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Abstract: Empirically Testing the Use of Computerised Equivalence-based 

Instruction for Teaching Categorisation to Young Children. 

 

Ronda Barron MSc 

 

Three empirical studies investigated equivalence based instruction (EBI) as a 

method of teaching categorisation to young children (3-6 years). In empirical Chapters 

2-4 six conditional discriminations were training using a touch screen matching-to-

sample (MTS) programme and tested for emergence of three derived (untrained) three-

member classes. Chapter 2, Experiment 1 successfully tested EBI, modified MTS 

procedure with neurotypical children and findings were replicated in Experiment 2 

with children with Autistic Spectrum Disorder. Chapter 3 compared the efficacy of the 

EBI, modified MTS procedure with a traditional teaching aspect. In terms of direct 

teaching time no significant differences were demonstrated indicating that the EBI 

procedure may have application in mainstream educational settings. Chapter 4 

investigated if EBI is effective to teach generic skills (Irish Primary Curriculum), and 

examined group contingencies across three experiment which took place within two 

mainstream educational settings with slightly older populations (5-7 years). Using an 

electronic student response system, individual and group data were recorded per trial. 

Significant differences were found between pre and post intervention category 

knowledge. The findings overall provide support for EBI to teach simple and complex 

category membership using group contingencies in traditional education settings. 

Additions to the literatures include the first known comparison of equivalence based 

instruction (EBI) with another established method for teaching categorisation (Chapter 

3). Chapter 4 provided the first known study to combine EBI with existing 

technologies to examine group contingencies. 
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Introduction 

 

How humans classify and organise information is essential to our everyday 

interactions. Knowing that eating a certain small round berry, which perhaps was red, 

would cause death, but that  a larger oval shaped berry also red was safe to consume 

would likely result in placing those berries into two categories; food which is safe and 

food which is dangerous. Human ability to apply this prior knowledge to new 

situations is made possible by our ability to categorise the objects and experiences 

from the world in which we live. Miller and Dollard (1941) recognised how 

categorising diverse experiences such as the example given contribute to adaptation 

and survival of the human race. The processes which underlie human ability to 

categorise or classify information have been the topic of study since the days of Plato. 

Earlier literature of philosophical conjecture, laid the groundwork which later led to 

experimental psychological work on concepts (Fisher, 1916; Hull, 1920; Hull, 1939). 

While research on categorisation continued from the behavioural perspective (Kuo, 

1923; Gengerelli, 1927; Smoke, 1932), research investigating concept or 

categorisation formation has not been a major focus of the field (Zentall, Galizio & 

Critchfield, 2002). What research had been conducted had little impact outside on 

fields outside of behaviour analysis, within the cognitive literature little to no 

acknowledgment is given to published research from the perspective of behavioural 

psychology with exception to Hull’s, 1920 paper (Medin & Rips, 2005; Murphy, 

2002). And, it is a held belief that behavioural perspectives on categorisation faded in 

the middle of the last century (Medin & Rips). 

 Behaviour analysis is the scientific study of the relationship between the 

environment and the behaviour of a species (human and non-human). Skinner (1969b) 

outlined two main categories of variables that influence behaviour; phylogenetic and 

ontogenetic variables. Phylogenetic variables can be seen as genetic traits passed down 

via reproduction and are thus inherited. In conjunction with an individual’s 

environment these inherited traits contribute to both respondent and operant behaviour. 

Respondent behaviour is a behavioural process which occurs as a response to some 

stimuli. Respondent type behaviours are essential to an organism’s survival, often 

functioning as protection against harmful stimuli. Involuntary action which is not 

learned (inherent) is characteristic of respondent behaviours such as a pupil flickering 
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when exposed to direct sunlight. If this behaviour did not occur long-term exposure to 

direct light could lead to blindness (Cooper, Heron & Heward, 2007; Skinner).  

 Operant behaviour refers to behaviour that ‘operates’ on the environment, 

behaviour which produces an effect on the environment. Unlike respondent behaviours 

operant behaviours are not involuntary but are controllable by the individual. 

Ontogeny therefore, refers to the selection of behaviours as a result of their 

consequences. Skinner viewed such operant behaviour as “an evolved process” his 

standpoint one which views operant behaviour selected through the phylogenetic 

process of natural selection. Because, such selection provided a way by which 

individuals could acquire behaviour which was adaptive to environmental changes 

over their lifetime (Skinner, 1981, p. 502).  The key difference with ontogenetic 

variables is that the observable changes occur within the lifetime of the individual. 

Skinner emphasised how these changes can be momentaneous versus occurring over 

long periods of time or across multiple generations as seen within natural selection 

Therefore, a central assumption of the science is that observable behaviour is a 

function of the interaction between the organism and environmental variables 

(Skinner, 1969b; 1981). The science of behaviour analysis is one that focuses upon 

behaviour defined in observable and measurable terms (Baer, Wolf & Risley, 1968). 

The identification of rules or laws that govern such relationships in a predictable 

manner is therefore the goal of the science (Cooper et al., 2007).   

 Within the behaviour analytic research community the most commonly used 

type of research design favoured is that of single case/subject research designs (SCRD) 

(Kazdin, 2010). The name SCRD may suggest that these groups of research methods 

are limited to, or focus upon, one individual at a time, however, this is a more common 

misconception and these designs have application with pairs or small groups of 

participants. Within SCRD the independent variable (IV); the intervention, treatment, 

instruction and so forth, should be clearly operationally defined to provide clear 

understanding of what is being measured on the dependent variable (DV); the 

behaviour change of interest for example, hitting or attention in class. One concern 

with these designs is external validity, how can one tell if the IV while successful with 

one DV or individual, will it be successful with another? Within single case and small 

group research, the essence of external validity is found in replication (Kazdin). 

Indeed, with applied education or research settings the question of generality is not 

always the primary concern, often success is measured on an individual basis. SCRD 
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offer a host of benefits, the very nature of these designs allows the gathering data in 

situations that would otherwise be considered difficult, if not impossible to conduct a 

study involving treatment and control groups. Applied researchers are most often 

concerned with individual differences.  Therefore group comparison designs, often 

used outside of Applied Behaviour Analysis research, do not provide the needed 

information, as these group designs often hide individual differences (Kazdin; 

Kennedy, 2005).   

 Zentall et al. (2002) discussed how the traditional cognitive views of 

categorisation or classification whereby category members are said to be units of 

mental representation or knowledge do not allow for the idea of behaviour-

environment relations. The process of providing an account of categorisation in 

observable and measurable terms becomes increasingly difficult when hypothetical 

constructs such as the term conceptualisation are used to describe a process. From a 

behavioural perceptive it is possible to examine the circumstances under which these 

behaviours are said to be present; what individuals say and what they are specifically 

doing when they are said to be behaving in this manner (Zentall).   Keller and 

Schoenfeld (1950) attempted to account for the lack of behaviour-environment 

relations in the existing theoretical perspectives by offering a behaviour analytic 

description of what makes up a concept. They described a concept as being a group of 

objects which induce a response, for example presenting a stool induces the behaviour 

of sitting. When an individual responds in the same way to a group of objects, these 

objects then make up a class which can then be called a concept (Keller and 

Schoenfeld; Zentall). 

 The behavioural analytic perspective would therefore see a category as being 

a stimulus class that the members of which, under a specific context, occasion common 

responses. These classes include stimuli that may have an explicit learning history, 

whereby encountering novel stimuli may through that past learning history, transfer to 

a stimulus class. Keller and Schoenfeld (1950) furthermore described the 

categorisation process as being one of generalisation within classes of stimuli (e.g., 

people have legs) and discrimination between classes (e.g., not everything that has legs 

are people -. Furniture). Zentall emphasized that any plausible account of 

categorisation must also explain how categories add and lose members, and how they 

may merge and fracture. In addition, an explanation of how categories share members 

that may belong to different categories under different circumstances and how the 
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spontaneous transfer of function from one member to another occurs must be provided 

(Zentall et al., 2002, p. 238). 

Zentall, Wasserman and Urcuioli (2014) outlined two main types of classes; 

perceptual and associative classes. Perceptual classes share common physical 

characteristics.  In contrast, an associative class may comprise an object and its various 

symbolic representations. For example, an earth worm, across just a few symbolics, a 

picture of a worm, a worm itself, the printed word WORM, the spoken word “worm”,  

none of these representations share common physical characteristics. The critical 

aspect of an association class lies in that, members within limits of the given class can 

in fact be interchangeable and substituted with one another. The construction of an 

associative class often means that there is little to no visual similarity between 

members of the class. In the same instance that a spider and a worm do not share any 

physical similarities, a worm and the printed word WORM do not share similarities. 

Natural categories often comprise fuzzy boundaries and more often contain stimuli 

which are both perceptual and associative (Zentall et al., 2002; 2014).  

When discussing category structure, Zentall et al. emphasised three broad 

ranges of relations which appear to unite members within a category. The first concept 

they defined is that of stimuli which are grouped primarily upon their shared physical 

similarities, known as perceptual concepts. The second, relational concepts, are stimuli 

grouped based upon relations between features, differing to those stimuli in perceptual 

concepts. Finally, associative concepts comprise of a stimuli group on the premise of 

shared function. A key emphasis is that what one is taught about one member of a class 

is immediately and successfully transferred to other members of the class without 

further training (Zentall et al., 2002). In their 2014 paper, Zentall et al. (2014) called 

attention to the associative process by illustrating how “when children are taught that 

socks, hats and pants, etc. are all clothing” and later learn that apparel is a synonym 

for clothing they automatically without any further or explicit training call socks, belts 

and other members of a clothing category by apparel” (p. 133). Hull (1939) proposed 

that secondary stimulus generalisation may be a means of accounting for the 

development of such associate classes. 

 The theories discussed thus far indicate that much of the research regarding 

categorisation has been done so in an attempt to establish control over category 

knowledge or that research has focused on the specific type of knowledge which is 

required to produce categories. Zentall et al. (2002) however, emphasised that the 
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focus should be on identifying functional relationships between behaviour and the 

environment that in turn provide the basis for conceptual behaviour to occur. 

Moreover, the complexities facing an analytic challenge become much more evident 

as category membership inclusion becomes more complex. A behaviour analytic 

account of categorisation, like many other research traditions (including cognitive 

psychology), has included attempts to create artificial categories through an 

experimenter-selected protocol rather than using every day real world or natural 

stimuli (Zentall). Barsalou (1992) stressed how often within these protocols 

participants are required to respond to examples and non-examples of category 

members with the goal being ‘‘to establish high degrees of control over category 

knowledge’’ (p. 31). The types of learning paradigms nonetheless are reminiscent of 

discrimination learning (Zentall). 

 

Stimulus Equivalence 

 

According to McIlvane (2013), discrimination in the broad sense relates to the 

ability of organism to differ behaviour when stimulus conditions change. The 

fundamental analytic unit within behaviour analysis specifies a relationship involving 

(A) antecedent stimuli that occasion behaviours, (B) the behaviours of the organism 

and (C) the consequential stimuli that follow behaviour influencing the probability of 

the behaviour occurring in the future. Within applied behaviour analysis, this unit is 

often referred to as ABC (antecedent-behaviour-consequence; three term contingency) 

analysis (McIlvane). Discrimination learning therefore is concerned with the ability of 

an organism to behave adaptively as a function of experience. In this three-term 

contingency the likely hood of the behaviour occurring in the future is as a result of 

either punishing (decreases the future probability of the behaviour occurring) or 

reinforcing (increases the future probability of the behaviour occurring) consequences. 

