verbal stimulus she
produced will evoke the previously learned listener behaviours of orienting towards
them, and picking them up. Because the child has not received training to select, for

C‘.

instance, “2” when presented wit *”, these are new behavioural relations, and
Horne and Lowe describe them as emerging via listener behaviour.

As in this example, Horne and Lowe suggest that success on match-to-sample
tests of stimulus equivalence might be due to naming of stimuli.

They point out that auditory-visual match-to-sample procedures, with an
auditory sample stimulus and pictures or printed words as comparison stimuli,
provide the right conditions for learning to name; one can echo the verbal stimulus,
learn listener behaviour (picking the correct comparisons), and thus learn to name the
comparison stimuli.

In visual-visual match-to-sample procedures using novel abstract stimuli,
there may not be conventional names for these stimuli, but subjects may still find
names for either the stimuli, or features of them. And if one finds common features
to name for all members of a category, the stimuli would no longer be arbitrary.

Because naming is more easily established in the first procedure, subjects

would be expected to learn baseline relations quicker, and do better on equivalence
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tests than in the second procedure. Studies by Green (1990), Lipkens, Hayes and
Hayes (1993), and Sidman, Willson-Morris and Kirk (1986) support this expectation.

The naming that can help subjects to pass equivalence tests, can be common
naming, in which one name applies to all class members, or it can be intraverbal
naming, in which the subject gives the stimuli in a class different names and then
learns intraverbals to remember which stimuli go together. For example, if a vertical
bar should be matched with a green stimulus, the subject might learn the intraverbal
“up-green” (see Lowe & Beasty, 1987). Horne and Lowe (1996) explain that through
self-echoic repetition of this intraverbal, the names “up” and “green” can become
bidirectionally related, and so can listener behaviour with regard to both stimuli
(selecting one stimulus may then evoke selecting the other as well). Presented with
one stimulus, the subject may name it, and hearing the name can evoke the
intraverbally related name, which can in turn occasion the listener behaviour of
selecting the comparison stimulus.

With regard to stimulus equivalence, Horne and Lowe (1996) put forward
three predictions that arise from their account and are “open to experimental
disconfirmation”. The first prediction is that nonhuman organisms, that lack naming
skills, will generally fail tests of stimulus equivalence tests. Horne and Lowe discuss
relevant studies. So far, stimulus equivalence has not been demonstrated
unequivocally in animals (see Schusterman & Kastak, 1993; but see also Horne &
Lowe, 1996, p. 223-224). More relevant to the present thesis, with its focus on child
development, are the remaining predictions stemming from the naming account.
These are two predictions with regard to stimulus equivalence in humans, and Horne
and Lowe describe related studies. The first prediction is that humans without

naming skills will fail stimulus equivalence tests.
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A study by Devany, Hayes and Nelson (1986) supports this prediction;
normal 2-year-olds as well as mentally handicapped 2- to 4-year-olds with verbal
skills passed, while mentally handicapped 2- to 4-year-olds without verbal skills
failed equivalence tests in this study. Barnes, McCullogh, and Keenan (1990) also
found that verbal ability and success on stimulus equivalence tests were related, in
normal and hearing-impaired children. And Lowe and Beasty (1987) found that as
age increased (from 2 to 5 years), which is of course linked to improvement of verbal
skills, more children passed equivalence tests; all of the 4- to 5-year-olds, and half of
the 3- to 4-year-olds passed, while only 1 of 7 of the 2- to 3-year-olds passed.

The second prediction that the naming account makes for stimulus
equivalence in humans is that teaching subjects names for stimuli in match-to-sample
procedures may have a strong effect on further test performance.

Dugdale and Lowe (1990) found support for this. In cases of test failure in
normal 4- to 5-year-olds, they taught the children a common name for members of a
stimulus class, which led to success on the equivalence test. Eikeseth and Smith
(1992) conducted another study using common naming. Their subjects were 4
autistic children, aged between 3.5 and 5.5 years, who had language deficits.
Emergent stimulus equivalence relations were found in 2 out of 4 children, after
teaching them to name visual stimuli (Greek small letters and capital letters, and their
printed names), whereas these relations had not been demonstrated by any of the
children in a match-to-sample test conducted before the names were taught. Another
child did not reach mastery level after being taught to name, but did perform above
chance level. One child’s performance did not exceed chance level. The results of the
pre-experimental tests reported by Eikeseth and Smith showed that this boy’s

language skills were considerably less developed compared to the other children.
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Lowe and Beasty (1987) taught intraverbal naming, that is, name links
combining names for the sample stimuli and the comparison stimuli that were paired
in baseline training (e.g., “up-green”, and “up-triangle”), to the children who failed
the stimulus equivalence tests. This led to success for 11 of the 12 children.

Dickins, Bentall, and Smith (1993) report a study with normal adults. All
subjects received match-to-sample baseline training, but subsequently one group
learned intraverbal naming for stimulus combinations that were in conflict with the
classes defined within the experiment, while the control group learned intraverbals
that were not related to stimuli in the task. Comparison of the performance of both
groups on equivalence tests showed negative interference from the conflicting
intraverbal name training.

Finally, Mandell and Sheen (1994) used letter combinations and symbol
combinations as stimuli, and found that when pronounceable stimuli were used in the
match-to-sample procedure subjects performed better and were quicker to form
equivalence classes than subjects for whom unpronounceable stimuli were used.

Horne and Lowe (1996) conclude that naming the stimuli (in any of the ways
described) can greatly enhance success in match-to-sample procedures and
subsequent stimulus equivalence testing—that is, if the subjects’ naming of stimuli is
in line with the stimulus classes as defined within the experiment. This position has
mistakenly been characterized as invoking “verbal mediating responses” for the
establishment of equivalence, even recently (see Tomanari, Sidman, Rubio & Dube,
2006, p. 349), although Horne and Lowe stressed in their 1996 paper, that “naming
should not be viewed as mediating the establishment of stimulus classes: Naming is

stimulus-classifying behavior” (1996, p. 226-227).
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Naming research

Since the publication of the naming paper in 1996, Horne, Lowe, and
colleagues have conducted a range of studies to test the predictions of the naming
account. The main focus of these studies was the suggestion, in the naming paper,
that learning a common name (e.g., vek) for several arbitrary, or disparate, stimuli
may establish a category relation between these stimuli. When presented with one
category member and asked for “the others” in a category-sorting test, the child
names the sample, and hearing the self-produced name should result in the listener
behaviour of orienting towards all the stimuli she has learned to name as such (that
is, all the veks). However, if the child only has a listener behaviour repertoire with
regard to these stimuli, but cannot name them, the naming account predicts that she
will not be able to categorise the stimuli. In the absence of naming, seeing the sample
stimulus will not evoke listener behaviour towards the other category members.
These predictions were tested in two studies.

Lowe, Horne, Harris and Randle (2002) taught 2- to 4-year-old children to
tact three arbitrary stimuli as “zag®, and three other stimuli as “vek”, in pairwise
training. Then, the children were given a category match-to-sample test. Six of the 12
children passed this test when presented with a sample stimulus and asked for “the
others”. The other 6 passed a second test, which prompted them to name the sample
before selecting the other category members. Finally, a subset of children was tested
to see whether the corresponding listener behaviour with respect to the arbitrary
stimuli was in place, in the absence of training for this. All passed. Therefore, they
had not just learned to tact, but they had learned common name relations.

Horne, Lowe and Randle (2004) taught 1- to 4-year-old children listener

behaviour with respect to the same arbitrary stimuli as employed in Lowe et al. That
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1s, in pairwise training they learned to select the correct stimulus upon hearing either
/zog/, or /vek/. All children failed the subsequent category match-to-sample test.
Following this, a tact test was administered, which 7 out of the 9 children failed.
However, when they were then trained to tact the stimuli, 5 out of 7 children passed
the category sorting test.

The results of both studies are in line with the predictions of the naming
account that common naming is necessary for the establishment of category relations
among arbitrary stimuli, and that common listener relations alone are not sufficient to

bring about categorisation.

Another way of assessing whether a category relation is established, as
described by Horne and Lowe (1996), is to teach the child novel behaviour to one
category member, and then to test for transfer of function to other category members.
Having previously learned to name the stimuli, the child will also name the stimuli
during function training, whether required or not, and whether overtly or covertly. As
function training proceeds, hearing the name of the stimuli will often precede
production of the novel behaviour that is trained. This way, hearing the name comes
to evoke the novel behaviour to that stimulus. In the category transfer of function
test, when presented with the category members that were not involved in training,
the child will name the stimulus, which will in turn evoke the appropriate behaviour.
However, if the child only has a listener behaviour repertoire with regard to these
stimuli, but cannot name them, the naming account predicts no transfer of function.
In the absence of naming, seeing one of the other category members will not evoke

the novel behaviour. These predictions were tested in two further studies.



Chapter 1 The Development of Verbal Behaviour 47

Lowe, Horne and Hughes (2005) gave 1- to 4-year-old children pairwise tact
training using six arbitrary stimuli (three “zogs”, and three “veks”). In a subsequent
test, all children demonstrated appropriate listener behaviour to the stimuli, so
common name relations were found to be in place. Following this, they were trained
to clap to one of the zog stimuli, and to wave to one vek. And when tested after
training, all 9 children showed transfer of function to the other category members.
That is, they would clap or wave appropriately to the stimuli that had not been
involved in function training. Seven of the 9 children were then given an additional
test for the corresponding listener behaviour. That is, the child was asked to select
the correct stimulus in response to the experimenter either clapping or waving. All
children passed. Next, four of these children were given the category match-to-
sample test, and all passed. For 3 children further tact training was done to extend the
stimulus sets to nine stimuli each. All showed transfer of function and correct
category sorting with the extended sets.

Horne, Hughes and Lowe (2006) gave 1- to 4-year-old children listener
behaviour training with respect to the same arbitrary stimuli as used by Lowe et al.
(2005). In pairwise training the children learned to select the correct stimulus upon
hearing either /zog/, or /vek/. When tested for the corresponding tacts, 10 out of 14
children passed, demonstrating that, for them, common name relations were in place.
All 14 children were then given function training as in Lowe et al. (2005), and
subsequently, the children who could name the stimuli either showed transfer of
function, or listener behaviour with regard to the functions, or both. Three of these
children were next given a category match-to-sample test, which they passed.
However, the children who were able to show appropriate listener behaviour but

could not name the stimuli, failed to show transfer of function, or correct category
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sorting behaviour in the respective tests that followed. Three of these children
received additional tact training. As a result, they went on to pass the transfer of
function test, and when two of them were given a category match-to-sample test,
they also passed. Finally, three children were given additional listener behaviour
training to extend the stimulus sets. All three passed a subsequent tact test, as well as
transfer of function and category match-to-sample tests.

The results of both studies support the naming account, in that children are
not able to categorise arbitrary stimuli in the absence of common naming; listener

behaviour is not enough to establish categorisation.

Naming and levels of categorisation

The aim of this thesis is to explore the limits of the naming account, by
studying how children learn to categorise at different levels, and how naming may
bring this about. Subjects of study are 3- to 4.5-year-old children.

The arbritrary stimuli employed in these studies are eight newly designed
alien animals. These aliens belong to four categories at a lower level, and to two
categories at a higher level, in the same way as different types of reptiles, and
different types of fish are all called “animals” at a higher level, and various types of
fruits and vegetables are called “food” at a higher level. Nonsense names are used to
designate the aliens at the different levels. The aliens are called ib, feb, tor, or lup,
at a lower level, whereby each name designates two disparate stimuli. At a higher

level they are called zaag, or noom. A brief outline of the studies will now be given.
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In Study 1a, the children are taught to tact the alien animals at the lower level,

and then tested for corresponding listener behaviour. Figure 1.2 shows the trained

tact relations with solid arrows, and the tested listener relations with broken arrows

ZAAG

NOOM higher level
“Hib” /Hib/ “Feb” /Feb/ “Tor” /Tor/ “Lup” /Lup/  lower
la level

v
F2 T1 L2

F1 T2 L1
Study 1a  Training Tact: see Hib = say “Hib”
Testing LB:  hear /Hib/ > select Hib

Figure 1.2 The trained and tested relations in Study 1a.
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In Study 1b, the children learn intraverbals, relating the names of the aliens at

the lower level with their potential names at the higher level, after which they are

tested for listener behaviour at the higher name level. Figure 1.3 shows the trained

and tested relations.