McIlvane illustrated that “If the organism reliably exhibits one pattern of behaviour in 

relation to Stimulus A and a different pattern in relation to Stimulus B, then one says 

that discrimination of A versus B has been established” (p. 132). Within the behaviour 

analytic field, category or concept learning in non-humans has been investigated, first 

to establish categorisation abilities within specific species, and second to find out if 

interspecies similarities and differences exist. An additional community of researchers 

has focused primarily in research with humans; with which this thesis is concerned.  
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Much like the first documented discussion of categorisation the principal 

concept of stimulus equivalence dates back to Aristotelian times (Whitaker, 1996). 

However, outside of mathematical disciplines the theory was one unknown across 

psychological perspectives Bruner et al. (1956) are the exception. In 1982, Sidman and 

Tailby described a series of tests to determine if through teaching a few relations 

directly to one another would this process result in derived or untrained relations to 

emerge, they termed this process stimulus equivalence. Stimulus equivalence involves 

the establishment of at least two conditional discriminations. A conditional 

discrimination procedure as previously discussed involves four-term contingencies 

usually by presenting or arranging stimuli in a manner in which differencing, three-

term contingencies (ABC contingencies) operate.  

Training arrangements typically involve the simultaneous presentation of a 

discriminative stimulus (SD) which evokes behaviour because, in the past, that 

behaviour has been reinforced in its presence and or stimulus delta (SΔ) which has the 

function of weakening a behaviour (making it less likely to occur in the future) because 

in the past that behaviour has been extinguished in its presence. Depending on the 

presence or absence of another antecedent stimulus, a stimulus is found to change 

function, thus acting as either an SD or SΔ, this is termed a conditional stimulus (the 

4th term in the contingencies). It is termed so because it establishes the conditions 

under which a discriminative stimulus functions as either an SD or SΔ. This process is 

often seen as reflective of the real world whereby situations often involve complex 

conditional discriminations (see Figure 1.1 for an example demonstrating SD or SΔ).  

The most commonly used paradigm in conditional discrimination learning is 

that of match-to-sample (MTS) training and testing. Within this type of training 

arrangement, the conditional stimulus is called a sample stimulus (e.g. cat) the other 

stimuli are called comparison stimuli, or comparisons (e.g. apple, dog and ball). Within 

a computerised MTS task the sample stimulus is typically presented at the top centre 

of a screen. Depending upon methodology, the sample disappears either following 

selection or after a short time period and an array of comparisons then appear across 

the bottom of the screen (e.g. left, centre and right). During training, feedback is given 

upon selection of a comparison as to whether the selection was correct or incorrect and 

no feedback is given during testing phases (Sidman). 
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Figure 1.1. Simple representation of correct and incorrect answers related to the 

discriminative stimulus and stimulus delta. 

 

Sidman and Tailby (1982) outlined certain features of equivalence responding 

which combined the mathematical properties of reflexivity, symmetry and transitivity. 

In order for a stimulus equivalence class to be said to have emerged, all three properties 

must be demonstrated. Reflexivity is evaluated by tests for generalised identity: 

matching a single stimulus to itself (cat to cat, A to A, etc.) however this should occur 

without explicit training. Symmetry is tested for by means of reversibility which 

follows training to establish the selection of a comparison A (dog) upon sample B (cat) 

or A-B matching. Symmetry is evaluated by testing for the reversal B-A matching, in 

the presence of sample B (cat) the comparison stimulus A (dog) is selected from an 

array of comparisons. A test for the emergence of derived relations typically involves 

a combined test for transitivity. Tests for transitivity are often combined and require a 

minimum of three stimuli. If an individual learns to match B (dog) in the presence of 

A (cat), and also to match C (fish) in the presence of B (dog), then transitivity occurs 

when an untrained relation A-C matching (cat-fish) and the reversal (symmetry) of the 

untrained C-A relation (fish-cat) is demonstrated. If demonstrated along with the 

properties of reflexivity and symmetry, it can then be said that an equivalence class 

has been formed. The emergence of equivalence relations has provided a way for 
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researchers to experimentally examine what Sidman (2009) called an elusive kind of 

stimulus generalisation. One explanation of this generalisation effect provided is that 

of transfer of function. Any stimulus function applied to one member of an equivalence 

class will transfer to the others in the absence of direct training (Dymond & Rehfeldt, 

2001). 

Sidman (1994) clarified that his theory was not one that originally attempted 

to account for the processes that underlie the equivalence class formation, but was first 

and foremost a descriptive functional, behavioural explanation of the phenomenon 

observed "My own theorizing has been directed not so much at an explanation of 

equivalence relations but rather, at the formulation of a descriptive system -- a 

consistent, coherent, and parsimonious way of defining and talking about the observed 

phenomena" (p.536). Sidman’s seminal paper (1971) was an applied study, which 

examined reading skills in institutionalised adolescent male with severe mental 

retardation. The participant had never shown evidence of reading comprehension prior 

to training, but had demonstrated the ability to match pictures to corresponding spoken 

words. During training the participant was directly taught to match five printed words 

to the spoken word using the conditional discrimination procedure previously outlined. 

With no further training the participant could then match printed words to pictures and 

pictures to spoken words demonstrating the development of a stimulus class. These 

results could not be explained in terms of visual-visual generalisation due to physical 

resemblances as printed words and pictures do not share many similar properties. 

Sidman later suggested that the words had become symbols for the pictures (Sidman, 

Wilson-Morris & Kirk, 1986). 

Since Sidman’s seminal paper (1971) stimulus equivalence has surprisingly 

received little attention in applied settings using stimuli which are naturally 

encountered in the real world (Zentall et al., 2002). Basic research under laboratory 

conditions which allow for stringent experimental control has been favoured in an 

attempt to establish which conditions and variables are responsible for this 

phenomenon. Barnes-Holmes, Hayes, and Roche (2001) published a paper “The (not 

so) strange death of stimulus equivalence” the authors highlighted a lack of transfer 

from basic to applied research, a sentiment which has been shared by proponents in 

the field Sidman (2009) and Rehfeldt (2011). As a result of such calls for more 

naturalist research in more recent years researchers in the applied context have begun 

to examine the application of equivalence procedures. This methodology for teaching 
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functional skills within educational settings is known as Equivalence Based Instruction 

(EBI) which will be explored in more detail later in the current Chapter and Chapters 

2-4. This is not to state that research in the area of equivalence has been lacking, in 

contrast this is an area which has produced over forty years of empirical research.  

 Barnes (1994) illustrated that one of the main reasons for the research attention 

given to equivalence centres on the fact it is not accounted for by the concept of 

conditional discrimination. Conditional discrimination procedures do not predict the 

emergence of this untaught performance when traditionally defined. If taught to choose 

B in the presence of A and C in the presence of B, when later tested without 

reinforcement, selecting A in the presence of C and C in the presence of A is often 

shown. For the A and C stimuli, there is an absence of differential reinforcement as a 

conditional discriminative stimulus regarding each other, therefore neither should 

control selection of the other (Barnes). A further motivation for research interest in 

stimulus equivalence comes from the suggestion it is closely related to complex human 

behaviour, specifically verbal behaviour. Although research in stimulus equivalence 

and verbal behaviour grew as separate areas, similarities between the two quickly 

became evident (Hayes, 1989). This separation within the behavioural field echoes the 

spilt in research directions that is found in traditional psychological research. Research 

work across these two areas have enabled those in the behavioural field to counter the 

arguments of Chomsky (1959) and other linguists, who have claimed that behavioural 

theories cannot account for the acquisition and use of language, particularly behaviours 

which occur for the first time without direct training (Hall & Chase, 1991). The body 

of equivalence literature has provided positive evidence towards a theory of language 

and cognition and in addition has raised many questions and criticisms. 

 Research in stimulus class formation has been documented across a variety of 

verbally-able human populations, but equivalence as defined by Sidman has not 

unequivocally been demonstrated by non-verbal humans and non-human populations 

(Barnes, McCullagh & Keenan, 1990; Devany, Hayes & Nelson, 1986; Dugdale & 

Lowe, 1990; Hayes, 1989; Hughes & Barnes-Holmes, 2014; Sidman et al., 1982; 

Zentall et al., 2002; Zentall et al., 2014). Researchers within the field of stimulus 

equivalence have therefore taken upon themselves to investigate these types of 

formations, in an attempt to establish if equivalence class formation can indeed be 

found in non-verbal human and non-human populations. Many similarities can be 

found in research conducted with non-humans with responding performances seen in 
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human populations across the literature. Zentall and Smeets (1996) discussed how 

much research in basic learning processes has studied stimulus classes, which often 

contain stimuli which are similarity based, perceptual classes. Research has shown that 

as similarity decreases, correct responding to test stimuli decreases in a direct 

proportion and this function is known as stimulus generalisation (Spence, 1937; Riley, 

1968). Non similarity-based classes can often be described as arbitrary as they may be 

related by other functions than physical similarities. Zentall and Smeets discussed how 

even across a broad range of stimuli in similarity-based classes minimal change is 

found in response, however, at the boundary of the category where similarity becomes 

more difficult to determine, an abrupt change in response strength is demonstrated.  

 Sidman (1994) suggested that equivalence is foremost a primary behavioural 

process, he advocated that the formation of equivalence classes is a critical element in 

the foundation of language, but that language itself is not a determining factor in this 

process. If true, then the demonstration of equivalence relations in individuals with 

non-existent spoken language repertoires or non-naming individuals should be entirely 

possible (O’Donnell & Saunders, 2003). Many studies have demonstrated equivalence 

in human participants, but have a commonality, all participants’ shared a pre-

experimental history of engaging in some form of human language (Miguel, 

Petursdottir, Carr, & Michael et al., 2008). It has been suggested that documentation 

of the participants’ pre-experimental language skills and characteristics would enhance 

contributions to the stimulus equivalence literature. This baseline will strengthen 

observations of correlations between participants’ current language abilities and 

performance (Miguel). More specifically, Dube and McIlvane (1996) suggested that 

more research in the area of stimulus equivalence with children between the ages of 

18 and 36 months should be conducted to add to the data supporting that equivalence 

classes can be demonstrated prior to the development of language. It is at the age of 

approximately 36 months that children experience a sudden burst of new language. 

Dube and McIlvane suggested that more research with this population would benefit 

knowledge of stimulus equivalence as an underlying behavioural process. 

 Equivalence demonstration by a preverbal human, near the ages suggested by 

Dube and McIlvane (1996), would lend support to the account that equivalence is an 

emergent process resulting from contingencies of reinforcement, rather than language 

development. Similar to research in categorisation in other fields of psychology, this 

relative neglect of minimally verbal/non-verbal populations or infant populations is 
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difficult to explain. de Alcantara Gil, de Oliveira, & McIlvane (2011) offer an 

explanation for the scarceness of research which echoes that given by Murphy, 2002. 

Issues in relation to expenses, logistical support, and, perhaps, methodological 

insufficiency, when verbal instructions are ruled out are highlighted as variables that 

restrict or limit research in these populations. Children who are more verbal (e.g., aged 

24+ months) pose a lesser challenge to behaviour analytic researchers using methods 

such as matching-to-sample (Boelens, Van Den Broek & Klarenbosch, 2011; Pilgrim, 

Jackson & Galizio, 2000; Jordan, Pilgrim & Galizio, 2001; de Alcantara Gil, de 

Oliveira & McIlvane, 2011), but children at this age have already gained substantial 

verbal skills as speaker and listener. Importantly, the problem of developing necessary 

performance baselines in pre-verbal children has been identified (de Alcantara Gil et 

al., 2011). O'Donnell and Saunders (2003) emphasised how typically developing 

children in the critical age range (e.g. before 21 months) are often not accessible, and 

at this age lengthy individual sessions over long drawn out training courses are not 

tolerable. Researchers have nonetheless endeavoured to control for these variables and 

create an appropriate methodology to support research with pre-verbal infants. 

 Findings from research with children as young as 21 months have shown the 

formation of equivalence classes consisting of colours (Pelaez, Gewirtz, Sanchez & 

Mahabir, 2000). In 2011, de Alcantara Gil et al., conducted a study within a day care 

environment with a slightly younger population, three pre-verbal participants (16-21 

months). The study was designed to be representative of a more naturalistic 

environment and took the form of a play session. All stimuli and materials used 

consisted of manipulative tactile objects (toys) two; 10 minute sessions were 

conducted weekly. Initial training comprised simple discrimination and discrimination 

reversal trials whereby S+ and S− toys were presented within two windows. When the 

toy defined as S+ was touched on a trial, the participant could play with that toy. If the 

participants selected the S− toy, the trial ended without a play opportunity. Identity 

matching followed, which comprised the participant being allowed to play with a 

sample toy, the comparison S+ (matching) and S− (non-matching) toys were presented 

within two windows and the consequence for correct and incorrect responses were the 

same as in simple discrimination trials. The results support the position that pre-verbal 

children can master simple and conditional discrimination performances via 

conditional discrimination procedures. de Alcantara Gil et al. suggested pre-verbal 

children may in fact be capable of performing using other procedures modelled after 
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those used with older populations. A further point de Alcantara Gil et al. make is that, 

such methodology may have a greater value than examining stimulus equivalence 

potential in pre-verbal children and may lead to protocols that have real world 

generative value, in terms of application to a variety of populations and settings. 

 

Relational Frame Theory 

  

 Hayes et al. (2001) discussed how language and the words we use can be seen 

as ideas or symbols, their description one which is reminiscent of that given by Murphy 

(2002). Hayes (1989) suggested that, because of an extensive learning history of 

symmetrical responding with conditional discriminations, equivalence class formation 

develops. Hayes furthermore suggested, that the phenomenon referred to as ‘Sidman 

equivalence’ could be classed as relational associations involving language, his stance 

being that such processes involve extensive training with symmetrical responding via 

conditional discrimination procedures, and that equivalence is therefore only one of 

these possible relations. Within Relational Frame Theory (RFT) many types of 

relational responding exist and are termed relational frames (Hayes). Relational frames 

are defined by three properties; the first is mutual entailment which refers to the 

derived bi-directionality of some stimulus relations, the concept of symmetry in 

stimulus equivalence. That is to say if within a specific context a stimulus A is related 

to stimulus B, then a relation between the B and A can be entailed. The second property 

termed combinatorial entailment is comparable to combined transitivity within 

stimulus equivalence. Combinatorial entailment represents instances, whereby two or 

more relations in which the property of mutual entailment has been acquired, join or 

mutually combine (O’Hora, Roche, Barnes-Holmes and Smeets, 2002). If we use the 

example of ‘more-than’ it can be said that, if ‘9’ is more-than ‘5’, and ‘5’ is more than 

‘1’, then a more-than relation is entailed between ‘9’ and ‘1’, and that a less-than 

relation is entailed between ‘1’ and ‘9’. Hayes and Barnes (1997) explained that, a 

transformation of stimulus function occurs as a result of an altered function of an event, 

effecting change in another event within the network and leading to derived relations 

between them to form. Hayes and Barnes clarified that, within RFT, labelling of 

stimulus classes can be described as arbitrarily applicable stimulus relations. Within 

the natural language context words and objects do not share any similarity and 
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therefore can be deemed as arbitrary responding for example, the spoken word ‘worm’ 

and the physical insect ‘worm’ share no similarity. 

 A fundamental process in the theory of relational responding is based upon 

contextual cueing. Previous research has demonstrated how human and non-humans 

alike respond to formal properties between stimuli, hue, brightness and length (e.g., 

colour hues in pigeons; Wright & Cummings, 1971).  Humans can additional respond 

to other relations that are controlled through specific contextual cues. According to 

Hayes and Barnes (1997) mutual and combinatorial entailment are regulated by 

contextual cues (C rel), the transformation of stimulus function is regulated by other 

additional contextual cues (C func). Within RFT relational responding to contextual 

cues is viewed as being established at a young age, often during early language 

acquisition stages of development. During these early stages of development, children 

are often presented with learning situations which involves receiving an object and 

then being asked to repeat the name of the object (Hayes & Barnes). To illustrate a 

child sees the object ‘milk’, then hears the name ‘milk’ which is followed by the child 

saying the object name ‘milk’.  Furthermore, children are often taught to identify such 

objects upon hearing a name, hear ‘milk’, then see ‘milk’. While these relations may 

initially be directly trained, training may subsequently lead to the emergence of 

untrained/derived relational responding (DRR). Contextual cues such as ‘is’ predict 

that, if the object is ‘milk’ (object ‘milk’ - name ‘milk’) the reversal of this is also true, 

‘milk’ is the name of the object (name ‘milk’ - object ‘milk’). While training initially 

involved the process of differential reinforcement, says ‘milk’ - receives object ‘milk’ 

versus says ‘orange’ - does not receive an object ‘milk’. Consequently over time, the 

child, in the absence of differential reinforcement may identify milk when asked 

‘Where is your milk?’ (Hayes & Barnes). 

 Derived arbitrarily applicable relations, referred as a ‘relational frame’ can be 

conceived as a type of generalised operant behaviour. Through a process of differential 

reinforcement patterns or repertoires of relational framing are brought under the 

control of contextual cues (e.g. the word ‘is’ or ‘if’; Barnes, Lawlor, Smeets and 

Roche, 1996). It is these generalised operant behaviours which have been used by 

proponents of RFT to explain one of the key features of human language. There are 

many differing types of stimulus relations associated with human language which may 

also be explained in terms of generalised operant behaviour (Barnes et al.,). Contextual 

cues such as ‘more’ or ‘less’ for example given enough exposure to differential 
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reinforcement, which cup has more water, which bag has more sweets, may in time 

produce additional relational responses that come under the control of the contextual 

cue ‘more’. Gross and Fox (2009) highlight how such relational responses can be 

arbitrarily applied to other events or objects, even when those events do not occasion 

the relational response. To clarify, consider children’s clothing, size thirteen shoes are 

bigger than size one shoes, even though physically the former is smaller in size as such 

many relations other than equivalence can be derived in this manner, for example 

relations of comparison and opposition (Dymond & Barnes, 1995; Green, Stromer & 

Mackay, 1993; Gross & Fox; Barnes & Roche, 1996). Gross and Fox stress that, 

examination of derived stimulus relations may provide researchers with a valuable 

model for analysing language and other complex human behaviour. 

 The arbitrary nature of derived stimulus relations is comparable to how 

humans use spoken language within natural language contexts, as mentioned 

previously words and their physical representations often share few formal properties. 

The printed word ‘worm’ shares no similarity to a physical ‘worm’, yet, humans tend 

to use and respond to arbitrary spoken words as if they are not only equivalent but 

share the psychological functions or meaning associated (Gross & Fox, 2009; Sidman 

et al, 1982). The phenomenon of deriving complex networks of relations following 

minimal direct training, therefore may account for the extraordinary and complex use 

of human language (Barnes-Holmes, Hayes, Dymond, & O’Hora, 2001). Proponents 

of RFT challenge experimental evidence from the stimulus equivalence literature, 

suggesting that non-human subjects have been able to demonstrate stimulus 

equivalence. Support in favour of the RFT position that equivalence is only formed by 

language-able humans is supported by several published research papers. Devany et 

al. (1986) compared the performance of three groups of children (normal functioning 

levels, retarded with speech capabilities, and retarded with a language deficiency) to 

determine whether language capabilities influence an individual’s ability to form 

equivalence classes. Language-able children performed better on the stimulus 

equivalence test than those without language, supporting a positive correlation 

between ability to speak and performance on equivalence tests. Much empirical 

evidence has been conducted which finds an association between derived stimulus 

relations and language development. However it can be argued that in non-typically 

developing populations, impediments other than language ability may be present and 

therefore data may not accurately reflect all non-verbal populations (McLay, Church 
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& Sutherland, 2014). Researchers have provided evidence indicating that the ability to 

derive stimulus relations is connected to cognitive and verbal skills (Barnes et al.,; 

Cassidy, Roche & Hayes, 2011; Devany et al.,; O’Hora, Pelaez, & Barnes-Holmes, 

2005; O’Hora et al., 2010). 

 It is claimed that the ability to derive stimulus relations emerges in early 

childhood, distinctively in infancy and that there is a gradually development of this 

ability which emerges at approximately the same time as language skills (Lipkens, 

Hayes & Hayes, 1993). One key argument is the non-demonstration of convincing or 

unequivocal demonstration of such relations in language deficient humans and non-

humans (Barnes et al, 1990; Devany et al., 1986; Dugdale & Lowe, 2000; Hayes, 1989; 

Sidman et al., 1982; Zentall et al., 2002; Zentall et al., 2014). Dube and McIlvane 

(1996) in opposition to the language argument stress that, one limitation of RFT is the 

theories reliance on such studies which have failed to show equivalence class 

formation in language deficient humans and non-humans and that any future positive 

finding of equivalence class formation in non-humans could pose problems for RFT. 

Recently Hughes and Barnes-Holmes (2014) discussed how proponents of RFT have 

acknowledged that limited forms of derived behaviour may be indeed be demonstrated 

by non-humans in the absence of an explicit history of reinforced equivalence 

responding.  

 Sidman however presented a different argument against the RFT position. 

This argument was based on the role of a history of multiple exemplar training: “I do 

not understand how any number of examples can give rise to generalised arbitrary 

relations like reflexivity, symmetry, transitivity, and so on. Because the exemplars 

would possess no measurable feature in common, it is not at all evident that one might 

be able to generalise an arbitrary relation solely from exemplars” (Sidman, 1997, 

p.364-365). Sidman’s argument is one that holds true when one considers how many 

of the classes, found within natural categories (which are used in language), often 

comprise stimuli which combine arbitrary and non-arbitrary features (Zentall et al., 

2014). Derived stimulus relations therefore present a challenge to behaviour analysts, 

because more than often, the results do not meet the expectations that would be 

anticipate under a strict conditioning paradigm; and as a result such relations are often 

called derived or emergent. The counter argument to that proposed by Sidman centres 

on how a combination of arbitrary contextual and social cues, which control relational 

responding, results following early language training and that responding is not formed 
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solely on the formal properties of the related stimuli. For humans, it is therefore a 

learned ability to arbitrarily apply relational responses to stimuli based on contextual 

cues (Gross & Fox, 2009). Thus, Hayes et al. (2001) emphasized how contextual cues 

specify both the relevant relations and the functions to be transformed in a relational 

frame. They use a metaphor of a frame ‘‘to emphasize the idea that this type of 

responding can involve any stimulus event, even novel ones, just as a picture frame 

can contain any picture’’ (p. 34). 

 Several relational frames have been specifically identified and studied to date.  

These include frames of coordination, opposition, distinction, comparison, hierarchy, 

and deictic frames of perspective-taking (Gross & Fox, 2009; Hayes et al., 2001). 

Gross and Fox clarified that relational frames networks do in fact describe behavioural 

repertoires and not hypothetical or inferred mental structures, or knowledge constructs. 