/INOOM/ “NOOM” higher level

[ZAAG/ “ZAAG”

lower

“Tor” /Tor/
3 level

-

. Y N N \ v Ny
A & Gd & O
F1 F2 T1 T2 | L2

HI H2

-  say “Zaag”, and
say "Hib"
select Hib

Study 1b  Training Intraverbal: hear /Hib/
hear /Zaag/ >

Testing LB: hear /Zaag/ >

Figure 1.3 The trained and tested relations in Study 1b.
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In Study 1c, a gesture (Function 1) is trained to one zaag, and another gesture
(Function 2) to one noom. Next, the children are tested for transfer of these functions

to the other aliens, via lower-level or higher-level names, or both (see Figure 1.4).

IZAAG/ “ZAAG” /INOOM/ “NOOM” higher level

“Feb” /Feb/ [ “Tor” /Tor/ “Lup” /Lup/ lower

level

»
y
f
'

G & O »

\
\
\
\
\ 3

! H2 F1 F2 ATl T2 L1 L2
le \‘\/l PP wl
Fl F2
F1 /2 = Function 1 /2 (gestures).
Study 1c¢  Training F1: see Hib 1 - produce gesture (Function 1)
Testing TOF: see Hib 2 = produce gesture (Function 1)?
TOF via lower-level names?
see Feb1,2 2> produce gesture (Function 1)?
TOF via higher-level names?
Training F2: see Tor 1 = produce gesture (Function 2)
Testing TOF: see Tor 2 = produce gesture (Function 2)?
TOF via lower-level names?
seeLupl,2 =2

produce gesture (Function 2)?
TOF via higher-level names?

Figure 1.4 The trained and tested relations in Study 1c.
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In Study 1d, one animal cry (Function 3) is trained to one zaag, and another

(Function 4) to one noom. Then, a transfer of function test is conducted (see Figure

1.5). Figure 1.6 shows trained and tested relations of all four studies.
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Study le, was a test only, investigating whether a more general verbal prompt
than the prompts used in the tests of Studies 1c and 1d, would have stimulus control
over both types of functional responses (gestures and animal cries) trained
previously. The prompt for the gestures in Study 1c was “how does this one go?”
while for the animal cries in Study 1d it was “what does this one say?”. The more
general prompt used in Study le was “what can this one do?”.

Study 1f tested whether listener relations (i.e., see gesture — select animal)
were in place for the gestures that the children were trained to produce in Study lc
(see animal — produce gesture).

Study 1g tested for listener relations (i.e., hear /animal cry/ — select animal)
with respect to the animal cries the children were trained to produce in Study 1d (see
animal — produce gesture).

Study 1h was a category match-to-sample test that investigated whether
children were able to sort the alien animal stimuli into categories on the basis of the

lower- and higher-level common names, without being trained to do so.

The second series of studies (2a-2h) are replications of the studies in the first
series. The only difference was that in Study 2a, 2b, 2c, and 2h, multiple exemplar
training with familiar stimuli (real life stimuli) preceded the studies with the alien
animal stimuli. The procedure with the familiar stimuli was exactly as in the alien

studies.

This experimental work on naming and levels of categorisation is described in

further detail in Chapters 2 and 3.
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Chapter 2 - Study 1

Study 1a — Learning to name

Study la focused on learning of naming, and on the relation between tact
behaviour and listener behaviour. It tested the naming account, in that it investigated
whether children can learn to tact eight different newly designed toy “alien” animals
(i.e., see animal — say “name”), randomly allocated to four common tact categories
with two members each. It also tested whether, without being directly trained to do
so, the children demonstrated the corresponding listener behaviour on hearing the
object name (i.e., hear /name/ — select animal).

Furthermore, the study investigated a novel way to train common name
categories. The eight experimental stimuli were presented, four stimuli at a time, by
placing them on a carousel. This allowed rapid presentation of stimuli, and the
learning of simultaneous discriminations between all four stimuli presented (a
necessary requirement for later categorisation tests). This method was compared in
effectiveness (that is, in the number of trials to criterion) to procedures used in earlier
Bangor research on categorisation, which entailed pair wise presentation of stimuli

(see e.g., Lowe, Horne & Hughes, 2005).

Method

Participants
Participants were 13 children (6 females and 7 males) between the ages of 3

years and 1 month, and 4 years and 6 months at the start of the study (see Table 2.1).
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They were recruited from Tir na n-Og, the Daycare Nursery and Centre for Child
Development at the University of Wales Bangor. Initially 3 more children were
recruited (2 females, 1 male). Due to major problems with staying on task, and
consequent lack of progress, one female participant had to be dropped from the study
after 20 sessions. Another girl (Belinda) was recruited to take her place. Another
female participant, once in the experimental room, refused to say any alien name,
even after modelling. After one session she was not willing to return. The male
participant seemed distressed by the experimental situation in which he was asked
questions, although in general he was very comfortable with the experimenter. After
eight 12-trial blocks of training, in which he only responded to the initial prompt
once, the sessions with him were discontinued. According to routine assessments
conducted by the nursery nurses, the participants in Studies 1 and 2 showed no sign
of developmental delay. For all studies, recruitment of the children was subject to
parental consent, and ethics approval was gained from the School of Psychology

Research Ethics Committee.

Table 2.1. Participants' sex, age at start of training, and age at first listener behaviour test.

Participant Sex Age at start Age at testing
(years/months*) (years/months*)

Davey** M 3/1 3/5

Jon M 3/4 3/5

Wendy F 3/5 -

Lyn F 3/5 3/8

Jim M 3/6 3/7

Sebastian M 3/6 3/7

Belinda F 3/7 3/7

Ellie F 3/7 -

Sara F 3/7 3/9

Alun M 3/8 3/10

Kyle M 3/9 3/11

Cameron M 4/6 4/9

Sasha F 4/6 4/9

* age in days rounded up to nearest whole month (i.e., 16 days and more rounded up).
** For reasons of confidentiality, these are not the children’s real names.
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Apparatus and Stimuli

The study was conducted in a purpose-built research room in Tir na n-Og
Nursery (see Figure 2.1). The room was equipped with two wall-mounted video
cameras and a microphone. One camera focused on the child, and the other on the
experimenter, so as to produce split screen video recordings of child and
experimenter in all sessions. A radio microphone enabled all sounds to be recorded.
All recordings were controlled from the audio/visual suite (see Figure 2.2) located in
a separate room in the nursery. The experimenter and the child sat opposite each
other at a small table. The experimental stimuli were eight newly designed toy
“alien” animals (see Figure 2.3). The aliens were made out of red Fimo (a
thermosetting clay that was baked in the oven, after modelling of the required form)
and were approximately 5 x 7.5 cm in size. All aliens had one eye. They were
presented on a carousel, constructed from the lid of a biscuit tin (with a diameter of
20 cm) placed upside down, and with a small piece of cardboard attached underneath
so that it could be rotated freely. Two identical carousels were used in the study, one
for presenting the Set 1 stimuli and one for presenting Set 2. In no reinforcement

sessions, a penguin hand puppet referred to as "Peter Penguin" was used.
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Figure 2.2 The audio/visual suite
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Figure 2.3 The experimental stimuli made out of Fimo

Stimulus sheets placed beside the table were used to schedule the presentation
of the toy alien animals in each session. The child’s responses were also recorded on
these sheets during the sessions. To ensure that Experimenter 2 could not cue the
child’s responses during listener behaviour test sessions, the stimulus sheets that
were employed specified the positions in which the aliens should be placed on each
trial and the listener stimulus to be presented: Experimenter 2 was therefore unable to
determine the name trained for each alien.

During test sessions, a wooden screen was placed on the table between the
child and Experimenter 2 (see Figure 2.4). The screen was divided into two sections;
the top section contained a clear perspex window that was covered, on the
experimenter’s side, by a net curtain through which the second experimenter could

view the stimuli placed on the table and the child’s responses. At the bottom section
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of the screen was an aperture that was partly covered by crepe paper. During testing,

Experimenter 2 presented the stimuli to the child through the aperture.

Figure 2.4 The test screen

During training sessions, social praise was provided as reinforcement. In
addition to this, when a child required a large number of trials to reach criterion, and
appeared distracted from the task, a music book was used for reinforcement: the
child could press a button for each, or every three, correct responses during the
session. At the end of both training and testing sessions the experimenter read a

story, which was selected by the child. The books were placed beside the table.

Procedure

A single case design with replication across participants was employed.
Throughout the study there were no parents present. In all stages of the study there
were one or two daily sessions with the child. Sessions varied in duration from 10 to

20 min.
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Arbitrary stimulus tact training. First, the children were familiarised with
Experimenter 1 during play in the common nursery rooms and the experimental
room. Once the child was comfortable with the experimenter in both settings, the
child was taken into the experimental room and shown the toy alien animals.

For each individual child, the eight stimuli were randomly assigned to four
two-member categories, denoted by the nonsense names "hib", “feb”, "tor", and
“lup”; these were further divided into two sets, each consisting of one hib, one feb,
one tor and one lup. The specific animals and the names assigned to them for each
child are shown in Table 2.2. An overview of the trained and tested relations in

Study 1a is shown in Figure 1.2 (in Chapter 1).
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Table 2.2 For each child, the names allocated to each alien.
Belinda  Kyle Sara  Sebastian  Sasha Jon Ellie = Cameron Lyn Jim Alun Davey  Wendy
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The four Set 1 stimuli (Hib 1, Feb 1, Tor 1, Lup 1) were presented on a
carousel, in relative positions that were counterbalanced over trials. Before starting a
trial, the experimenter made sure that the child was attending. At the start of each
trial the experimenter, or the child, would spin the carousel around. The experimenter
stopped the carousel when the target stimulus was directly in front of the child. On
the first trial for each alien, the experimenter pointed at the target stimulus and
introduced it by saying, “Look at this, it’s a hib/feb/tor/lup. Can you say
hib/feb/tor/lup?” On every subsequent trial with the same alien, the experimenter
pointed at the targeted stimulus and said, “What’s this?” Following a correct
response the experimenter delivered social praise (saying e.g., “Yes, well done!”).
And occasionally, in addition to this, a music book was presented on which the child
could press a button. If the child did not produce the correct response, the
experimenter provided corrective feedback: “It’s a hib/feb/tor/lup. Can you say
hib/feb/tor/lup?” One stimulus was targeted on each trial. The aliens were each
targeted three times in a pre-specified quasi-random order in blocks of 12 trials in
which the same trial type did not appear twice in succession. At the start of each new
block of 12 trials, the toy animals were placed in a different position on the carousel.
The learning criterion for this stage was 10 out of 12 correct over two consecutive
12-trial blocks. Following this procedure, the child was trained to criterion in the
same manner, with Set 2 (Hib 2, Feb 2, Tor 2, Lup 2). During training for Set 2,
maintenance training trials were conducted with Set 1. Maintenance training
continued until the child produced 100% correct responses over four trials.

After the child had learned to tact the aliens in both sets, mixed arrangement

training took place, to ensure that correct tacting behaviour was maintained also
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when stimuli were placed in a context other than the one in which the initial training
had occurred.

Mixed sets. Either the hib (H), the feb (F), the tor (T) or the lup (L) in Set 1
was replaced by the alien of the same category in Set 2, and vice versa. If in mixed
arrangement 1, for example, the hibs were exchanged, the stimuli arrangements
were: H2, F1, T1, L1 and H1, F2, T2, L2. After reaching criterion on this
arrangement, the particular toy animals were placed back in their original set and two
other animals were switched around (e.g., the febs were exchanged). The
interchanging took place in a random order for individual children, and continued
until the animals in all four two-member sets had been switched around, such that the
child demonstrated correct tacting of each alien in the presence of all aliens from the
alternative categories.