Explicitly, relational frames refer to contextually controlled patterns or repertoires of 

relational responding, that individuals learn through the contingencies of 

reinforcement established in conjunction with their verbal and social communities 

(Gross & Fox). Arbitrarily applicable relational responding (AARR) is the keystone 

of human language and cognition and therefore Hayes stated the simplest RFT 

definition of verbal behaviour is ‘‘the action of framing events relationally” (p. 43). 

For that reason, the definition of verbal stimuli provided by Hayes et al. is that ‘‘stimuli 

that have their effects because they participate in relational frames’’ (p. 44).  

 Relational Frame Theory incorporates and unites a number of previously 

established behavioural principles, to offer an explanation of many of the complex 

aspects of human language and cognition (Rehfeldt & Barnes-Holmes, 2009). RFT has 

provided a behavioural account which has allowed for the examination of complex 

psychological phenomena, previously considered outside of the remit of behaviour 

analysts. The incorporation of behavioural principals have given way to provide 

explanations of many covert behaviours for example, human anxiety (Dymond, 

Dunsmoor, Vervliet, Roche & Hermans, 2014; Friman, Hayes & Wilson, 1997), fear 

(Cochrane, Barnes-Holmes & Barnes-Holmes, 2010; Smyth, Barnes-Holmes & 

Forsyth, 2006), rule following (Barnes, Healy & Hayes, 2000; Tarbox, Zuckerman, 

Bishop, Olive & O’Hora, 2011), self-awareness (Dymond & Barnes, 1995; Dymond 
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& Roche, 2013) self-concepts (Barnes, Lawlor, Smeets & Roche, 1996; Merwin & 

Wilson, 2010) and hierarchal classification (Slattery, Stewart & O’Hora, 2011).  

 Another common criticism of RFT surrounds the lack of a detailed 

description regarding the history of reinforced relation responding; a requirement 

before a frame of coordination can be actualised (Stremmer, 1995; Leigland, 1997; 

Clayton & Hayes, 2012). Clayton and Hayes stressed that this lack of accountability 

for individual histories, can nonetheless be an oversight, versus a weakness in the 

theory and that other researchers (e.g., Horne & Lowe, 1996) have already provided a 

detailed account of possible histories, which would lead to equivalence established as 

an operant consistent with the view held by RFT researchers. According to Gross and 

Fox (2009) the history of the acting organism is the foundation for bringing about 

verbal stimulus functions, both the speaker and the listener are seen to be engaging in 

verbal behaviour. The speaker by generating words based on relationally framed 

events, the listener by reciprocating and vice versa. The RFT approach to studying 

verbal behaviour has led to a growing body of empirical research, applications, and 

conceptual analyses, including providing the theoretical basis for a popular form of 

psychotherapy known as acceptance and commitment therapy (Hayes, Strosahl & 

Wilson, 1999; Hayes et al., 2001).  

Recent research has re-examined the concept of intelligence using RFT 

(Cassidy et al., 2011). Their research has proposed a theoretical framework for the 

analysis of ‘intelligent’ behaviours by introducing the practices of the standard 

measurement of intelligence, the intelligence quotient (IQ) and some key features of 

commonly used IQ tests. The proposed framework provides a rationale for the 

construction of interventions to raise intelligence quotients as calculated by 

standardised IQ tests. Specifically, that training skills in derived relational responding 

(DRR) by using multiple exemplar training (MET) can accomplish this goal. In the 

first study eight typically developing children took part, of which half were assigned 

to a no treatment control group. All participants at baseline underwent testing of 

intellectual ability through the Wechsler Intelligence Scale for Children (WISC-IIIUK; 

Wechsler, 1992). The four participants within the experimental group were exposed to 

multiple exemplar training in stimulus equivalence and the relational frames of same, 

opposite, more-than, and less-than over multiple sessions over several weeks. 

Reassessment of intellectual ability was conducted for all participants following 
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completion of each experimental phase. The results of Cassidy et al. experiment 

showed significant improvements for the experimental group. 

The second study Cassidy et al. (2011) conducted was with an additional eight 

children who had a range of educational and behavioural difficulties. Study 2 differed 

to study one, firstly an improved multiple-exemplar-based relational frame training 

intervention was used and secondly, the measure of intelligence was through the WISC 

(IV-UK) a newer version of the previous test. In addition, a new measure, the 

Relational Abilities Index (RAI) was administered at baseline and following the 

intervention. The RAI was devised as a means to ensure that relational skill repertoires 

were changing as a result of the MET intervention. Study 2 was conducted over 

approximately nine months, a considerably longer period of time than Study 1.  For 

seven out of the eight participants IQ test results increased by at least 1 standard 

deviation (SD) a statistically significant improvement. All participants showed 

increases in relational ability as assessed by the RAI. Relational ability, and in 

particular the fluency of relational learning, were correlated with rises in IQ (Cassidy 

et al.,). The findings of both studies demonstrated the first preliminary evidence that 

an RFT-based intervention may be effective in raising the fluency of cognitive skills 

for both neurotypical and non-neurotypical populations. 

 

Naming Theory 

 

Another alternative theory to Sidman’s stimulus equivalence was presented by Horne 

and Lowe (1996). They suggested that the development of stimulus classes is 

dependent on the emergence of language. This process of equivalence class formation 

as emergent is one that is based on assumptions of internal processes. Horne and Lowe 

proposed that equivalence relations are formed as a result of an individual’s learning 

history, of naming and hearing named relations, whereby names relate to classes of 

objects. They proposed that the process of class formation, instead of establishing a 

direct relation between each stimulus and another stimulus as seen within the stimulus 

equivalence literature, is as a result of a common name being used to describe each 

stimulus. This assigned common name is deemed sufficient to establish a stimulus 

class and the emergence of new stimulus-stimulus relations is derived from these 

common names. In illustrating their position consider a ‘dog’, in the context of being 

both spoken ‘dog’ and heard by the individual ‘dog’, each stimulus is then treated in a 
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similar way; as if the stimuli were functionally equivalent. The focus of naming theory 

is on verbal processes and it is these verbal repertoires which allow positive 

performances on equivalence tests; these performance successes are described as a 

secondary outcome of naming. According to Horne and Lowe several functional 

classes of verbal behaviour which include tacts (labelling), mands (requests) and 

intraverbals (regulated by verbal discriminative stimuli, thematically related words or 

sentences e.g. red ball) are proposed as being different variants of naming. Many 

phenomena, such as categorisation, symbolic behaviour, meaning and rule-governed 

behaviour, are accounted for under naming theory and it is proposed that naming 

behaviour is a pre-requisite for success in stimulus equivalence tests. 

 Several authors have presented opposing arguments to naming theory. 

According to Dube and McIlvane (1996), Horne and Lowe’s (1996) account does not 

provide or make sufficient consideration of the various ways naming could be involved 

in tests of equivalence. Dube and McIlvane criticise the lack of literature to support 

naming as a fundamental process in class formation, because the suggestion of verbal 

behaviour as a causal variable is one that is convenient. Researchers examining 

equivalence class formation in non-human animals, concur that naming is unnecessary 

for the formation of equivalence classes and it is claimed that it may be that 

equivalence class formation, is what facilitates naming (Schusterman, Kastak, & 

Reichmuth, 1997). To support this argument, numerous field studies involving non-

linguistic animals such as sea lions and primates are often cited, showing that such 

populations can form equivalence classes. Schusterman et al. argued that “The most 

parsimonious explanation for the appearance of equivalence in both humans and other 

animals is that the ability evolved in a social or ecological context, rather than as a 

result of linguistic competence” (p. 257). Further arguments discrediting naming 

theory are presented on the basis of measurement (Pilgrim, 1996). Pilgrim stressed 

how the ambiguous nature of naming theory, presents one that is difficult to discredit. 

Indeed, even when criteria are suggested by the authors that may change or disprove 

the influence of naming, that same criteria are later justified and used to support the 

influence of naming. For example, due to animals’ lack of naming repertoires, they 

should not be able to demonstrate equivalence. However, if a non-human animal was 

able to accomplish this, it would not affect the determinants of equivalence in verbal 
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humans (Pilgrim). This criticism is one which is reminiscent of those presented against 

the exemplar view of categorisation. 

 Studies have demonstrated equivalence classes in individuals with language 

and learning difficulties through the use of visual or auditory-visual stimuli, when 

naming was not a contingent response (Barnes, et al., 1990; Green, 1990; Saunders, 

Wachter, & Spradlin, 1988; Sidman, Wilson-Morris, & Kirk, 1986). Indeed, if one 

considers the literature from outside of the behaviour analytic field young children’s 

receptive language vocabulary (listener behaviour) is often the first to develop. 

According to Bzoch & Leauge (1991), young infants (6-8 months old) symbolic word 

meaning often surpasses over 100 words by the first birthday. Speaker behaviour, as 

expressive syntactic development occurs at a much later stage in development, at 

around 18 months. In a study by McLay et al. (2014) children took significantly longer 

to acquire the directly taught skills when using the ‘Name’ teaching condition than 

when using the ‘Select’ teaching condition. McLay et al. emphasized how this finding 

aligns with what we know about language development, which shows that children 

acquire receptive understanding prior to mastering the expressive use of individual 

words. According to Peláez-Nogueras (1996) it can therefore be conceived “that 

functional transfer of behavior across members of stimulus classes can occur even long 

before expressive naming develops” (p. 1). 

 Despite the criticisms levelled at the theory, some research conducted with 

human populations has provided positive support in relation to naming theory. 

Typically developing children have demonstrated stimulus categorisation after being 

taught the relevant listener and speaker behaviours separately (Miguel et al., 2008). In 

this study a category sort test was used to assess emergent conditional relations of 

geographical relations. Training involved a three-choice, matching procedure which 

decreased the probability of conditional discrimination being under the control of 

incorrect comparisons, which in turn could result in failure during tests for equivalence 

reject relations and decreased the probability of high accuracy responding through 

chance. Other research has found that young children who have failed an equivalence 

test, when later taught to name the stimuli involved, often then produce equivalence 

responding on a subsequent test (O'Connor, Rafferty, Barnes-Holmes & Barnes-
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Holmes, 2009; O’Connor, Barnes-Holmes & Barnes-Holmes, 2011; Wynn  & Smith, 

2003; Eikeseth & Smith, 1992 & Dugdale & Lowe, 1990). 

 Recently a study by McLay et al. examined the formation of equivalence 

classes among children with ASD and neurotypical children. Their findings contrasted 

with those reported in previous published studies. Two groups, children who had been 

diagnosed with ASD (the Autism Group, N = 10) and ten were neurotypical children 

(Neurotypical Group, N = 10), took part in the study. One of the pre-experimental 

testing phases consisted of standardised developmental tests and participants across 

both groups were matched on the outcomes of pre-experimental test scores. Half of the 

children were taught naming responses first, followed by selecting responses the other 

half were taught in the reverse order (McLay et al., 2014). Two of the six equivalence 

relations were taught before participants were tested to determine whether the 

remaining four equivalence relations were acquired without teaching. Five out of ten 

participants with ASD demonstrated the emergence of all four untaught relations while 

the other five participants showed variability. In the neurotypical children nine out of 

ten demonstrated the emergence of all untaught relations. Variation in teaching 

conditions was found to have had no significant effect on outcomes. The results of the 

McLay et al. study fail to support the claim that the acquisition of naming responses is 

a pre-requisite for the emergence of untaught equivalence relations. 

 McLay et al. (2014) presented a variety of explanations for the inconsistencies 

found within published naming theory literature. Firstly, procedural differences 

between experiments such as the number of practice opportunities and a greater 

number of stimulus–response relations were taught and tested. Secondly, variations in 

the types of stimuli utilised varied greatly across the literature. Additionally, 

participants often underwent naming training as a remedial strategy versus naming 

being a specific teaching strategy. There was significant variation among the children 

with ASD in terms of the likelihood that these children would demonstrate the 

emergence of untaught equivalence relations. There are two main possible 

explanations they provided for why some children in the Autism Group demonstrated 

the emergence of untaught relations and some did not. The first is that the difference 

is due to the differences in rate of development. The second is that it is due to 

differences in prior teaching history. 

 A significant and strong negative correlation between age and number of 

derived relations was found in this study. In other words, when matched on receptive 
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vocabulary scores, the older children in the ASD group required the greatest number 

of teaching trials to reach the mastery criterion and they were the least likely to 

demonstrate the emergence of untaught equivalence relations. They also tended to 

have the lowest functional academic scores on the ABAS-II. In the McLay et al. (2014) 

study it was the children with higher levels of pre-requisite skills (as measured by rote 

counting and counting with one-to-one correspondence), higher functional academic 

scores and higher communication scores who required fewer trials to reach criterion. 

This provides further indirect evidence for a link between rate of development and the 

emergence of untaught equivalence relations. This observation suggests that it may be 

the rate of development of the child and not autism per se, which is the major 

determinant of whether or not equivalence relations will emerge during teaching. A 

similar conclusion was reached by O’Connor et al. (2011) who argued that children 

with higher levels of language skills can be expected to acquire equivalence relations 

more rapidly regardless of whether or not they have a diagnosis of ASD. 

 Interestingly McLay et al. (2014) found significant variation among the 

children with ASD in terms of the likelihood that these children would demonstrate 

the emergence of untaught equivalence relations. Four variables were used to assess 

the likelihood of untrained equivalence relations emerging, autism status, scores on 

the functional academic domain of the ABAS-II, age, and rate of acquisition. The study 

found that those children who scored higher on the measure of functional academics 

were more likely to demonstrate the emergence of untaught relations. The Adaptive 

Behaviour Assessment System (ABAS- II) presented some new findings in the 

literature; this assessment has not been used in published research. ABAS- II measures 

adaptive functioning across 10 different domains, one of which is Functional pre-

academics (children 0–5 years of age) or Functional Academics (5–21 years of age). 

One possible explanation McLay et al. provided is the correlation between functional 

academic scores and the emergence of untaught equivalence relations simply reflects 

differences in the rate of development or prior experience with the type of learning 

task used with the children during the study. Additionally, it was found that children 

who required fewer teaching trials to reach mastery of the taught stimulus–response 

relations were significantly more likely to demonstrate the emergence of untaught 
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equivalence relations. The rate of acquisition was additionally found to be the best 

predictor of the emergence of untaught equivalence relations. 

 The findings of McLay et al. (2014) indicated that the variation in teaching 

conditions had no significant effect on outcomes, a significant correlation between 

numbers of trials required to reach mastery criterion in the ‘Select’ Condition was 

strongly correlated with the emergence of symmetry and transitivity. In addition the 

same correlation was found in the number of trials to criterion in the ‘Name’ 

Condition. These results indicated that children, who acquired the taught discriminated 

responses more rapidly, were more likely to demonstrate the emergence of untaught 

equivalence relations regardless of experimental condition. A significant difference 

between the number of teaching trials required for children in the ASD Group and 

children in the Neurotypical Group to reach mastery criterion was found providing 

support that children with autism require a significantly greater number of teaching 

trials in order to meet mastery criterion. The results of this study mirror those found in 

previous research involving children with ASD (McLay et al, 2013; 2014; LeBlanc, 

Miguel, Cummings, Goldsmith & Carr, 2003). The use of language matched ability in 

the McLay et al. study has provided a unique perspective in the examination of 

differences in performance between the children with ASD and the neurotypical 

children. The overall results indicate that the variability seen are unlikely to be the 

result of language ability, but may be a characteristic that is associated with the way 

in which children with ASD acquire and generalise new skills. Indeed, children with a 

diagnosis of ASD may present with delay in a significant number of skill domains 

other than language ability and these skill deficits may vary across each individual.  

 

Equivalence Based Instruction 

 

 Stimulus equivalence has been extensively studied in the field of behaviour 

analysis in recent decades (e.g., Elias, Goyos, Saunders & Saunders, 2008; Galizio, 

Stewart & Pilgrim, 2004; Slattery, Stewart & O'Hora, 2011), using a procedure 

whereby the training of at least two conditional discriminations results in the derivation 

of others. As outlined previously, having been taught the relation A1-B1 (i.e., given a 

stimulus arbitrarily designated as A1, select another stimulus, B1) and the relation B1-

C1, an individual may, without further instruction, derive reflexive (A1-A1, B1-B1 & 

C1-C1), symmetrical (B1-A1 & C1-B1), and transitive (A1-C1, C1-A1) relations 
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between those stimuli (Sidman & Tailby, 1982). The prevailing method of training and 

testing equivalence relations has been through use of match-to-sample (MTS) tasks as 

outlined previously in Chapter 1. Sidman’s (1971) seminal study introduced the notion 

of stimulus equivalence as a means of teaching a developmentally delayed teenager to 

read. Since that time however, most equivalence research has focused on computerised 

laboratory based experiments testing theories of the processes underlying stimulus 

equivalence (e.g., Horne & Lowe, 1996; Hayes et al., 2001). Research has additionally 

been conducted using more traditional methods of responding such as paper and pencil 

protocol to study stimulus equivalence, more specifically, whether stimulus 

equivalence can emerge from conditional discriminations established by verbal 

instructions (Eikeseth, Rosales-Ruiz, Duarte & Baer, 2012). In these studies, 

researchers have tended to employ meaningless stimuli with which the participants 

have no pre-experimental history. The application of stimulus equivalence to real 

world teaching (referred to as equivalence based instruction; EBI), in contrast, has 

received relatively little attention. 

Within traditional educational settings, much learning for children and adults 

alike takes place in a variety of group settings.  Teachers typically do not have the 

opportunity to engage in one-to-one work with students and are required to make 

educational content accessible to an increasingly diverse student population. 

According to Crow (2008) technology of universal design which incorporate a “theory 

or practice pertaining to design, development, and implementation of communication, 

information, and technology products and services that are equally accessible to 

individuals who are disabled and non-disabled” (p. 53). Crow emphasised that such 

technology which bridges the gap between such a diversity of students, has not yet 

been accomplished, in a productive and cost-effective manner. Skinner developed and 

advocated for a variety of teaching machines for example, machines to teach 

completion of mathematic skills and spelling skills. Skinner advocated that such 

machines give students ‘competence and confidence’ (Skinner, 1960, p189). Skinner 

(1961) stressed that as the population of individuals who require education grows that 

simply building new class and providing more teachers would not be sufficient. In 

contrast he suggested that education itself would need to become more sufficient. 

Skinner proposed that this could be achieved through revision and simplifying of 

curricula, textbooks and the improvement of classroom techniques. The computerised 
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technological advances that currently exist were not available to Skinner yet his vision 

is one that still has relevance and application today.  

Twyman (2011) recognised how the novelty of new technologies and devices 

do not necessarily translate into positive educational outcomes. She discussed how 

historically within education when a new technology becomes prevalent in the class 

(e.g., lectern, chalkboard, overhead and slide projectors, videos, DVDs, desktop 

computers, interactive whiteboards, etc.) an opportunity for reform presents itself. A 

key emphasis for Twyman is that, it is not the medium that changes outcomes (handing 

a child an iPad) but the interaction between the learner and the medium, and the 

contingencies that ensue. Twyman’s view is one that echoes that of Skinner, in that the 

technology or machine does not teach. The technology should serve as a type of bridge 

that brings the student into contact with the teacher who developed the teaching 

material. Such technology or machines should therefore be labour saving, because the 

materials developed by one teacher could be accessed by an indefinite number of 

students and that the effect on these students would be similar to that of one to one 

tuition as programmed feedback and the potential for practicing /learning without 

requiring one-to-one instruction exist (Skinner, 1960; Skinner, 1961).  

Equivalence based instruction offers behavioural researchers an opportunity to 

merge scientifically validated equivalence procedures, behavioural principals and 

techniques with emerging technologies. One such area of the literature that may 

provide a useful tool in this examination is that of active student responding. Heward 

(1996) defined active student responding as occurring when a student makes a 

detectable response to ongoing instruction. Active responding still requires 

engagement and effort on the part of the teacher and Pratton and Hales (1986) gave an 

educator’s perspective, defining active responding as a “deliberate and conscious 

attempt on the part of the part of the teacher to cause students to participate overtly in 

a lesson” (p. 211). As a teaching technique, active learning has been the topic of 

numerous studies across a variety of populations and across age groups from preschool 

to university level. The benefits found with active responding include increased 

student engagement, increased scores and retention of information and a reduction of 

off-task behaviour (Colbert, 2005; George, 2010; Martyn, 2007). These type of 

benefits are those which Skinner (1960) envisioned through his teaching machines. 

 Research using EBI to teach adults in university settings include algebra and 

trigonometry (Ninness et al., 2009; Ninness et al., 2006), mathematics (Ninness, 
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Rumph, McCuller, Harrison, Ford & Ninness, 2005), statistical interactions (Fields, 

Travis, Roy, Yadlovker, Aguiar‐Rocha, & Sturmey, 2009), statistical inferences 

(Critchfield & Fienup, 2010), research design (Sella, Ribeiro & White, 2014; Walker 

& Rehfeldt 2012) and brain-behaviour relations (Fienup, Covey, & Critchfield, 2010).  

Although these studies used real world (rather than arbitrary) stimuli, they were still 

mainly laboratory based and so lacked ecological validity (Pytte & Fienup, 2012; 

Rehfeldt, 2011). Recognising the shortage of naturalistic research, Pytte and Fienup 

(2012) investigated if classes of neuroanatomical associations could be established 

with university students under naturalistic conditions. Brain regions represented on a 

diagram (term A), the region name (term B) and function (term C) were taught using 

a standard lecture format during which the lesson was delivered to participants (n=93) 

through a PowerPoint ® presentation using a MTS format. Testing was conducted 

using multiple choice quizzes. The results of the study provided the first known 

evidence of the effectiveness of EBI as a means of teaching in a natural educational 

environment. Pytte and Fienup’s findings also add to the literature in support of EBI 

as an effective tool which may allow for tight control of learning outcomes thereby 

saving teaching time by eliminating unnecessary information covered in teaching 

courses. 

 Taylor and O'Reilly (2011) developed an intervention to promote 

generalisation in an applied community setting with six participants with mild 

intellectual disabilities. The intervention consisted of the participant groups (n2) being 

taught “using (a) stimulus equivalence training, (b) multiple exemplar training, or (c) 

single instance training to complete a supermarket shopping task analysis” (p. 1). The 

results indicated that stimulus equivalence and multiple exemplar training were 

equally effective in promoting generalisation with single instance training being the 

least effective. However the authors discuss that there are several limitations to the 

study, the low number of participants per group for instance makes it difficult to rule 

out threats to internal validity such as inter-subject differences. A second limitation 

the authors list is that the research could be seen to imply that the procedure established 

an equivalence class consisting of physically unrelated stimuli and stimuli involved in 

natural categories. During pre-test, the two participants who received equivalence 

training could already select the picture of the supermarket in response to the spoken 

word ‘supermarket’. Talyor and O'Reilly suggested therefore that equivalence class 

consisting of the spoken word, a variety of pictures and actual supermarkets were 
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already established. The additional trained printed word may have been added to an 

already existing stimulus class and therefore the generalisation demonstrated by the 

participants was simply the result of the existing class. Another difficulty they report 

is that the experimental design did not allow for precise determination of the effects 

the established natural category is supposed to have on generalisation. 