Reduction in reinforcement rate. In the very last training stage, with randomly
generated mixed sets consisting of two stimuli from Set 1 and two from Set 2 (like
Sets 1 and 2, the mixed sets consisted of one animal from each category — e.g., H2,
F1, T1, L2), reinforcement was reduced to 0%. This was done to make sure that the
child’s tacting behaviour remained in place in the absence of reinforcement, in
preparation for the listener behaviour test in which there would be no contingent
reinforcement delivered for responding correctly. In these no reinforcement sessions
the experimenter introduced a penguin hand puppet (Peter Penguin), and asked the
child to teach Peter the names of the aliens. The experimenter said she would keep
very quiet, and wouldn’t say, “Yes, well done!” all the time, because that would
distract Peter. If the performance of any child did not meet the zero reinforcement

criterion, then reinforcement was reintroduced until responding was once again at
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criterion. The child was then tested once again in extinction, and so on, until the
child’s performance met the zero reinforcement criterion.

Listener behaviour test. Following tact training, the child was tested for
listener behaviour (hear name — select animal) discriminations. Prior to testing,
Experimenter 1 conducted eight review tact trials, four with Set 1, and four with Set
2. Each stimulus was targeted once, to check whether the trained tact behaviour was
still in place. After these trials, Experimenter 1 took a seat behind the child, while
Experimenter 2 sat opposite the child. A screen was placed between Experimenter 2
and the child (see Apparatus and Stimuli), so that the experimenter’s line of gaze
could not cue the child’s responses. Four of the alien animals (a random selection of
two stimuli from Set 1 and two from Set 2, one animal from each category) were put
on the carousel in pre-specified positions. Experimenter 2 tested the child’s listener
behaviour by spinning the carousel, and when it came to rest, asking the child:
“Which one is the hib (or feb/tor/lup)?” If the child did not respond within 4 s, the
verbal prompt was repeated, at most twice. Each stimulus in Mixed Set 1 was
targeted three times in a 12-trial block, in a pre-specified quasi-random order in
which the same trial type did not occur twice in succession. Before starting a second
12-trial block, the positions of the stimuli on the carousel were changed. After two
blocks of trials with Mixed Set 1, the procedure was repeated with Mixed Set 2. The
overall listener behaviour test criterion was 14 out of 24 correct for each mixed
stimulus set (24 trials); the binomial probability of 14 or more correct out of 24 by
chance is .0005. An additional criterion for each stimulus was set at 4 correct out of
6; the binomial probability of 4 or more correct responses by chance is .037. No

reinforcement was given during the test.
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Interobserver reliability. An independent observer scored all trials in a
randomly selected 25% of all training sessions; interobserver agreement on these
trials was 99%. Similarly, all test trials were scored; interobserver agreement on
these trials was 99%. The independent observer reported no discrepancies between

the scheduled and implemented procedures.

Results

Tact training: Set 1, Set 2, mixed sets, and reinforcement reduction. Figure
2.5 shows the total number of trials for each individual child. Eleven of the 13
participants completed tact training. Of the 2 children who did not complete training,
Wendy had a total of 900 trials but did not reach criterion for Set 2, while Ellie had
807 trials but did not reach criterion on the mixed sets at the no reinforcement stage.
Both girls were given additional sessions', but left the nursery before tact training
could be completed. The children who completed training needed on average 598
trials (range 372—984). To break this down for the separate stages, for Set 1 the
average was 276 (range 168—396), for Set 2 it was 132 (range 36—432), for the

mixed sets with reinforcement it was 140 (range 96—228), while for the mixed sets

! Ellie was given additional sessions in which only the aliens she kept making errors on were targeted
(Hib 2 and Feb 1), plus a few trials in which the experimenter and Ellie would say the name of the
alien together in the presence of the animal.

In the additional sessions with Wendy, only Feb 1 and Lup 1, and Feb 2 and Lup 2 were
targeted. When this did not result in improved performance, these animals were again presented in
pairs of one lup and one feb, but with a golden star underneath Lup 1 and Lup 2. The child was asked
under which animal the star could be found and she succeeded on this task. Then she was told the
“secret” that the one with the star underneath was the lup. In the trials that followed, she was first
asked “Where’s the star?" then, when she picked up an alien, “what is it?”” and finally, the
experimenter pointed at the other animal and asked “and what’s this?”” When a normal 12-trial block
was conducted with the full Set 1 she correctly tacted the lup (three times), but not the febs. Pair wise
training was then resumed with the lups and febs. The lups still had the star underneath, and the febs
had a golden triangle underneath. This procedure did not result in correct tacting. Wendy once again
showed poor task compliance.
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no reinforcement it was 50 (range 24—72). When it comes to the total number of
trials to complete training, the 6 females needed on average 615 trials (range 528—
732), while the 7 males needed 588 (range 372—984). In Figure 2.5 the numbers of
trials are presented as a function of age, showing that the older children did not reach

criterion in less trials than the younger ones.
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Figure 2.5 The total number of trials needed to reach criterion over all stages until the (first)
listener behaviour test, for all children with the youngest child on the left (Davey, 3/1) and
the oldest child on the right (Sasha, 4/6). For all ages: see Table 2.1. (*Child did not
complete the study.)

Figure 2.6 shows the number of trials for female and male participants
separately. Though on average the males needed fewer trials than the females, this

difference was not consistently reflected in the individual data.
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Figure 2.6 The total number of trials for females (in red) and males (in blue).

Figure 2.7 shows the breakdown of the number of trials to criterion for each
stage within the study and for all individual children. It can be seen that out of 13
participants 11 needed considerably less trials for Set 2 than Set 1. When presented
with a second set of aliens, the child was already familiar with the procedure, and the
names (both sets consisted of animals named hib, feb, tor, and lup). For Set 1, none
of the participants reached criterion in the minimum number of 36 trials. For both Set
2 and the mixed sets, Lyn only required the minimum of 36 and 96 trials,
respectively, while all other children needed more trials. At the mixed sets with no

reinforcement stage, 8 children required no more than the minimum of 48 trials.
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Figure 2.7 For each child, the total number of trials to criterion for Set 1, Set 2, mixed sets with reinforcement (MS+R), and mixed sets without

reinforcement (MS-R).
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Listener behaviour test. Figure 2.8 shows the percentage of correct responses
per child for each of the two mixed sets. The pass level for the 24-trial block for each
set was 58%. As Figure 2.8 shows, all 11 children passed the listener test. Four
children made no errors in the total of 48 trials (there were 24 trials for each of the
two mixed sets), 4 children made one error, and 1 child made two errors. However,
the 2 remaining children (Davey and Belinda) showed more variable performances,
particularly on Mixed Set 1. Davey made 10 errors on Mixed Set 1, and two on
Mixed Set 2, and Belinda made four errors on Mixed Set 1, and three on Mixed Set
2. Davey met the individual stimulus listener criterion for two of the four stimuli in
Set 1 (but not for Hib 1 and Tor 1) and all stimuli in Set 2. After the first test, he was
given more tact training, including sessions that only targeted the two animals for
which he showed consistent errors (Hib 1 and Tor 1). Three more listener re-tests
were then conducted. Although he reached above chance performance for Hib 1 on
the second and fourth re-tests, his performance on Tor 1 trials remained below

chance.
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Figure 2.8 For each child, the percentage of correct responses in the listener behaviour test

for Mixed Set 1 (in yellow), and Mixed Set 2 (in green). Pass level for each set was 58%.

Table 2.3 lists the vocalisations produced by the children during the listener
behaviour test at the lower name level. Appendix C contains a collection of

comments that the children made during training sessions of all studies.
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Table 2.3 The children’s vocalisations during the listener behaviour test at the lower name level.

Participant Stimuli Experimenter’s prompt Child’s vocalisations

Davey Mixed Set 2  Which one’s the feb? (points at tor) Tor. (Then points at
feb.)

Alun Mixed Set 2 Which one’s the feb? (points  correctly) There! He’s

looking at you. Naughty feb. He
doesn’t want to play.

Cameron  Mixed Set2  Which one’s the lup? Lump (This is what he consistently

called the lup.)
Sasha Mixed Set 1  Which one’s the feb? Feb, feb, feb. (Then points
correctly.)

Discussion

The first aim of Study la was to see whether children could learn to tact (i.e.,
see animal — say “name”) the eight newly designed “alien” animals. The data show
that 12 out of 13 children reached criterion for tacting the aliens in both Set 1 and 2,
while 11 children reached criterion for all stages in the tact training procedure.
Therefore, the alien animals have been shown to be suitable experimental stimuli,
which could be useful in further studies.

The second aim of this study was to investigate whether children who had
learned to tact the alien animals, would demonstrate the corresponding listener
behaviour on hearing the object name (i.e., hear /name/ — select animal), without
being directly trained to do so. As mentioned above, 11 of the 13 participants
reached criterion for all stages of tact training and were tested for listener behaviour;
all 11 passed the listener behaviour test the first time, thereby providing support for

the naming account (Horne & Lowe, 1996), which suggests that when a child is
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trained to tact an object, in the course of this the child is likely to also learn the
corresponding listener behaviour, without it being separately trained. This would
apply to normally developing children of 2- to 4-years old (see Lowe, Horne, Harris
& Randle, 2002). The participants in Study la are 3- to 5-years old. Davey was the
only child to fail the individual stimulus test for listener behaviour for one of his
stimuli (Hib 1) and he scored just above chance for another stimulus (Tor 1).
However, the errors he made in the listener behaviour test involved names and
animals he also had great difficulty with in his tact training. In total he needed 984
tact trials because he continually made the same error. It was with the same stimuli
that he made errors on the listener behaviour test. Although Davey's tact performance
eventually met the criterion for tact training before each of three re-tests for the
corresponding listener behaviour, the above would suggest that both his speaker and
his listener behaviour for these particular stimuli were unstable. A further interesting
observation is that in some trials, some of the children echoed the listener stimulus
out loud before producing the listener response.

The third aim of Study la was to evaluate this novel way of presenting four
stimuli at a time (by placing them on a carousel), thereby allowing the learning of
simultaneous discriminations between all four stimuli. This new method can now be
compared in effectiveness (that is, in the number of trials to criterion) to methods
used in earlier Bangor research on categorisation, which involved pair wise
presentation of stimuli (see e.g., Lowe, Horne & Hughes, 2005). When using eight
animals in a study with pair wise presentation of stimuli, 24 combinations would be
needed. In order for the child to learn to distinguish H1-F1-T1-L1 and H2-F2-T2-L2,
which are the two initial sets of animals on the carousel in the present study, with

pair wise presentation it would be necessary to train the following 12 combinations:
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HI-F1 H2-F2
HI-T1 H2-T2
HI-L1 H2-L2
F1-T1 F2-T2
F1-L1 F2-L2
T1-L1 T2-L2

And after training these combinations, which would equal training of the two sets of
animals on the carousel, it would then — in line with the stage of mixed sets in the
present study - be necessary to train the following 12 combinations in pair wise

training:

HI1-F2 T1-H2
HI-T2 T1-F2
HI1-L2 T1-L2
F1-H2 L1-H2
F1-T2 L1-F2
F1-L2 L1-T2

This adds up to 24 combinations. In the case of ideal learning, meaning
errorless learning (which would be highly unlikely), for each of the listed
combinations there would be one 8-trial block for introduction of the animals,
followed by two blocks with 100% reinforcement (criterion 7/8 correct over 2
blocks) and one block without reinforcement (same criterion). Each stimulus would

be targeted four times per block. So in total there would be 32 trials (4 blocks x 8
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trials) per combination of 2 animals. Because there were 24 combinations of aliens,
in the case of ideal learning 768 trials would be necessary in total for § aliens with
pair wise presentation. In Study la, the child with the slowest learning process
required 984 trials (82 blocks x 12 trials). Recall that there were 11 children in Study
la who completed tact training. Ten of them required less than 768 trials; 6 required
less than 600 trials; 2 required around 400; and the child with the fastest learning
required only 372 trials. In short, the new method of presenting four stimuli at a time
generally required considerably less trials, and is therefore far more effective than

pair wise presentation.
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Study 1b — Learning higher-level names

Objects and entities in the world have names at different levels of abstraction.
Dogs and cats, for example, are also called “animals”, at a higher level. Study 1b
investigated how children learn higher-level names for objects and entities. Do they
have to be explicitly told the higher-level names in the presence of the objects or
entities, or is it perhaps enough for them to just hear the lower-level and higher-level
names together?

To investigate this, a word game was introduced in Study 1b, for the children
who had already learned the name relations with regard to the aliens in Study la. In
this word game, the four alien names (hib, feb, tor, lup) were linked to two different
higher-level names (zaag, noom). Just as dogs and cats are all “animals” at a higher
name level, the names zaag and noom were used to designate the aliens at a higher
level. For example, the hib and the feb could be called zaag at a higher level, and the
tor and the lup could be called noom at a higher level. The children were trained the
intraverbal relation between the lower-level and higher-level names. No alien animal
stimuli were present during the word game. Once the children had learned the
intraverbal name relations, they were tested for listener behaviour with regard to the

higher-level names (i.e., hear /higher-level name/ — select animal).

Method

Participants
Of the participants in Study la who passed the test for listener behaviour, 8
children (3 females and 5 males) were available for part 1 of Study 1b. They were

between the ages of 3 years and 7 months, and 4 years and 10 months at the start of
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the study (see Table 2.4). For part 2 of this study, Sebastian, Sara and Cameron were

not available, because they had left the nursery.

Table 2.4 Participants' sex, age at start of training, and age at listener behaviour test, for

Leg 1 and 2.

Participant ~ Sex Age at start Age at testing Age at start Age at testing
training Leg 1* Leg1 training Leg 2 Leg 2

Jon M 3/7 3/7 3/11 3/11

Lyn F 3/8 3/9 3/10 4/4

Jim M 3/9 3/9 3/10 3/10

Alun M 3/11 3/11 4/0 4/1

Sebastian M 3/11 4/0

Sara F 4/0 4/0

Cameron M 4/9 4/9

Sasha F 4/10 4/10 4/11 5/2

* Ages in years/months; age in days rounded up to nearest whole month (i.e., 16 days and more
rounded up).

Apparatus and Stimuli

The apparatus and stimuli employed in Study 1b were as in Study la, except
that there were no alien animal stimuli on the table during word game trials. Stimulus
sheets listed the verbal stimuli to be provided by the experimenter, and were used to
record the child’s behaviour during the session. In the listener behaviour test session,
the alien animal stimuli (see Study 1a) were used. In the test session, Experimenter 2
used stimulus sheets that specified the position of the aliens on the table and the
order of targeting without linking the higher-level names and the shapes, so that she
remained blind to the trained intraverbal relations and could not cue the child’s

responses during the test trials.
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Procedure

This was a single case design with replication across participants. During the
sessions no parents were present. There were one or two sessions per day with the
child, taking about 10 to 20 min each.

Arbitrary stimulus tact training. For each participant, Study 1b was started as
soon as possible after completion of Study la. Where necessary, the tact relations

established in Study la were retrained to criterion.

Echoic training. In a word game the names of the aliens at the lower level
(hib, feb, tor, and lup) were linked to the name of the animal at the higher level (zaag
or noom). Counterbalancing took place with regard to which of the higher-level
names was linked to which of the lower-level names for the individual children. So a
hib could be a kind of zaag for one child, while it was a kind of noom for another
child. Figure 2.9 shows the hierarchical structure with the intraverbal name links for
2 participants (Sara, at the top, and Sebastian, at the bottom). For Sara, the
intraverbals first trained in the word game were hib-zaag and tor-noom, for Sebastian

these were feb-zaag and lup-noom.
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Figure 2.9 The hierarchical structure for 2 participants (Sara, at the top, and Sebastian, at
the bottom), with the names of the aliens at the higher level and the lower level. Underlined
are the links that were trained first in the word game. For Sara, these links were hib-zaag

and tor-noom, for Sebastian these were feb-zaag and lup-noom.

The first part of the word game that linked the names of the aliens at the two
levels, was an echoic game, called You say what I say. In this game the experimenter
produced a verbal stimulus and the child produced an echoic response. The verbal

stimulus became more complex over trials. That is, if the verbal stimulus in the first
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trial of a block of eight trials was, for example, “hib”, then it would be “hib-zaag” in
the second trial. And in the remaining six trials, it would be “hib-zaag-hib-zaag”. In a
second block of eight trials the verbal stimulus in all trials would also be “hib-zaag-
hib-zaag”. The child’s responses on each trial were recorded on the stimulus sheets.

The child’s correct echoic responses were followed by social praise (e.g.

“Yes!” or “Well done”). If the child did not produce the correct echoic response, the
experimenter provided corrective feedback by producing the verbal stimulus again.
The learning criterion in this part of the game was seven out of eight correct
responses within a block over two consecutive blocks.
Intraverbal training. The second part of the verbal training was an intraverbal game,
in which the child responded with a “chain” of lower-level and higher-level names
upon hearing just the lower-level name. The child was instructed that whenever the
experimenter said, for example, “hib”, the child should say “hib-zaag-hib-zaag”. In
this part of the game, the experimenter provided the same verbal stimulus over a
minimum of two blocks of eight trials each. Praise or correction followed the child’s
response as described above. The learning criterion was, again, seven out of eight
correct within a block over two consecutive blocks. The trained and tested relations
in Study 1b are shown in Figure 1.3 (in Chapter 1).

Reduction in reinforcement rate. Once criterion was reached for the second
part of the word game, a further two blocks of eight trials were conducted. The
verbal stimuli in these trials were identical to the stimuli in the intraverbal game (the
stimulus being, for example, “hib” and the expected response “hib-zaag-hib-zaag”).
Now, however, the trials were presented under zero reinforcement. This was done to
prepare the child for the zero reinforcement situation of the test sessions, and thereby

to ensure that responding would continue also under those extinction conditions. In
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these no reinforcement sessions the experimenter reintroduced the penguin hand
puppet (Peter Penguin), and asked the child to teach Peter the word game. The
experimenter said she would keep very quiet, and wouldn’t say, “Yes, well done!” all
the time, because that would distract Peter. At this stage, as before, the learning
criterion was seven out of eight correct within a block over two consecutive blocks.
If the performance of any child did not meet the zero reinforcement criterion, then
reinforcement was reintroduced until responding was once again at criterion. The
child was then tested once again in extinction, and so on, until the child’s
performance met the zero reinforcement criterion.

All three stages in the word game that are described above were played with
respect to both higher-level categories. Counterbalancing took place for starting the
intraverbal training with either the zaag or the noom higher-level category names.
For example, Sara started with the zaag link, while Sebastian started with the noom
link. During the word game training period, maintenance training was conducted
with Set 1 and 2 of the aliens. There were no alien animal stimuli on the table during
the word game.

Listener behaviour test for higher-level names. The listener behaviour test
determined whether echoic and intraverbal training that establishes bi-directional
links between tacts/names at the lower level with potential tacts/names at the higher
level resulted in the child being able to make listener behaviour discriminations (hear
name — select animal) with regard to the higher-level names. In the test sessions,
Experimenter 1 presented review trials for the lower-level tacts in two 4-trial blocks,
one for Set 1 and one for Set 2. Following that, two 4-trial blocks were conducted to
review the intraverbal links, one block for each link. During the review trials,

occasional errors were corrected. After the review trials and before the test,
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Experimenter 1 gave the child the instruction, “Now that you’ve learned the names
of the animals, and the word game, we’ll see how that can help you on the next
game.”

For testing, Experimenter 2 then took over, and the test screen was placed on
the table between Experimenter 2 and the child. Testing was done by putting two of
the alien animals (each of a different higher-level category) in front of the child and
asking: “Where’s the noom/zaag?” The two aliens and the listener stimulus to be
presented on each trial were specified by stimulus sheets, which were designed to
ensure that Experimenter 2 remained blind to the trained relations and could not cue
the child’s responses. For the test, four alien animal stimuli were used belonging to
two lower-level categories and to two higher-level categories (for example, for Sara
two hibs and two tors were used for the first test in Study 1b, the hibs being a kind of
zaag, and the tors being a kind of noom). The test consisted of four blocks of 12
trials, with one block per combination of animals. First, both animals from the
original Set 1 were presented during one block of trials, followed by both animals
from Set 2 in the next block (for Sara this was H1 and T1 for the first block, followed
by H2 and T2 for the second block of trials). In the last two blocks of trials the
animals were presented in combinations of one animal from Set 1 and one from Set 2
(for Sara this was H1 and T2, and H2 and T1).

Per block of 12 trials, the child was asked six times “where’s the noom?” and
six times “where’s the zaag?”. So noom and zaag were each targeted six times per
block, three times while in the left position, and three times while in the right
position. The trials were presented in a quasi-random order. That is, a random order
was generated and then checked and, if necessary, adjusted to avoid obvious regular

patterns in the position of the targeted animal (e.g., the correct animal is always on
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the left). Furthermore, the same trial should not occur twice in a row, where “the
same trial” means, for example, noom targeted while the correct animal is in the left
position.

The listener behaviour criterion for the higher-level names of the animals was
10 out of 12 correct per alien animal. Using the binomial distribution statistic it was
found that 10 out of 12 correct would indicate an above chance performance (to
produce 10 or more correct by chance, p = 0.019).

No reinforcement was given at this stage, nor was behaviour corrected during
trials. However, in the event that a child performed poorly on the first block of trials,
Experimenter 1 gave Clue 1 (see Table 2.5). If the poor performance persisted, a

second clue was given after Block 2, and a third clue after Block 3.

Table 2.5 Clues given in the event of a child's poor performance.

Clues

1 Remember the hib-zaag' game? What does that tell you? Does
that help you to choose the zaag?

2 What goes with zaag?

3 A hib is a zaag!

After testing for listener behaviour at the higher name level with regard to the

first two links (e.g., hib-zaag and tor-noom), the intraverbal training procedure was

! Particular names differed per child.
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conducted for the remaining links (e.g., feb-zaag and lup-noom), followed by another
test for listener behaviour at the higher name level.

Interobserver reliability. An independent observer scored all trials in a
randomly selected 25% of all training sessions; interobserver agreement on these
trials was 100%. In the same way, all test trials were scored; interobserver agreement
on these trials was 99%. The independent observer reported no discrepancies

between the scheduled and implemented procedures.

Results

The word game: echoic training, intraverbal training, and reinforcement
reduction. All 8 participants completed the echoic and intraverbal training for the
first leg of the hierarchy (see Figure 2.9 for two examples). The number of training
trials needed for Leg 1 and 2, for each individual child are shown in Figure 2.10. For
Leg 1, on average they needed 98 trials (range 96—104): 33 trials for the echoic
training (range 32—40), 33 for the intraverbal training with reinforcement (range
32—40), and 32 for intraverbal training without reinforcement (all children needed
32 trials). The total number of trials to complete all training for females was 96 trials
on average (all girls needed 96 trials), while for males it was 99 (range 96—104).
Generally, there was little difference in the total number of trials required between
participants, and between females and males. Six out of eight participants needed no
more than the minimum number of trials to reach criterion in all three stages of the
study (32 trials for each stage). Two boys needed one more 8-trial block, in the

echoic training stage and the intraverbal training stage with reinforcement,
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respectively. After completion of training for Leg 1 of the hierarchy, the children

were tested for listener behaviour at the higher name level for Leg 1.
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Figure 2.10 The total number of training trials for all individual children in the word game

with the alien names (Leg 1 in yellow, Leg 2 in blue).

The word game revisited. Five children started the word game training for
Leg 2 of the hierarchy, after being tested for listener behaviour at the higher name
level for Leg 1. All five participants completed training. This time, they needed more
trials than for Leg 1, on average 165 trials in total (range 112—208): 32 trials for the
echoic training (all children needed only the minimum of 32 trials), 99 for the
intraverbal training with reinforcement (range 40—144), and 34 for intraverbal
training without reinforcement (range 32—40). Females needed on average a total of
200 trials (range 192—208), while males needed 142 (range 112—184). So for
females the total number of trials was considerably higher than for males. In

intraverbal training with reinforcement all children needed more than the minimum
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of 32, while in intraverbal training without reinforcement only one boy needed one

more 8-trial block.