 The EBI literature mentioned in this chapter thus far has focused solely on 

adult learners. Indeed, the application of EBI in teaching educational goals in younger 

populations has produced an even smaller body of work. Research with young children 

has focused on teaching coin recognition (Keintz, Miguel, Kao & Finn, 2011), 

geographical relations (LeBlanc, Miguel, Cummings, Goldsmith, & Carr, 2003; 

Miguel et al., 2008) reading and spelling (de Rose, Souza & Hanna, 1996), verbal 

operants (Pérez-González, Herszlikowicz, & Williams, 2010) derived manding 

(Rosales & Rehfeldt, 2007) and Native American Languages (Haegele, McComas, 

Dixon, Mark, & Burns, 2011). These studies have focused on both neurotypical 

children (Miguel et al., 2008) or children with a diagnosis of Autism Spectrum 

Disorder (LeBlanc et al., 2003), and the majority of studies have used so-called table 

top MTS procedures where the researcher sits across a table from the child and places 

cards on the table for them to respond to. For example, Groskreutz, Karsina, Miguel 

& Groskreutz (2010) demonstrated equivalence class formation via table top 

procedures with a group of children diagnosed with Autistic Spectrum Disorder. The 

skills chosen reflected individualised educational goals identified from the participants 

individual educational plans. More recent research with young children have 

incorporated computerised responding to teaching relational frames that incorporate 

the use of real world visual stimuli (Kilroe, Murphy, Barnes-Holmes & Barnes-

Holmes, 2014).  

 Positive result for computerised EBI have been demonstrated, Haegele et al. 

(2011) conducted a controlled study of preschool aged children. Six participants from 

two different classes took part, with the remaining 12 in each class acting as control. 

All 36 participants underwent two pre-experimental tests which consisted of a 

computerised determination of baseline performance and a generalised test using 

flashcards which had relations written on them. In Experiment 1, the intervention 

group of six participants was taught to pair numbers spoken in English with numbers 

written in one type of endangered Native American Language and to pair the same 

spoken numbers with written digits. Stimuli were presented in a computerised MTS 
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program and participants responded by clicking on the chosen stimulus using the 

computer mouse. In Experiment 2, the other six participants in the second intervention 

group were taught to pair numbers spoken in English with numbers written in a second 

type of endangered Native American Language and to pair the same spoken numbers 

with written digits. The two tests that had been used pre-experimentally were re-

introduced at post-testing for all 36 participants. It was reported that, across the two 

experiments, all participants who received computerised training demonstrated 

significantly higher accuracy rates at post-testing than the participant in the control 

groups where responding stayed at similar levels to those seen pre-experimentally. 

While the use of measures such as pre-testing of existing knowledge may not be 

necessary under laboratory conditions wherein arbitrary stimuli are often generated 

and unlikely to be pre-experimentally known, applied studies more often utilise non-

arbitrary natural stimuli which participants may either demonstrate prior knowledge 

of, or may encounter instances of the targeted stimuli in the real world context 

(LeBlanc et al., 2003). Applied studies such as the current study, often occur over 

numerous sessions and these extended periods of time thus give rise to the possibility 

of exposure to targeted stimuli, even when participants are assigned within a control 

group. Published research within the EBI literature has noted such extraneous variables 

(time and natural exposure to the targeted skills) as limitations.  

Haegele et al. (2011) trained participants in numbers from across two 

indigenous American languages using an MTS protocol.  In addition, 24 of the 36 

children who took part in the study were assigned to one of two control groups, which 

involved exposure to stimuli similar to that targeted in the MTS training protocol. The 

exposure in the control conditions being, a 15 minute language lesson in one of two 

indigenous American languages. The results for the children in both control groups at 

post testing indicated that this language exposure did not impact on the results of the 

study. In fact participants in the Dakota control had a slightly lower post-test score 

30.32% than that seen in the pre-test 35.18%. This raises several questions as to why 

such extraneous variables (15 minute lesson per day) did not result in some gains being 

demonstrated. Was the length of exposure too short, did the type of exposure, group 

versus individual differ? If behaviours, like language, are underpinned by similar 

processes (AARR and DRR) then simple exposure to language would be expected to 

produce similar outcomes.   
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The Current Programme of Study 

  

 The growing body of EBI research in conjunction with a technological boom 

offer researchers a unique opportunity to explore the ecological validity of such 

procedures; designed to result in derived relational responding (DRR), and which 

incorporate behavioural principals and techniques to teach functional skills (Twyman, 

2011). The incorporation of new technologies is a critically important step in this 

process, in particular to educational application (Skinner, 1960; 1961, Twyman, 2011). 

As previously discussed much of the EBI research to date has focused upon teaching 

generic skills and examination has typically be found with adult populations 

(Critchfield & Fienup, 2010; Fields et al., 2009; Fienup et al., 2010; Ninnes et al., 

2005; Ninness et al., 2009; Ninness et al., 2006; Sella et al., 2014; Walker & Rehfeldt 

2012). There is however a growing number and diversity of students within education 

who require, individualised programme content, tailored specifically to the individual 

learners needs (Crow, 2008; Skinner, 1960; 1961)EBI research which has targeted 

individualised skills for children has been limited and typically is table-top based  

(Groskreutz et al., 2010). EBI programmes delivered through or incorporating the 

latest computerised touch screen technology of which a dearth of research exists are 

extremely novel and may have a greater application with such populations. Traditional 

education nonetheless takes places within group teaching situations and generics skills 

that have functional educational relevance are targeted. Additionally, naturalistic 

teaching settings involve students responding to group instruction and contingencies. 

While EBI research to date has focused on teaching real world (rather that arbitrary) 

skills many were still laboratory based and lacked ecological validity (Pytte & Fienup, 

2012; Rehfeldt, 2011). Currently no published research could be found which has 

included EBI procedures with incorporate group contingencies with young children.  

 The main aim of the current thesis was to empirically test EBI instruction 

using derived relational responding (DRR) procedures as a method of teaching 

categorisation to young children in novel and innovative ways through the 

incorporation of innovative computation technology. All empirical studies utilised 

behaviour analytic procedures which did not require verbal responding, but in turn 

focused on receptive and visual modalities. This allows for the examination of 

individuals who do not have or have limited verbal communication skills and 

populations with developmental disability. The first empirical study, Chapter 2, 
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developed and tested a computerised, touch screen modified matching-to-sample 

(MTS) procedure. The incorporation of touch screen technology is relatively new in 

the literature (Still, May, Rehfeldt, Whelan & Dymond, 2015) and offers a novel 

approach to EBI. Each participant was trained in six conditional discriminations and 

then tested for the emergence of three derived (untrained) three-member classes. 

Generalisation to additional category members, which were not pre-experimentally 

known or targeted for training were also tested, post-experimentally. In Experiment 1, 

the procedure was found to be successful with neurotypical young children and in 

Experiment 2 these findings were replicated with children with a developmental delay, 

specifically children with Autistic Spectrum Disorder (ASD). Chapter 3, Study 2 

comprised a study to compare the efficacy of the behaviour analytic EBI procedure 

with a traditional teaching approach. Research exploring the efficacy of EBI to 

traditional teaching approaches with young children is relatively unknown and 

research undertaken is this area is innovative in taking preliminary steps towards 

determining the ecological validity of EBI. The results of this study found that no 

significant difference was demonstrated in terms of direct teaching time, indicating 

that the EBI procedure may have application in mainstream educational settings. 

 Chapter 4 investigated if the EBI protocol with incorporated group 

contingencies in a small (n) group design is effective across three mainstream 

educational settings. Stimuli were chosen from the Irish primary curriculum; the six 

kingdoms of living things and while these generic skills were targeted, they have   

functional relevance to the children seduction. The EBI procedure offered an exciting, 

novel and innovative approach to learning these skills. Each participant responded 

individually using a computerised student-response system per trial, and computer 

software recorded the individual and overall group responses. Significant differences 

were found between pre and post intervention knowledge levels. Overall, the thesis 

provides support for the use of EBI procedures to teach simple and complex category 

membership, in both individual and small group educational settings. 



 

 

 

 

 

 

 

 

 

 

 

 

 

Chapter 2 (Study 1): Derived Categorisation in Young Children with and 

Without Developmental Delay 
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 One significant challenge that faces any applied study of EBI is the type of 

stimuli employed. In traditional, laboratory based analogue studies, researchers have 

tended to employ arbitrary stimuli, often nonsense words or shapes, for which 

participants have no pre-experimental learning history. The nature of EBI means that 

participants are being taught functional relations between, objects, concepts or events 

that they may encounter in the real world. In complex natural categories, class 

members often do not share physical characteristics (e.g. a worm does not share many 

of the physical characteristics of a butterfly). However, this is not always the case and 

class members frequently do share perceptual characteristics across multiple 

exemplars (e.g., all snakes have a forked tongue, limbless body, cylindrical shape and 

scaly skin) (Fields, & Moss, 2008; Fields, Reeve, Adams & Verhave, 1991; Fields, 

Verhave, & Fath, 1984; Murphy, 2002). Stimuli from within and between classes often 

have these types of variations such as colour, size and brightness therefore 

categorisation can be conceived in the same terms as stimulus discrimination and 

generalisation (Zentall et al., 2002). 

 These types of stimuli variations previously outlined certainly present 

problems for the study of EBI in natural settings, as certain controls are required to 

ensure that the tests are measuring experimentally taught and derived relations rather 

than pre-experimentally existing knowledge. Many studies have attempted to control 

for this type of knowledge through the use of pre-experimental testing (Fienup et al., 

2010; Haegel et al, 2011) A primary aim of the current study was to individualise the 

content to be taught. Categories were identified through the use of a novel pre-

experimental category sort test in the current study. This test also acted as a means to 

identify categories that the children demonstrated little to no previous knowledge of 

and also allowed for an attempt to control for obvious over lapping perceptual features. 

Additionally, pre-testing ensured that relations taught and tested were unknown in the 

context of their given category label and therefore built on individual deficits for each 

child. 

 The method of responding is also important in an EBI protocol. As discussed 

previously, much research involving adult learners has involved computerised MTS 

tasks but studies with young children often involve table top procedures. Within the 

literature difficulties have been reported regarding the use of click and point devices 

in young children and the required time that is needed to train the use of the device 

(Hourcade, Perry & Sharma, 2008; Shimizu, Yoon & McDonough, 2010). One type 
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of response which has received little mention within the literature is that of interactive 

touch screen technology (Arntzen & Holth, 2011; Saunders, Drake & Spradlin, 1999 

who used an early type of fixed touch screen). More recently Still et al., (2015) 

conducted a study to examine the emergence of derived relational responding and 

conditioned motivating operations to establish untaught mands (requests) with 11 non-

verbal children with Autistic Spectrum Disorder (ASD). The results of the study 

demonstrated positive evidence and all but one participant demonstrated positive 

evidence of derived requesting and derived stimulus relations. Their study has been 

the first known published to employ a procedure whereby a touch screen tablet 

computer has been an integral part of the procedures to facilitate derived manding; 

requesting wants or needs such as objects or actions.  