Listener behaviour test at the higher name level. Figure 2.11 shows the
percentage of correct responses per child for each of the zaags and nooms in the test
for listener behaviour at the higher name level, for Leg 1 and Leg 2 of the hierarchy.
The listener behaviour criterion was 10 out of 12 (83%) correct per animal.
Following training for the first two name links, a child was tested for Leg 1 of the

hierarchy.
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Figure 2.11 The percentage of correct responses per child for all the zaags (in blue and yellow) and nooms (in red and green), separately, in the test for

listener behaviour at the higher name level. The listener behaviour criterion was 10 out of 12 (83%) correct per animal. Sebastian, Sara, and

Cameron were not available for training and testing for Leg 2.
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Leg 1. As can be seen from Figure 2.11, of the 8 participants tested for
listener behaviour with regard to Leg 1 of the hierarchy, 5 children passed. They
all showed an errorless performance over 48 trials (12 trials per animal). Three
children failed the test (Sara, Lyn, and Jim). They scored around chance level
(50%) or below. Jim did have 75% correct for Noom 1, but otherwise his
performance was at chance level. After the test, Sara, Lyn and Jim were given
additional sessions, which are described after the results for Leg 2. The
vocalisations by the children during testing for Leg 1 are listed in Table 2.6. After
testing, one or more trials were usually repeated, and following a response the
child would be asked why that response was given. That is, the child was asked:
"Why is that a zaag/noom?" Some children replied that they didn’t know, or
“cause it is” (Sara), but other children replied by referring to the lower-level

name: “cause it’s a hib/feb/lup/tor” (Jon, Sebastian, and Alun).
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Table 2.6 Children’s vocalisations during the listener behaviour test at the higher name level,
Leg 1.

Vocalisations during listener behaviour test

Participant Stimuli Experimenter’s prompt Child’s vocalisations
Jon Feb1+Hib2 Which one is the zaag? Hib-zaag-hib-zaag
Feb2 +Hib 1 Which one is the noom? That one (points correctly).
He’s moving. He wants to
go.
Cameron  Hib 1+ Tor1 Which one is the zaag? (whispers:) tor-zaag (on 4
Hib 2 + Tor 2 trials)
tor-zaag
Hib 1 + Tor2 Which one is the noom? noom
Which one is the zaag? zaag ... tor-zaag
Hib 2 + Tor 1 zaag

zaag is easy

the tor-zaag (on 3 trials)
Which one is the noom? the noom-tor (on 2 trials)
Which one is the zaag? tor-zaag

Leg 2. After the test for Leg 1, intraverbal training for the other two name
links took place, and finally listener behaviour testing for Leg 2. Of the 5
participants, 3 produced an errorless performance for this test (as they had done in
the test for Leg 1). The 2 children (Lyn and Jim) who had failed Leg 1 also failed

Leg 2. The children's vocalisations during testing for Leg 2 are listed in Table 2.7.
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Table 2.7 Children’s vocalisations during the listener behaviour test at the higher name level,
Leg 2.

Vocalisations during listener behaviour test

Participant Stimuli Experimenter’s prompt Child’s vocalisations
Jon Lup 2+ Tor2  Which one is the zaag? (whispers:) tor-zaag-tor-zaag
Lup 1+ Tor2 Which one is the zaag? (whispers:) tor-zaag-tor-zaag
Sasha Feb2+Hib1 Which one is the zaag? tor-zaag-tor-zaag. That’s the
tor, so...

Alun was a special case. When he was tested for Leg 1 his behaviour was
errorless. On the day that he was tested for Leg 2, there was a bouncy castle in the
nursery and all children were very excited and distracted. Alun unexpectedly showed
a complete reversal, scoring 0 out of 12 for two blocks of trials. The test session was
discontinued at that point, and it was decided to disregard the session because Alun
did not comply with the task. Normally, more training sessions would have been
conducted with Alun, but because he would be leaving the nursery within two weeks
and it was hoped that he could take part in Study 1c before leaving, an accelerated
procedure was employed. Apart from more training trials for the lower-level names
and the word game, he was given 48 trials in which two stimuli were presented, one
noom and one zaag, as in the listener behaviour test. On each trial he was asked,
“Which one is the zaag/moom?” (six trials per alien). When he pointed, either
correctly or incorrectly, he was asked, “Why is that the zaag/noom?” He tended to
reply “cause it’s a hib/feb/tor/lup”. Then he was asked, “and what do you say when I
say hib/feb/tor/lup?” (in the word game). His reply to this would be followed by “so
which one is the zaag/moom?” For his selection of an alien upon this question, he

would not receive feedback. He did very well on these trials, and when he was then
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tested again for Leg 2, his behaviour was errorless (as can be seen in Figure 2.11), as

it had been for Leg 1.

Just as for Leg 1 before, Jim and Lyn failed the listener behaviour test for Leg
2, although Jim did reach criterion for Noom 1. Lyn’s response pattern was
interesting. She showed complete reversal, consistently picking the wrong animal,
which led to a zero score for three out of four animals. For the fourth animal (Zaag

2), she scored 17% correct.

Additional sessions. Children who failed the test for either Leg 1 or Leg 2, or
both, were given additional sessions. This applied to Sara, Lyn, and Jim.

Sara failed the test for Leg 1, and was given three additional sessions. She
had one session in which she was required to echo the explicit rules “A hib is a zaag”
and “A tor is a noom” several times. Then she was asked to complete the sentences
“A hib is a...” and “A tor is a...” A retest showed no improvement on the listener
test. In a second session, in pair wise training Sara was asked for both animals “What
is this?”, a prompt for the lower-level name. Then, without the animals present, she
was asked: “What do you say when I say hib/feb/tor/lup?” (word game trials).
Correct responses were reinforced. Then a retest by Experimenter 1 followed, in
which feedback was provided in response to the first error. Sara was told which one
was the zaag and which one the noom. Her listener behaviour improved for Block 1
(10/12 correct), and Block 2 (9/12 correct, the criterion was 10/12 correct). For
Block 3 and 4, the procedure was the same, but no correction was given. The child’s
performance dropped to chance level (6/12 and 6/12 correct). In a third and final
session the child was asked to echo “hib-zaag-hib-zaag”, and then “a hib is a zaag”.
This resulted in the child reacting with “a hib is a zaag” to the experimenter’s model

“hib-zaag-hib-zaag”. Praise was provided. The same was done for the tor-noom link.
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Following this, with pair wise presentation the child was asked, “Which one is the
zaag/noom?” In response to the first error, feedback was given by pointing at the
correct animal and asking: “what is this?” When the child answered correctly, the
experimenter said, “Remember the word game? hib-zaag-hib-zaag, a hib is a ...?”
(or: tor-noom-tor-noom, a tor is a ...?). Following a correct response, Sara was asked
again, “Which one is the zaag/moom?” If the response was incorrect, the prompt
procedure was repeated. The child’s listener behaviour improved over four blocks of
12 trials each (4, 8, 9, 8 correct per block), but criterion was still not reached.
Interestingly, when the experimenter pointed at the tor and asked “What is this?” the
child replied several times: "tor-noom-tor-noom".

Lyn was also given additional sessions after failing the test for Leg 1 and
after failing the test for Leg 2. After the first test, she was given one block of test
trials with the prompt “which one is the zaag/moom?” for each trial. After each
response, she was asked, “why is that the zaag/noom?”” Her reply varied from giving
one correct and one incorrect lower-level name (on two different trials), to “it’s just
the noom”. But mostly she replied, “Don’t know”. She scored 6/12. She was given
maintenance training for the lower-level name and the word game, and then provided
with a more explicit rule. This was done by having her echo “tor-zaag-tor-zaag ... a
tor is a zaag” (8 trials) and “hib-noom-hib-noom ... a hib is a noom” (8 trials). In the
next session the same training was given. Following this, Experimenter 1 conducted
one block of test trials, on which Lyn scored 5/12, and finally another block of test
trials was given. This time feedback was provided in the following way. After each
response, the experimenter said, “why is that a zaag/moom? (...) If I put it on the
carousel and ask ‘what’s this?” what do you say? (the child gave the lower-level

name, e.g., tor) And what do you say when I say tor/hib? (...) So which one is the
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zaag/mnoom?” This procedure did not lead her to reach criterion; she scored 8/12
correct.

Training for Leg 2 was then started. When she was tested after training for
Leg 2, her performance showed complete reversal, as can be seen in Figure 2.11.
This meant that for almost all trials (46 out of 48), whenever she was asked for the
zaag, she would point at the noom, and vice versa. Lyn was then given more of the
verbal prompt sessions along the lines described above. First with maintenance
training for the lower-level names and the word game, which were in fact still in
place, together with a block of test trials (conducted by Experimenter 1) with the
additional question “why?” after each response. In all 12 trials she replied, “Don’t
know”, and she scored 1/12, again a complete reversal. More maintenance training
for the lower-level name and the word game followed, and she was provided with the
explicit rule for the aliens in Leg 2. This was done again by having her echo “lup-
zaag-lup-zaag ... a lup is a zaag” (8 trials) and “feb-noom-feb-noom ... a feb is a
noom” (8 trials). In the next three sessions the same training was given (two more
sessions than for Leg 1). Then two blocks of test trials followed, conducted by
Experimenter 1. This time feedback was provided as in the additional sessions for
Leg 1. That is, after Lyn’s responses in the test trials she was asked for the lower-
level name of the selected animal, then she was asked for the word game link, and
finally the test trial was repeated. Her performance improved in the course of the first
trial block, for which she scored 8/12 correct, but not during the second block, for
which she scored 2/12 (reversal again). Maintenance training for the lower-level
name and the word game was resumed, and in addition she was provided with a new
rule for the aliens in Leg 2: Lyn was instructed to echo “lup-zaag-lup-zaag ... a lup is

a kind of zaag” (8 trials) and “feb-noom-feb-noom ... a feb is a kind of noom” (8
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trials). This type of training was given over four sessions, but after the first session
the echoing of “lup-zaag-lup-zaag” was followed by the prompt “and then?” and the
child was to complete the verbal rule. One block of test trials followed (no feedback,
no reinforcement). Lyn had 8/12 correct. After the 12 trials, she was given two more
trials, one targeted the zaag (incorrect response), the other the noom (correct
response). After both responses she was asked “why?” For the zaag, she said, “cause
it’s got horns”, for the noom “I don’t know”. After maintenance training for the
lower-level names, the word game, and the new verbal rule, in the next session two
more blocks of test trials were conducted (no feedback, no reinforcement). Lyn
scored 3/12 and 0/12. When asked which one the zaag was and why, she selected
incorrectly, and said again “cause it got horns”. A final session, before she left the
nursery, was like the previous session but with one block of test trials. Lyn scored
0/12 (complete reversal again).

Finally, there was Jim who also failed the test for Leg 1 and was given three
special sessions. In all three he was given maintenance training for tacting the aliens
at the lower name level, and for the word game, on which he did very well overall,
except that in tacting in the first session he made one error with regard to Feb 2, and
two for Hib 2. In subsequent trials his responses were correct for these aliens. Apart
from that, in the first session he was retested on two blocks of test trials by
Experimenter 1. There was no cueing, no feedback (correction) and no
reinforcement, but after each response the child was asked, “Why is that a
zaag/noom?”” On each trial the child replied, “cause it’s a feb/lup”. Jim had 9/12 and
10/12 correct, and in the five trials where he pointed to the wrong animal, he did tact
those aliens correctly at the lower-level name. So when he was asked for the noom

(Feb 1 or 2) and pointed to the zaag (Lup 1 or 2) instead, when asked why, he said,
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“cause it’s a lup”. In a second session, this procedure was repeated with a third block
of test trials. Jim had 9/12 correct, but interestingly, when he picked the wrong alien
as zaag or noom, he also provided the incorrect lower-level names. The three trials
with incorrect selection were then repeated, and he now had 2/3 correct. In a third
and final session, this procedure was repeated with a fourth block of test trials. Jim
had only 2/12 correct. This time he was given feedback in the following way. When
after 4 trials he again provided the incorrect lower-level name (“feb” for Lup 1), he
was asked, “Is that the feb?” He corrected his response, and when asked again,
“which one is the noom?” he pointed correctly and provided the correct lower-level
name. In trials in which he was asked for the noom, for example, but selected the
zaag and correctly called it lup, he was then asked, “how does the word game go
again? What do you say when I say lup?” In all cases, he provided the correct link.
Then he was asked, “so which one is the noom?” and in all cases he then selected
correctly. In the course of the trial block his performance did not improve because of
this feedback, as his score of 2/12 makes clear. Instead of more such sessions Jim
was then given word game training for Leg 2 of the hierarchy, and tested for listener
behaviour at the higher level at the end of training. He scored 5, 5, 7 and 4 for the
four 12-trial blocks, as can be seen in Figure 2.11. Before he left the nursery, he was
given one more special session consisting of one 12-trial block with feedback as in

the last special session for Leg 1. His score was 5/12.

Discussion

The aim of Study 1b was to investigate how children learn higher-level names

for objects and entities. Do they have to be explicitly told the higher-level names in
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the presence of the objects or entities, or is it perhaps enough for them to just hear
and say the lower-level and higher-level names in sequence? Each of the lower-level
names hib, feb, tor, and lup were linked intraverbally with a potential higher-level
name, either zaag or noom, in an echoic and intraverbal word game that was played
without the aliens being present. Once the word game was learned, the children were
tested for listener behaviour with regard to the potential higher-level names (i.e., hear
/higher-level name/ — select animal).

The data show that of the 8 children who completed training and were tested,
5 passed the listener behaviour test at the higher name level for Leg 1, and 3 of the 5
children who passed the test for Leg 1, also passed the test for Leg 2 (the other 2
children who had passed the test for Leg 1 had left the nursery). So for 5 out of 8
children, learning the intraverbal relation between lower and potential higher-level
names was enough for them to also acquire listener behaviour at the higher name
level, without direct training. This is in line with Horne and Lowe’s description of
interchange of listener behaviour across intraverbal names: “when names are reliably
linked within an intraverbal sequence, listener behaviour of any one of the name
relations will be increasingly evoked by the other name relations and vice versa”
(1996, p. 210). Interestingly, of the 5 children who passed the test, in one or more
trials 3 children (Jon, Cameron and Sasha) produced the intraverbal name relations
out loud before responding in the listener test, while the 2 other children (Sebastian
and Alun), along with Jon, referred to the name links in explaining their responses
(“Why is it a noom?” — “Cause it is a feb/tor/hib/lup”).

With regard to the children who failed the test, the data show that extra
sessions, in which they were given more explicit rules in a further word game, did

not help them to pass the test at later stages. So even after such sessions, Lyn and
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Sara’s behaviour during the listener behaviour test at the higher name level had not
come under the control of the intraverbal relations they had learned, or the explicit
rules. When during the test Sara was given one of the clues as listed in Table 2.5, and
was thus reminded of the word game, she even asked, “Is that important?” suggesting
this lack of control by the intraverbal relations. For Jim, the sessions in which he was
asked to explain why he had selected a particular alien, initially seemed to improve

his performance, but in further sessions his performance deteriorated.
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Study 1c — Names and transfer of behaviour

Imagine a child playing with a small plastic bowl (an example described by
Horne & Lowe, 1996, p. 213). When the child is told during play that it is a boat, she
may then show behaviour appropriate to boats. For example, she may put it in water,
or pretend water, and have it make floating movements. Alternatively, if the child is
told it is a hat, she may put the container on her head and show other behaviours
associated with hats. In these cases the listener behaviour (or functional responding)
with regard to boats and hats, transfers to the plastic container by means of the
names. This is called transfer of function (see, for example, Lowe, et al., 2005, and
Horne, et al., 2006). Once a child has learned names at different levels for particular
objects, she may then also show transfer of function at different name levels. This
name-based transfer is the focus of Study lc.

In this study, two functional responses were trained (i.e., see animal —
produce gesture), one to a zaag, one to a noom. The functional responses can be seen
as greetings, and are particular movements of the hand, in one case, left hand
touching left shoulder, and in the second case hands touching each other at the
fingertips while palms are facing down (see Figure 12). Following training, the
children were tested for transfer of function to the other stimuli. Would the trained
greetings transfer only at the lower name level or also at the higher name level? If
for one particular child, one greeting was trained to Hib 1 (a zaag) and the other
greeting to Lup 2 (a noom), then would the greeting learned for Hib 1 only transfer to
Hib 2, or also to the other zaags (let’s say, the two febs), and would the greeting

learned for Lup 2 only transfer to Lup 1, or also to other nooms (in this case the two
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tors)?* This was tested by presenting the child with the aliens not used in function
training, one zaag and one noom at a time, and asking the question “How does this

one go?” while pointing at one of the two aliens (i.e., see animal — produce gesture).

Method

Participants

Of the participants in Study 1b who passed the test for listener behaviour at
the higher level for all legs of the hierarchical structure (see Figure 2.9), 3 children (1
female and 2 males) were available to take part in Study 1c. They were between the
ages of 3 years and 11 months, and 5 years and 2 months at the start of the study (see

Table 2.8).

Table 2.8 Participants' sex, age at start of training, and age at first listener behaviour test.

Participant Sex Age at start Age at testing
(years/months*) (years/months*)

Jon M 3/11 4/0

Alun M 4/1 4/1

Sasha F 5/2 5/3

* age in days rounded up to nearest whole month (i.e., 16 days and more rounded up).

Apparatus and Stimuli

Apparatus and stimuli in Study 1c, and all the following studies, were as in

Study 1a.

2 Bear in mind that intraverbal name links varied for individual children. So a hib could be a zaag for
one child, while it was a noom for another child.
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Procedure

As before, a single case design with replication across participants was
employed. No parents were present during the study. There were one or two daily
sessions with the child, which took about 10 to 20 min each.

Arbitrary stimulus tact training and intraverbal training. For each participant,
Study lc was started as soon as possible after completion of Study 1b. Where
necessary, the tact relations of Study la and the intraverbals of Study 1b were
retrained to criterion.

Novel function training. For each child, two of the eight alien animal stimuli,
one zaag and one noom, were randomly selected for novel function training. The two
novel responses to be trained, were 1) hand on shoulder, and 2) hands in front,

touching each other at the fingertips while palms are facing down (see Figure 2.12).

Figure 2.12 The functional responses each trained to a different alien stimulus.

Each response was randomly assigned to a particular animal for each child. The
relations between the specific animals, their names at both levels, and the trained
functional responses for each participant are shown in Table 2.9. During training the
two alien animal stimuli were placed in front of the child. In the first trial for each

alien, the experimenter pointed at the target stimulus and introduced it by saying:
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“Look, this one goes like this [experimenter demonstrates gesture]. Can you do
this?” In subsequent trials with the same alien, the experimenter pointed at the
targeted stimulus and said: “How does this one go?” Following a correct response the
experimenter delivered social praise (saying e.g., “Yes, well done!”)*. If the child did
not produce the correct response, corrective feedback was provided: “It goes like
this. Can you do this?” One stimulus was targeted on each trial. The aliens were each
targeted four times (each twice on the left, and twice on the right) in a pre-specified
quasi-random order in blocks of eight trials such that the same trial type (e.g., hib on
left while targeted) did not appear twice in succession. The order of targeting was
listed on a stimulus sheet. The learning criterion for this stage was 7 out of 8 correct
over two consecutive 8-trial blocks. During the function-training period, maintenance
training was conducted with regard to tacting of the aliens (Set 1 and 2), and with
regard to the word game. The trained and tested relations in Study 1lc are shown in

Figure 1.4 (in Chapter 1).

3 And occasionally, in addition, a music book was presented on which the child could press a button.
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Table 2.9 For each child, the novel behaviour trained to the specified stimulus (gestures are
shown in Figure 2.12).

Participant Trained Gesture
Hand on shoulder Hands in front
E ) -~
Alun Feb 2/ zaag Hib 1 /noom
e E
Sasha Lup 1/noom Hib 2 / zaag
B Gd
fon Tor 1/ zaag Lup 2/ noom

Reduction in reinforcement rate. As before, in the last training stage
reinforcement was reduced to 0%. This was done to make sure that the child’s
performance remained at criterion in the absence of reinforcement, in preparation for
the test situation in which there would be no contingent reinforcement delivered. In
these no reinforcement sessions the experimenter used the penguin hand puppet
(Peter Penguin), and asked the child to teach Peter the game. If the performance of
any child dropped below criterion, then behaviour was to be trained to criterion
again.

Category transfer-of-function test. Following novel function training, the
child was tested for transfer (i.e., see animal — produce gesture) of these responses to
the other aliens. Prior to testing, Experimenter 1 conducted review trials for tacting
of the aliens in Set 1 and 2. Each of the eight stimuli was targeted once, to determine

whether the trained tact behaviour was still in place. Review trials were also
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conducted for the word game (four trials per link, e.g., hib-zaag), and for function
training (four trials for each of the two animals). Furthermore, it was checked
whether listener behaviour for the higher-level names was still in place (four trials
for each of the four randomly selected pairs of one zaag and one noom). After these
trials, Experimenter 1 sat behind the child, while Experimenter 2 sat opposite the
child.

The test screen was placed between Experimenter 2 and the child, to control
for cueing. Of the six alien animals not used in function training, two animals (a
random selection of one zaag and one noom) were put on the table in pre-specified
positions. Experimenter 2 pointed at one of the two animals, and asked the child:
“How does this one go?” If the child did not respond within 4 s, the verbal prompt
was repeated up to twice more if necessary. Each stimulus was targeted ten times in
total (five times on the left and five times on the right) over two 10-trial blocks. The
stimuli were targeted in a pre-specified quasi-random order in which the same trial
(e.g., Feb 1 on left and targeted) did not occur twice in succession. The order of
targeting was listed on stimulus sheets on which the names and shapes were not
linked, to control for cueing.

In this manner, all six stimuli were targeted ten times, making a total of 60
trials. The criterion was 80% (8 out of 10) correct for each alien, over two
consecutive blocks. An additional criterion for behaviour transfer was 80% (8 out of
10) correct responses emitted to each animal pair, over two consecutive blocks.
Using the binomial distribution statistic it was found that 8 out of 10 correct per
animal pair would indicate a performance well above chance; the probability of
producing 8 or more per animal pair correct by chance is 0.044. When this criterion

is applied over two consecutive blocks, this probability is <.001. The combined
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criterion was necessary, because it was possible to reach criterion for an alien by
producing the same gesture on many or all trials in two 10-trial blocks, where it
would be doubtful whether this would be a case of transfer of function. A child who
reached criterion for one alien in a particular pair in this way, did not reach criterion
for that pair. No reinforcement was given during the test.

Interobserver reliability. An independent observer scored all trials in a
randomly selected 25% of all training sessions; interobserver agreement on these
trials was 100%. In addition, all test trials were scored; interobserver agreement on
these trials was 99%. The independent observer reported no discrepancies between

the scheduled and implemented procedures.

Results

Function training and reinforcement reduction. All 3 participants completed
the function training. The average number of trials to criterion was 64 (range 40—
88); 43 trials for the function training with reinforcement (range 24—56), and 21 for
function training without reinforcement (range 16—32). The total number of trials to
criterion for both training stages for the female participant was 40 trials, while for
males it was 64 and 88, respectively. After reaching criterion for the function
training, the children were given more training trials, because their response latencies
were large (an estimated 4 to 6 s; sometimes it was necessary to repeat the prompt).
Trials of overtraining were added for strengthening the responding and decreasing
latency, that is, until the child responded immediately and correctly on X consecutive

trials. Jon had eight extra trials, while Alun had 16, and Sasha 40.



Chapter 2 Study 1 106

Transfer of function test. Table 2.10 shows the alien pairs used in training and
testing, and the number of correct responses out of 10 per pair for each child. The
transfer of function criterion was 80% (8 out of 10 responses) correct for each of the
two 10-trial blocks per alien pair. Only Jon reached this criterion for all three pairs.
Alun reached it for Pair 1, and Sasha reached criterion for none of the pairs. The
other criterion was 80% percent (8 out of 10) correct for each alien. Figure 2.13
shows the percentage of correct responses per child to each of the six aliens
presented in the test (i.e., the aliens not involved in training). Two functions had been
trained, one to a zaag (e.g., Hib 1), one to a noom (e.g., Feb 2). Figure 2.13 shows
whether the functions transferred without direct training to the other members of the
lower-level categories (in this example, Hib 2 and Feb 1), and whether they
transferred to the other members of the higher-level categories (the other zaags and

nooms, in this case, the tors and the lups).
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Table 2.10 The alien pairs used in training and testing, and the test scores for the three alien pairs
(P1, P2, P3), for each child. The transfer of function criterion was 80% (8 out of 10) correct for each
of the two 10-trial blocks per alien pair. The top score for each pair shows the result for the first test
trial block, the second score gives the result for the second trial block.