 Many studies have demonstrated equivalence in human participants, but have a 

commonality in that all participants shared a pre-experimental history of engaging in 

some form of human language.  It has been suggested that documentation of the 

participants’ pre-experimental language skills and characteristics would enhance 

contributions to the stimulus equivalence literature. This baseline will strengthen 

observations of correlations between participants’ current language abilities and 

performance (O’Donnell & Saunders 2003; Miguel et al., 2008). With the application 

of such procedures being delivered to younger population’s the documentation of 

participant language ability becomes increasingly more important. Indeed the 

widespread availability of portable technology now means that devices are now 

transportable and no longer require a fixed location. This type of technology expands 

research and learning via computer based instruction to a much younger population 

and additionally to individuals with special educational needs such as those with 

physical or intellectual disability and offers a means of advancing the behaviour 

analytic field. Control and training of additional computer appliances such as a 

keyboard or mouse are eliminated and is much more enabling for the learner. Still et 

al. stress how such devices promote and foster independent communication skills in 

such non-verbal populations. Additionally, Still et al. emphasise that from a research 

context, results obtained from such automated devices are adventitious, as there is a 

reduced likelihood of researcher cueing and that data collection is more likely to be 

accurate.  

 Rehfeldt (2011) called for ecologically valid research to investigate the 

application of EBI to naturalistic educational settings. The purpose of the current study 
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was to take some steps towards answering this call and advance the literature on 

equivalence based instruction by investigating the application of a modified match to 

sample procedure as a teaching protocol to teach category relations that involved 

untaught or emergent relations to young neurotypical children and then to extend it to 

a population with ASD. The aims therefore of the research are to firstly, to determine 

if participants would demonstrate individualised and functional derived category 

relations subsequent to exposure of a modified MTS protocol. Secondly to determine 

if an interactive computerised "touch-screen" modified MTS protocol with 

programmed feedback would be useful in demonstrating derived responding with 

young children in a preschool setting. 

 

Experiment 1 

 

Method 

 

Ethical Issues 

 Ethical approval for the study was granted by Dublin City University Research 

Ethics Committee (see Appendix A) and this experiment adhered strictly to current 

guidelines of the British Psychological Society (BPS, 2010) and the Psychological 

Society of Ireland (PSI, 2010). Recruitment did not commence until ethical approval 

had been granted, once approval was granted a variety of day care services were 

contacted. All services contacted were either publically listed services, the researcher 

had prior knowledge of, or knew of individuals associated within the service provider.  

Recruitment of the sample was one of convenience, information and consent packs 

were offered to all parents of children within the classroom. The researcher made 

herself available to discuss any questions with both staff and parents during 

recruitment and the duration of the study.  

 The participating children all were required to give assent to take part in the 

study. Informed assent with this young population involved the use of a story board 

describing what would happen during the study, this contained both pictures and texts 

to ensure that the children would understand the content. If the child could write their 

name or make an attempt at writing their name, they signed off on the storyboard. A 

tick box was also available for those who could not write their name and the researcher 

read this section also “I want to take part” and “I do NOT want to take part” (see 
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Appendix A). In addition to this measure a means for the child to communicate distress 

was made available and all participants were given opportunities to practice using the 

card prior to the experiment, and were reminded of the card at each experimental 

session. A picture of a computer was used to indicate when the session would 

commence, this built in a familiar structure for the children to know when their turn 

would occur. 

 In order to maintain motivation during the training phases of the study the 

children gained access to reinforcers. Prior to, and during, experimental phases each 

child underwent preference assessments to establish reinforcers or rewards that had 

both high and low value. Access to reinforcement was built around correct responding 

during the training phases, for each correct response made the child received a token 

(star with a smiling face) on a board. Each token equalled to 30’s of play with their 

preferred high value rewards. However to ensure maintained motivation and minimize 

any possibility of frustration, in the absence of any correct responses being made, the 

child gained access to toys which had a lower value for one minute.  

 The children who took part were young and to minimise fatigue and any possible 

frustration the duration of each session was kept short (30 minutes maximum inclusive 

of all breaks). Following each block a five minute break would occur, inclusive of time 

with reinforcers. This time meant that the child could move around the room, engage 

with peers and teachers before the next training or testing block.  

 If a child requested a break or showed any signs of distress the experimental 

session was immediately stopped and the session did not resume for a period of 24 

hours. Further details can be found in the approved ethics application (see Appendix 

A). 

 

Participants 

 Five neurotypical preschool-age children who attended a day care service 

took part in Experiment 1. The inclusion criteria for participation included good 

receptive language, no major visual or motor problems and no pre-existing knowledge 

of the categories to be trained as set out in the criteria for category exclusion. Three 

boys and two girls (n5) took part in the study. All participants spoke English as their 

first language, Participant 3 however were bilingual speaking both English and Polish 

in the home (see Table 2.1 for participant demographics). 
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Table 2.1. Participant 1-5 demographics. 

Participant Number Gender Male/Female 

o/Female 

Commencement Age 

1 Male 4 years 3 months 

2 Male 4 years 6 months 

3 Male 4 years 2 months 

4 Female 4 years 2 months 

5 Female 3 years 9 months 

 

Settings and Materials 

 All participants were trained and tested individually. Experimental sessions 

took place twice weekly and session duration was set at a maximum of 30 minutes 

inclusive of breaks for each participant. All experimental sessions took place in a small 

quiet area located in the corner of the preschool class room which otherwise is used 

for individual work sessions. 

 An 8.9-inch Asus Eee PC T91 Touchscreen Netbook ® was used for all 

experimental phases, see Figure 2.1. The pre- and post-tests, and category training 

were conducted as a table top procedure. A picture card (5x5cm) representing the 

experiment was added to the participants’ daily visual schedules located in the 

classroom, where available, otherwise the picture was shown to the participants. The 

picture showed a computer with the word work written underneath. A yellow card 

(8x5cm) with the word “break” typed on it in black was placed on the left corner of 

the work station. A token board with 12 grids was also used. Tokens consisted of 

yellow stars (3cm dimension). A standard countdown timer was also used to ensure 

consistent time with reinforcers. 

 A two choice preference assessment Fisher et al. (1992) was conducted using 

a variety of developmentally appropriate toys. Access to highly preferred reinforcers 

was contingent upon performance during training, each token earned equated to 30s of 

play. However, secondary reinforcers identified as having low to medium value were 

presented for one minute if no tokens had been earned. Pictures of the reinforcers were 

affixed to a board later presented as choices of reinforcers to participants following an 
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experimental training block. A minimum break of 5 minutes occurred between each 

block of trials, this was inclusive of time with reinforcers earned. 

 

 

Figure 2.1. Asus Eee PC T91 Touchscreen Netbook which used for all 

experimental phases. The screen has full 360 degree rotation and folds flat in 

either direction. 

 

 The standardised and norm referenced assessment of language used for Pre 

and Post-Test 1 was the Preschool Language Scale – Fourth Edition (PLS – 4; 

Zimmerman, Steiner, & Pond, 2002). All picture stimuli used for either category 

sorting, training or computerised phases of the experiment were obtained from (CD©; 

Silver Lining Multimedia, Inc, 2009). All stimuli were coloured images presented on 

a white background in printed form as 7x10 cm laminated pictures. The same images 

were used for the computerised phases in the form of bitmaps. Different stimuli were 

employed for each participant depending on the outcome of the pre-experimental sort 

tests. However, for ease of communication stimuli will generally be referred to using 

alphanumerics. 

 

General Procedure 

 The general procedure used during the experiment consisted of two pre-

experimental tests, eight experimental stages and two post-experimental tests. 

Experimental stages one to seven consisted of a modified and computerised three, 

three member matching to sample procedure to train and test categories identified for 
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each participant. Stage eight consisted of a table top receptive identification procedure 

and each stage is outlined in detail below. 

 

Pre-experimental Language Assessment 

 The first pre-experimental test consisted of a standardised and norm referenced 

assessment of language the Preschool Language Scale – Fourth Edition (PLS – 4; 

Zimmerman et al., 2002). The PLS-4 targets receptive and expressive language skills 

in the areas of attention, play, gesture, vocal development, social communication, 

vocabulary, concepts, language structure, integrative language skills, and phonological 

awareness. Raw and standard scoring is given for each of the two subsets (receptive 

and expressive language) and total raw and standard scores can be calculated based on 

scores for the two subsets. The test also provides a measure of age equivalence 

language ability. The purpose of this assessment was to establish the baseline language 

abilities for each participant. Retest time of the PLS-4 is at six month intervals and 

deviations from standardized administration, other than minor changes such as taking 

breaks or allowing the child to sit on the caregiver’s lap, will invalidate the test results. 

Deviation from administration guidelines may result in practice effects in scores. 

Practice effects refer to gains in scores on tests that occur when a person is retested on 

the same instrument/test, or tested more than once on ones very similar to each other 

(Zimmerman et al., 2002, p. 122). 

 

Pre-experimental Category Sort Test 

 The second pre-experimental test was a category sort test. The purpose of this 

test was to identify, for each participant, three categories of which they had little or no 

knowledge. This ensured that the programme was tailored to each participant’s 

individual needs. During the category sort task, participants were required to sort 27 

picture cards once into three corresponding category containers (9 cards per category). 

Participants were tested across a number of categories until three sets had been 

identified as meeting criteria. Those categories identified were finally tested as a set to 

ensure that they still met criteria and that minimal overlap in topography of images 

occurred. 

During the category sort task, the participant sat at a table upon which four 

containers were placed. The researcher sat out of view behind to the right or left side 

of the participant. Participants were given the following instructions, “I want you to 
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sort these pictures into these containers.” The researcher then pointed to each container 

and named what category was to be placed in each container. For example, “Animals” 

(pointing at Container 1), “Fruit” (pointing at Container 2) “Transport” (pointing at 

Container 3).The labels were repeated a second time again pointing to each container. 

After instruction, the researcher shuffled the picture cards. Each picture card was 

handed to the participant individually while he/she was simultaneously asked to ‘sort’. 

Those categories identified were finally tested as a set of three to ensure that they still 

met criteria and ensure minimal overlap in topography of images. 

 Correct responding was defined as the participant placing the picture card in the 

corresponding category container and self-corrected errors were accepted as a correct 

response. Incorrect responses were defined as placing the picture card in a non-

corresponding container, at any other location on the table/floor or, making no attempt 

to place the card within 10 s. No feedback was given to the participants at any stage 

during testing and no corrective actions were undertaken by the researcher. If the 

participant did not respond within 10 s the researcher removed the picture card and 

immediately placed the next picture in the participant’s hand issuing the instruction 

‘sort’. The non-placed card was then recorded as an incorrect response however this 

did not occur for any one participant. Categories for the computerised stages of the 

study were chosen based on the results of the pre-experimental category sort test. 

Category exclusion occurred when a participant placed more than three pictures from 

the same category set into the same container, regardless of the assigned category 

label. See Table 2.2 for the stimuli chosen for each participant. 
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Table 2.2. Experiment 1, Category sets and stimuli for each participant. 

Participant Stimuli 

Set 1 Set 2 Set 3 

Insects Fruit Electrical 

 A Ant Cherry Iron 

Participant 1 B Fly Strawberry TV 

 C Grasshopper Watermelon Vacuum 

  Accessories Utensils Fruit 

 A Belt Masher Kiwi 

Participant 2 B Ring Grater Peach 

 C Watch Ladle Pineapple 

  Dairy Vegetables Furniture 

 A Butter Broccoli Wardrobe 

Participant 3 B Swiss Cheese Carrots Sofa 

 C Milk Potato Table 

  Sweets Vegetables Furniture 

 A Candy floss Carrots Wardrobe 

Participant 4 B Lollipop Peas Sofa 

 C Popcorn Potato Desk 

  Body parts Musical Instruments Furniture 

 A Hand Drums Bed 

Participant 5 B Leg Piano Wardrobe 

 C Eye Guitar Desk 

 

Match-to-Sample (MTS) Pre-training 

 During MTS pre-training, participants were directly trained to match three 

identical shapes, presented in a quasi-random order on the tablet PC. The purpose of 

this stage was to familiarise the participants with the touch screen. 