Child Gesture Training Test stimuli Scores
stimuli per pair
Pair 1 Pair 2 Pair 3 (out of
10)
Handon 2 46 @& P1: 9
shoulder 10
Alun Feb 2/zaag ~ Lup l/zaag  Lup 2/zaag  Feb 1/zaag P2 9
1
Hads U o & P3: 4
in front B

Hib 1/noom Hib 2/noom  Tor 2/noom  Tor 1/noom

Hand on 2 « @‘ Pl: 4
shoulder Y

5
Sasha Lup 1/noom  Feb 1/noom Lup 2/noom Feb 2/noom P2: 4
5
Hands “S * ‘ " *
in front P35
5

Hib 2/zaag ~ Tor 2/zaag Tor 1/zaag Hib 1/zaag

Hand on @“ g 2 ‘S P1: 10

shoulder 10
Jon Tor 1/zaag ~ Tor 2/zaag  Hib 2/zaag ~ Hib 1/zaag w3, 16
10
Hands « b \ /’\
in front P3: 10
9

Lup 2/noom Feb 1/noom Lup 1/noom Feb 2/noom
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Figure 2.13 The percentage of correct responses for all six aliens used in transfer of function
testing, two of the same lower level category (LLC), and four of the same higher level

category (HLC) as the aliens used in function training. Criterion was 80% correct per alien.
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Jon showed almost perfect transfer of function both at the lower level and the
higher level. He made just one error in 60 trials (there were 10 trials for each of the
six aliens). Alun showed transfer of function to two aliens, and Sasha seemed to do
so as well; in both cases it concerned transfer to an alien belonging to the same
lower-level category as one of the aliens used in training, and to an alien belonging
to the same higher-level category as one of the aliens involved in function training.
However, Sasha reached criterion for these aliens by producing the same gesture on

almost every trial, over two blocks.

The vocalisations produced by the children during testing are listed in
Table 2.11. Sasha’s vocalisation was produced in the initial test, not in retesting. As
in the previous study, one or more trials were repeated in a post-test interview. The
experimenter asked the child: "Why does it go like that? Jon replied again by
referring to the lower-level name: “‘Cause it’s a feb”. Experimenter 1 then asked:

“And is that how febs go?”” Jon confirmed this.
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Table 2.11 The children’s vocalisations during transfer of function testing.

Participant Stimuli Experimenter’s prompt ~ Child’s vocalisations
Alun Lup 2+ Tor2 How does this one go? Looks like that (compares

shape of hands with shape of
alien, while making gesture
right next to alien: incorrectly
produces the hands in front
gesture next to Lup 2. It is
unclear to the experimenter
why Alun sees similarities in
these shapes.

In a later trial he again
suggests a similarity in shape
of gesture and alien, when he
correctly makes the hands in
front gesture, a “long
gesture”, one could say, next
to Tor 2, a long shape.

He first did this in training,
producing the hands in front
gesture right next to Feb 2,
again a long shape. All three
shapes are shown below*).

Sasha Lup 2 + Tor 1 tor-zaag  (then  produces
correct gesture)

* Alun’s aliens:

Lup 2 ‘S Tor 2 /" Feb 2 K

Additional sessions. Sasha was given additional sessions after the test. These
were comparable to the initial training sessions for the functional responses, except
that the verbal prompt was more elaborate. Instead of being asked, “How does this
one go?” for the two aliens involved in function training, she was asked, “What’s
this? (...) Is it a zaag or a noom? (...) And how does it go?” Along with this, she
received maintenance training for the lower-level names and the word game. This
extended function training was given over four 8-trial blocks with reinforcement, and

two blocks without reinforcement. Sasha was then tested by Experimenter 2, using
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the same elaborated prompt on every trial. Over Block 1, 2 and 3 her performance
was errorless: her answers to the first part of the verbal prompt were correct on all
trials, and for the second part of the verbal prompt she only made an error on one
trial, but she still produced the correct gesture for that alien. In Block 4 she had 8/10
correct, she always gave the correct lower-level name, and made only one error for
the second part of the prompt (in the two trials in which she produced the incorrect
response, her answers to the first and second part of the prompt were correct).
Unfortunately, the test session was unavoidably long, and her performance regressed
over the final two blocks: 6/10 (two errors for the second part of the prompt, but not
in the trials in which she produced the incorrect gesture) and 4/10 (five errors for the
same prompt, but in three of the six trials in which she produced the incorrect
gesture, she replied correctly both the first and second part of the prompt). For these
last two blocks she went back to producing mainly the same gesture (hands in front)
over two trial blocks. Sasha was then given six more training blocks with the
extended verbal prompt, and was then tested again for the last two trial blocks of the
earlier test. Her performance was not better than before (2/10 and 6/10 — she made
one error in response to the first part of the prompt, and 11 in response to the second
part)). After two more training blocks, she was eventually tested one last time on the
same two blocks, and she scored 5/10 and 8/10 (making four errors in response to the
first part of the prompt, and four in response to the second part). The percentage of
correct responses for Feb 2 (Alien 4) was 10% and increased to 60%, while for Hib 1

(Alien 2 — see Figure 2.14 below) it was 90% and decreased to 70%.
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Figure 2.14 The retest data for Sasha. The percentage of correct responses for all six aliens
used in transfer of function testing, two of the same lower level category (LLC), and four of
the same higher level category (HLC) as the aliens used in function training. The additional

transfer of function criterion was 80% (8 out of 10) correct for each alien.

Alun initially appeared to be very confused about what was expected of him.
He was therefore given this instruction: “It can go like this or like this (Experimenter
1 demonstrates both gestures: hands in front, and hand on shoulder). Just pick either
of the two”. Although he did respond in the trials that followed, he was very hesitant
in his responses. In addition to that, the test session was unavoidably long, and he got
tired as the session progressed. Whereas his performance was good for Pair 1 (9/10
for Block 1, and 10/10 for Block 2), it deteriorated from then on; he had low scores
for Pair 2 (7/10 and 1/10) and Pair 3 (4/10 and 6/10). When the percentage of correct
responses per alien are considered, he showed transfer of function for both aliens of
Pair 1, but for none of the others.

It was suspected that Alun might be able to perform better if retested with
Pair 2 and 3. Attempts were made to provide a better situation in the retest than in the
initial test. For example, the review trials before testing (in which tacting at the lower

level was checked in a few trials, along with the word game, the listener behaviour at
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the higher level, and the trained functional responses) were done in a separate
session. Also, the retest was done over two short sessions (on the same day), one
session for Pair 2, and one for Pair 3.

At the start of both of the short retest sessions an attempt was made to
encourage Alun to respond without worrying about getting it right or not. However,
this had to be done without reinforcing any transfer of function behaviour directly.
Therefore, he was first given two trials for each of two aliens not used in function
training (Hib 1 and Feb 2), without reinforcement. He responded correctly on all
trials. Then he was given two trials for each of the two aliens that were involved in
function training (Hib 2 and Lup 1). When he responded correctly on all trials for
these aliens, Experimenter 1 said: “that was very good!”

After these trials, the retest trials started. For Pair 2, he now scored 4/10
(Block 1) and 6/10 (Block 2). For the individual aliens, he showed transfer of
function to Tor 2, but not for Lup 2. For Pair 3, he scored 4/10 (Block 1) and 5/10
(Block 2). He showed transfer of function to neither of the two aliens. So in all, he
showed transfer of function to one more animal in the retest, bringing the total to
three aliens, one of the same lower level category as the aliens involved in training,

and two of the same higher level category as the aliens in training.

Discussion

The aim of Study lc was to investigate name-based transfer of function.

Would responses (gestures, comparable to greetings) taught to one member of one

higher-level category (one zaag) and one member of the other higher-level category
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(one noom) transfer to the aliens that were not involved in training? And if so, would
there be transfer just at the lower name level, or also at the higher name level?

The data show full transfer of function at both levels for only 1 of the 3
participants, Jon. Alun reached criterion for one pair of aliens, while Sasha reached
criterion for none of the pairs. Their percentage correct for the individual aliens did
suggest that both Alun and Sasha showed transfer of function for two aliens, one of
the same lower-level category and one of the same higher-level category as one of
the aliens involved in training. But Sasha achieved this by almost always producing
one gesture in all trials over two trial blocks, which gives her transfer of function a
questionable status. Her vocalisation (see Table 2.11) indicates that during the initial
test she was making use of the word game. The trial in which she said “tor-zaag” out
loud was one of four trials on which she responded correctly.

Alun’s data are interesting because he showed transfer of function at both
levels, but he did not show consistent transfer of function to either of the two levels.
It could be the case that his transfer at the higher-name level was brought about
through transfer of function at the lower name level, in combination with “selection
by exclusion”. That is, because he was trained to produce the functional responses to
Feb 2 and Hib 1, when presented with Lup 1 and Hib 2 he could infer the correct
gesture for Hib 2, and then on the basis of that he could infer that the other alien in
this pair (Lup 1) would require the production of the other gesture. But why does his
behaviour not transfer to Feb 2, the other alien in the same lower-level category as
the aliens involved in training? Test sessions were relatively long (due to review
trials and the large number of test trials needed), and perhaps this influenced the
children’s performance as well. Alun showed his best performance in the first two

trial blocks. On a different note, in one training trial and two test trials he placed his
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hands next to an alien while making one of the two gestures, and he commented that
they (the shape of the hands and the shape of the alien) look the same. This indicates
that at least in some trials he may have based his responses on shape rather than
name. That said, his responses are not consistent, because he first made the hands in
front gesture next to Lup 2, and later next to Tor 2. Jon’s response to the why-
question after testing shows that he did base his behaviour on (at least the lower
level) names.

In general, transfer of function as shown by Jon and Alun is in line with
Horne and Lowe’s (1996, p. 213) description of how functional responding may
transfer by means of names (see the example given in the introduction for Study lc,
earlier in this chapter). The children in these studies have learned names at different
levels for particular objects, and now they show (full or partial) transfer of functions
at different name levels. But did the children actually learn “names” at both levels?
They did indeed learn to name at the lower level: they reached criterion in tact
training and they passed the listener behaviour test. However, at the higher name
level, they showed appropriate listener behaviour, after echoic and intraverbal
training in the word game (Study 1b), but it is unclear whether the children had
learned speaker behaviour at the higher name level, because they had not received
any direct training for this speaker behaviour, and they had not been tested for it
either. So some children may have been able to tact the aliens at the higher name
level, while others may not have been able to do this, and it is possible that this
influenced their performance in the transfer of function test.

After additional sessions with the more elaborate verbal prompt, when
required to name the stimuli at both levels before producing the gesture, Sasha

reached criterion for the first two pairs, but not for the last pair. Her percentage of
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correct responses for the individual aliens show that there was now transfer of
function for five out of the six aliens, two of the same lower level category and three
of the same higher level category as one of the aliens involved in training. This is a
substantial improvement compared to the earlier test, due to the experimenter
prompting the child to use the names at the lower as well as the higher level in both

training and testing.
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Study 1d — Names and transfer of a second behaviour

To extend transfer of function data and to see whether transfer of behaviour
would be consistent within the same child — that is, whether a child showed a
regular behaviour pattern in testing — a study similar to the previous one was
conducted. The only difference between Study lc and 1d was that the trained novel
response was not a gesture (comparable to a greeting), but an alien animal cry. Two
cries were chosen: “Boo!” and “Raagh!” These cries were trained to two animals,
one to a zaag and one to a noom. After training the child was once again tested for
transfer of function to the other stimuli in the respective higher-level categories (see

animal — produce cry).

Method

Participants
Of the participants in Study 1c only 1 male participant (Jon) was available to
take part in Study 1d. He was 4 years and 2 months old at the start of the study, and 4

years and 3 months old at testing.

Procedure

Apart from the functional responses, the procedure was exactly the same as in
Study 1c. Therefore a brief summary will suffice here.

Arbitrary stimulus tact training and intraverbal training. Because some time
had passed since the completion of Study lc, before starting Study 1d the tact

relations of Study 1a and the intraverbals of Study 1b were retrained to criterion.
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Novel function training. Again, two of the eight alien animal stimuli, one zaag
and one noom, were selected for this second round of novel function training. These
two stimuli belonged to different lower-level categories than the ones used for
function training with this participant in Study lc (a tor and a lup were used for
training in Study lc, whereas a hib and a feb were employed in Study 1d). The two
novel responses to be trained were animal cries. The child was told that one animal
said “Boo!” and the other said “Raagh!” Each response was randomly assigned to
one animal. The relations between the specific animals, their names at both levels,
and the trained functional responses are shown in Table 2.12. In the first trial for
each alien, the experimenter pointed at the target stimulus and introduced it by
saying, “Look, this one says (experimenter produces the relevant cry). Can you say
that?” In subsequent trials with the same alien, the experimenter pointed at the
targeted stimulus and said: “What does this one say?” Following a correct response
the experimenter delivered social praise®. Targeting and order of stimuli were the
same as in Study lc, as was the learning criterion. Maintenance training during the
function-training period was conducted not only with regard to tacting of the aliens
and the word game, but also for the functions trained in Study lc. The trained and

tested relations in Study 1d are shown in Figure 1.5 (in Chapter 1).

* And occasionally, in addition, a music book was presented on which the child could press a button.
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Table 2.12 The novel behaviours, the cries “Boo!” and “Raagh!” were allocated to
one zaag and one noom.

Participant Cry
Boo! Raagh!
J
on Hib 1/ zaag

Feb 2 / noom

Reduction in reinforcement rate. As before, in the last training stage,
reinforcement was reduced to 0%. The experimenter used the penguin hand puppet
(Peter Penguin), and as in previous test phases, asked the child to teach Peter the
game.

Category transfer-of-function test. The child was tested for transfer of these
vocal responses to the aliens that were not involved in training (see animal — produce
cry). As in Study lc, review trials preceded testing (tact trials with Set 1 and 2, word
game trials, and function training). Then Experimenter 2 tested the child for transfer
of the vocal responses to the aliens not used in training, by pointing at one of the two
animals on the table (always one zaag and one noom), and asking the child: “What
does this one say?” Presentation and targeting of the stimuli, as well as the number of
trials, and the criterion for behaviour transfer was exactly the same as for Study 1c.
No reinforcement was given during the test.

Interobserver reliability. All trials in a randomly selected 25% of all training
sessions were scored by an independent observer; interobserver agreement on these
trials was 100%. Similarly, all test trials were scored; interobserver agreement on
these trials was 100%. The independent observer reported no discrepancies between

the scheduled and implemented procedures.
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Results

Function training and reinforcement reduction. Jon reached criterion for
novel behaviour training in 40 trials (which was the minimum), 24 trials for the
training with reinforcement, and 16 for training without reinforcement.

Transfer of function test. Table 2.13 shows the alien pairs used in training and
testing, and the scores per pair. The transfer of function criterion was 80% (8 out of
10) correct for each of the two trial blocks per alien pair. Jon only reached this
criterion for Pair 2. The additional criterion was 80% (8 out of 10) correct responses
per block, over two consecutive blocks, for each alien. Figure 2.15 (top graph) shows
the percentage of correct responses to each of the six aliens not involved in training.
As in Study lc, two functions had been trained, one to a zaag (for Jon this was Hib
1), one to a noom (for Jon Feb 2). Figure 2.15 shows whether any untrained transfer
of function was found within the lower-level categories (in this case, transfer to the
category members Hib 2 and Feb 1), or within the higher-level categories (that is, to

the other zaags and nooms, in this case the tors and the lups).
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Table 2.13 The alien pairs used for Jon, in training, and in testing and retesting, and the
scores for the three alien pairs (P1, P2, P3) in the test, and the retest. The transfer of function
criterion was 80% (8 out of 10) correct for each of the two 10-trial blocks per alien pair. The
top score for each pair shows the result for the first test trial block, the second score gives the
result for the second trial block.

Cry Training Test stimuli Scores per
stimuli pair
Pair 1 Pair 2 Pair 3 (out of 10)

Test Retest’

Boo “s e-‘ % 3 P1: 10 P1: 7

0 3
Hib 1/zaag  Tor l/zaag  Tor 2/zaag Hib 2/zaag P2 9 P2 8
9 10
g A G > al
P3: 5 P3:10
2 10

Feb 2/noom Lup 2/noom Feb 1/noom  Lup 1/noom

> In the retest, the pairs were presented in a different order: P3, P1, P2. For comparability, the retest
scores are given in the same order as the scores for the initial test.
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Figure 2.15 The percentage of correct responses for all six aliens used in transfer of function
testing, two of the same lower level category (LLC), and four of the same higher level
category (HLC) as the aliens used in function training. The additional transfer of function

criterion was 80% (8 out of 10) correct per alien.

Jon's performance did not reach the additional criterion for all animals.
Transfer of function to two aliens was found; to an alien belonging to the same
lower-level category as one of the aliens used in training, and to an alien belonging
to the same higher-level category as one of the aliens involved in function training.

So the almost perfect transfer of function in Study 1c, was not repeated in Study 1d.
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Because of the difference in results between the two studies, Jon was given 48 extra
training trials (in which he never scored below criterion, which was 7/8 per block).
Then he was retested, and the results can be found in the bottom graph of Figure
2,15,

This time he did better, although not as well as in Study lc. He showed
transfer of function to two more animals. All in all, the trained functional responses
had now transferred to both aliens in the same lower-level category as the aliens used
in training, and to two out of the four aliens that belong to the same higher-level
category.

Jon’s vocalisations during testing are listed in Table 2.14. As before, one or
more trials were repeated in a post-test interview. Following a response the
experimenter asked the child, “Why does it say that?” This time Jon wasn’t sure, and
instead of referring to the lower-level name (e.g., “cause it’s a feb”), he produced
other responses: “Cause it’s a boo-animal”, “Because it likes that”, “Because he lost
his boo-voice” (for an animal that says Raagh!), and “Because he lost his raagh-

voice” (for an animal that says Boo!).
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Table 2.14 Jon’s vocalisations during testing for transfer of function (Test 1d).

Participant

Stimuli

Experimenter’s prompt

Child’s vocalisations

Jon

Tor 1 +Lup2 What does this one say?

It does this (hand on shoulder-
gesture), but it says Boo!

Tor1+Lup2 lup-noom-lup-noom

Feb 1 + Tor2 It’s a feb and it says Raagh!

Hib2 +Lup 1 It’s a hib but it says ... I don’t
remember. Think it says Boo!

Hib2+Lup1 It’s a hib and it says Raagh!

Hib2+Lup1 (with hesitation:) Boo! (E2: Are
you sure?) Yes, he really says
Boo!

Retest:

Lup1+Hib2 Raagh, because I know the hib
says Boo!

Tor1+Lup2 Boo! A tor with a lup? A feb with
a hib.

Feb 1 + Tor 2 I forgot. (El: think about it.)
Raagh!

Feb 1 + Tor 2 Boo! Because that one (Feb 1)
says Raagh!

The underlined stimuli are the targeted stimuli.

Discussion

As in Study lc, the aim of this study was to see whether functional responses
(animal cries) taught to one zaag and one noom, would transfer to other aliens,
within the lower level category and also within the higher level category.

The data show partial transfer of function at both levels, in the initial test as
well as the retest. Jon reached criterion only for Pair 2, in the initial test, and for Pair
2 and 3 in the retest. The percentage correct for the individual aliens showed transfer
of function for two aliens initially, one of the same lower level category and one of
the same higher level category as one of the aliens involved in training. In the retest,

Jon showed transfer of function to two more aliens, again one of the same lower
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level category and one of the same higher level category as one of the aliens involved
in training. So initially Jon showed transfer of function at both levels, but like Alun
in Study 1c he did not show consistent transfer of function to either of the two levels.

However, in the retest, Jon did show consistent transfer at the lower level.
The two aliens he did not show transfer to were members of the same higher-level
category as the aliens involved in training. However, these two aliens were presented
together. So the two cases of transfer at the higher level could have been brought
about through transfer of function at the lower name level, in combination with
“selection by exclusion” (as explained with regard to Alun’s results in Study 1c). But
it should also be noted that in Study 1c Jon showed transfer of function to two aliens
belonging to the same higher-level categories as the ones involved in training. If he
did not need to rely on selection by exclusion there, then he may not have needed to
do so in the present study either. His vocalisations during the retest, however,
suggest that he may have responded by exclusion.

In general, Jon’s (partial) transfer is in line with Horne and Lowe (1996 — see
the previous section). His vocalisations indicate that his behaviour is again based on

names.
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Study 1e — Names, transfer of behaviour, verbal prompts and stimulus control

Study le was a test only, focussing on the effects of different verbal prompts
on the child’s transfer of functional responses. It investigated the effects of more
general prompts than those used in Study lc (“How does this one go?”) and 1d
(“What does this one say?”). So for example, “What does this one do?” or “What can
this one do?” Would the more general verbal prompts have stimulus control over
both types of functional responses (the gestures and cries taught in the previous
studies) in the absence of direct training? In other words, would the new prompt
evoke both types of responses without direct training?

In addition to this, the test aimed to extend the transfer of function data even
further. In Study 1c and 1d the child was trained in two different contexts to respond
with a total of four separate functional responses to four alien animal stimuli, each
belonging to different lower-level categories. Would these responses (see animal —
produce gesture/cry) transfer to the other stimuli in the lower-level categories, as

well as to the other stimuli in the higher-level categories?

Method

Participants
One male participant (Jon) was available to take part in Study le. He was 4

years and 9 months old at testing.

Procedure

The procedure was as in the preceding studies, unless stated otherwise below.
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Arbitrary stimulus tact training and intraverbal training. Where necessary,
the tact relations of Study la, the intraverbals of Study 1b, and the functional
behaviour trained in Studies 1c and 1d were retrained to criterion.

Category transfer-of-function test. The child was tested for transfer of all four
previously learned functional responses to all eight aliens (see animal — produce
gesture and cry). As before, review trials preceded testing (8 alien animal tact trials,
16 word game trials, 4 trials per link, and 4 trials for each of the 4 functional
responses). Then Experimenter 2 tested the child for transfer of previously learned
functions to all aliens, by pointing at one of the two animals on the table (always one
zaag and one noom), only providing a different verbal prompt than before: “What
can this one do?”® Apart from the verbal prompt, the test only differed from the
previous tests in the total number of trials. In Study 1c and 1d the participants were
tested for transfer of function to the six stimuli not involved in training, whereas this
time all eight stimuli were presented. As before they were presented in pairs of one
zaag and one noom. . Each alien animal stimulus was targeted 10 times, making a
total of 80 trials. Targeting of the stimuli, and the criterion for behaviour transfer
were exactly the same as for Study 1c and d. No reinforcement was given during the
test.

Interobserver reliability. An independent observer scored all test trials;
interobserver agreement on these trials was 100%. The independent observer

reported no discrepancies between the scheduled and implemented procedures.

. Initially a different verbal prompt was used: “What does this one do?” However, the test session
using this prompt had to be ended after only one test sheet, because the participant was not at all sure
what was expected of him. The prompt was then changed and the trials on that test sheet repeated.
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Results

Transfer of function test. Study le was a further test for transfer of function
that also focussed on the verbal prompt and stimulus control. In Study 1c the child
was prompted to produce gestures (hand on shoulder, and hands in front, see Figure
2.12) with the question “How does this one go?” In Study 1d the prompt for the
production of animal cries (“Boo!” and “Raagh!”’) was the question “What does this
one say?” Table 2.15 shows the animals these behaviours were trained to in the two
studies, for Jon. In Study 1e the verbal prompt was more general than in the previous
two tests: “What does this one do?” Table 2.16 lists the order of presentation of the

alien pairs.
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