 All participants had previous exposure to visual/textual or verbal instructions 

regarding the study before MTS pre-training. The participant was informed that he/she 

would be asked to match pictures. The researcher directed the participant to the tablet 

PC and explained verbally and with the use of the visual instruction board.  
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The read instructions were as follows: 

1. It’s time for our computer work. 

2. It’s time to match pictures on the computer. 

3. When you match pictures, you can earn tokens. 

4. We can swap our tokens for some toys (or named preferred item/activity). 

5. If you need to you can ask for a break. 

 The researcher pointed to each associated item on the visual instruction board 

to show the participant while reading the instructions. Having read the instructions, the 

researcher demonstrated through modelling for one trial how to select the correct 

comparison while the tablet PC was placed on the table. 

 During each MTS pre-training trial, a black shape (triangle, square or circle) 

appeared in the top centre of the screen. The participant was required to touch this 

shape. It immediately disappeared from the screen and an array of three comparison 

shapes (triangle, square & circle) appeared in the lower area of the screen, one to the 

right, one to the centre and one to the left. The location of the comparison stimuli was 

randomized across trials. The researcher issued the instruction ‘Match’ at the 

beginning of each trial (appearance of the sample) and if no response was made after 

5 seconds, the instruction was re-issued. A correct response was recorded by the 

computer if the participant used one or more of their fingers to touch the screen and 

select the corresponding picture from the lower portion of screen (e.g., if the sample 

was circle, select circle from the array of three comparison shapes). Correct responding 

was followed by the appearance of a green symbol on the screen. An incorrect response 

was counted if the participant selected a non-corresponding picture from the lower 

portion of screen. If an incorrect response was made, a red symbol appeared on the 

screen. The correct and incorrect symbols disappeared after 3 s duration and the next 

sample appeared on the screen. 

 As well as the visual feedback, following a correct response, the researcher 

delivered a token and verbal feedback (e.g., ‘good matching’, ‘nice matching’ or super 

matching’). No other feedback was given for incorrect responses. If after 5 s duration 

and no response occurred, the instruction “match” was re-issued. No participant failed 

to respond following the second instruction. Each MTS pre-training block consisted 
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of 12 trials during which each of the three shapes was presented as a sample four times. 

At the end of the block the word “finished” appeared on the screen. The researcher 

indicated to the screen and stated ‘matching is finished’. For a visualisation of screen 

shots from the computerised training please see Appendix B. Participants were 

required to make 11 correct responses in a 12 trial block in order to proceed to the first 

experimental phase. Any participant who did not reach criterion was re-exposed to the 

MTS pre-training. Participants 1, 2, 3 and 5 required only one exposure to MTS pre-

training. Participant 4 was the only participant to require more than one exposure to 

MTS pre-training. She met criterion after two exposures. More information on this can 

be seen in the results. 

 

Phase 1. A-B Baseline Training 

Participants were directly trained to pair the A and B stimuli (A1-B1, A2-B2, 

& A3-B3) using a MTS procedure as previously described. For example, choosing B1 

from an array (B1, B2, & B3) was reinforced following the presentation of A1. Correct 

responding on trials was reinforced by the researcher delivering a token onto the token 

board. 12 stimulus trials were presented per block with each of the three trial types 

present four times in a quasi-random order. Participants were required to reach a 

criterion of 11 correct responses over 1 block to move forward to the next experimental 

phase. If a participant did not meet criterion, training continued for four blocks before 

remedial action was taken and if the participant did meet criterion he/she proceeded to 

Phase 2. For a schematic representing the computerised phases see Figure 2.2. 

 

Figure 2.2. Schematic representative of computerised experimental Phases 1-7. 
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Phase 2: B-A Testing 

 Testing for derived symmetry (B1-A1, B2-A2 & B3-A3) followed A-B 

baseline training (A1-B1, A2-B2 and A3-B3) to examine if the directly trained were 

reversed. Criterion performance was set as in Phase 1: A-B training. If the participant 

did not met criterion, Phase 1 training restarted for a maximum of four train-test cycles, 

before remedial action was taken. 

The instructions for testing phases differed from training because no reinforcement 

was to be provided. The participant was again informed that he/she was to match 

pictures. The researcher directed the student to the tablet PC and explained read the 

following instructions: 

1. It’s time for our computer work. 

2. It’s time to match pictures on the computer. 

3. You will not earn tokens this time for matching. 

4. When we are finished matching we will go back to the classroom/work. 

 The researcher pointed to each associated item on the visual instruction board 

to show the participant while reading the instructions aloud. The researcher did not 

give feedback to the participant at any stage of testing. If the participant did not 

respond within 5 minutes the researcher stopped the testing and returned to the prior 

training phase. It was decided pre-experimentally that this would occur for a maximum 

of four train-test cycles before remedial action was taken, however, remedial action 

was not required at any point following this or any of the subsequent tests. If the 

participant did meet criterion he/she proceeded to Phase 3. 

 

Phase 3. B-C Training 

 The procedure was the same as in Phase 1 with the exception that participants 

were trained to match B1, B2 and B3 to C1, C2 and C3, respectively. If the participant 

met criterion he/she proceeded to Phase 4. 
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Phase 4. C-B Testing 

 Test for derived symmetry were the same as in Phase 2 with the exception 

that testing was for emergent C1-B1, C2-B2 and C3-B3 relations. If the participant 

met criterion he/she proceeded to Phase 5. 

 

Phase 5. A-B, B-C Mixed Training 

 This phase combined training Phases 1 and 3. Specifically, participants were 

exposed to training trials in which they were required to pair all six A-B and B-C 

relations (A1-B1, A2-B2, A3-B3, B1-C1, B2-C2 and B3-C3). A 12 trial training block 

was employed in which each of the six trial types were present twice in a quasi-random 

order. Criterion performance was set as in Phase 1: A-B training (11 out of 12 trial 

correct) to proceed. If the participant did not met criterion, B-C training restarted for a 

maximum of four test cycles, before remedial action was taken. If the participant did 

meet criterion he/she proceeded to Phase 6. 

 

Phase 6. Mixed B-A, C-B Testing 

The testing procedure combined Phases 2 and 4. Participants were tested for 

all possible derived symmetry relations (B1-A1, B2-A2, B3-A3, C1-B1, C2-B2 & C3-

B3). There were 12 trials in each test block and each of the six stimulus pairs was 

presented twice in a quasi-random order. The same criterion was used as in Phase 2. If 

participants did not meet this requirement they were re-exposed to Phase 5 mixed 

training. Following the four cycles, remedial action was taken. If the participant did 

meet criterion he/she proceeded to Phase 7. 

 

Phase 7. A-C and C-A Symmetry Transitivity Tests 

 The procedure for Phase 7 was the same as in Phase 6 with the exception that 

participants were tested on the previously untested A-C and C-A relations (A1-C1, 

A2-C2, A3-C3, C1-A1, C2-A2 & C3-A3). This trial test block exposure consisted of 

12 trials in which each stimulus pair was presented twice in a quasi-random order. The 

criterion to move on to the next Phase in the study was again set at 11 out of 12 trials 

correct. Remedial action was taken on the first instance that any participant failed to 

meet criterion for this phase. 
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Phase 8. Category Training 

 During Phase 8, participants returned to the table top procedures. During this 

phase, appropriate category labels were trained to each of the C stimuli (e.g., if C1 was 

apple then the category label trained was fruit). Using visual/textual or verbal 

instructions, the participant was informed that he/she would be requested to choose 

pictures of objects when the researcher named the category. The researcher directed 

the participant to the three pictures representing the C stimuli e.g. C1 (apple), C2 (ball), 

and C3 (car) and explained, ‘I will give you a name such as, fruit and you will give me 

the one that is the same’. The researcher then placed the three C stimuli on the table in 

front of the participant and stated the category label (e.g., “Fruit”). The participant was 

required to respond by choosing the picture that was related to this category, in the 

example given C1 (apple). No feedback was given to the participants for incorrect 

responses. Correct responses were reinforced by the researcher saying, ‘that was 

giving me… the category name’, and delivering a token as used in Phases 1, 3 and 5. 

 Initially, participants were not expected to have category knowledge but a 

most-to-least prompt hierarchy was put in place to facilitate learning (Libby, Weiss, 

Bancroft & Ahearn, 2008). A correct response to a category training trial was recorded 

if the participant selected the corresponding picture at the designated prompt level, or 

unprompted, within 5 seconds of the instruction. An incorrect response was recorded 

if a participant selected an incorrect picture card, if the researcher engaged in 

corrective action, or if the participant made no attempt to select a card within 5 seconds 

of the instruction. For each trial, the researcher noted the level of prompt required. 

Each block consisted of 12 trials during which each of the three C stimuli were 

presented four times in a quasi-random order. 

 Corrective action was taken when an incorrect response was made. Incorrect 

selections were blocked and the researcher stepped back a level in the prompt 

hierarchy, while reissuing the instruction. Participants moved forward a step in the 

prompt hierarchy when they achieved 11/12 correct trials (92%). If a participant 

achieved less than 6/12 correct trials or 50% over three blocks, the researcher moved 

back a step in the prompt hierarchy. 

 

Post-experimental Category Sort Test 

 A category sort test was used to test for the derived transfer of the categories 

trained in Phase 8. This phase involved the participants assigning each of the nine 
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stimuli to one of the three categories established for the C stimuli. The procedure used 

was the same as in the pre-experimental category sort test. 

 

Post-experimental Language Assessment 

 The language assessment was re-administered at the end of the study, six 

months after the first administration. The purpose of the follow up test was to 

determine if the children made gains outside of those normatively expected which may 

indicate a correlation between the EBI procedure and language ability. Such a finding 

may have implications for future research directions to specifically explore a language 

correlation with EBI procedures. However it must be noted that for validity purposes 

a minimum of six months should be allowed between testing. Due to time constraints 

regarding access to participants these tests were re-introduced at three months during 

Experiment 1 only and therefore and any findings in the post-experimental language 

assessment in Experiment 1 do not meet the validity guidelines due to practice effects. 

Additionally the children were engaged in education programs and therefore it is not 

claimed that any effects seen are of a direct result of the EBI program. 

 

Results 

 

Match-to-Sample (MTS) Pre-training 

 Participant performances in all MTS phases of the experiment can be seen in 

Figure 2.3. Participants 1, 2 and 3 only required one exposure to the MTS pre-training 

before meeting the criterion to move on to the experimental sessions. Participants 4 

and 5 required two exposures. 

 

MTS Training and Testing 

 Participant 1 required 120 trials (10 blocks) in order to meet the A-B training 

criterion of correct responding on 11 out of 12 trials in a block. This participant failed 

the subsequent B-A test for the emergence of symmetry relations (score of 7 /12). 

Following a second exposure to training (36 trials), Participant 1 passed the B-A test 

with a score of 11 out of 12 trials correct. The participant later met the criterion for B-

C training after exposure to 72 trials (6 blocks) to meet criterion, and subsequently 

passed the C-B test for the emergence of symmetry relations at the first exposure. Only 

one exposure to A-B, B-C mixed training and testing was required; following 96 
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training trials (8 blocks) the participant scored 11 out of 12 on the mixed test. The 

participant went on to pass the A-C and C-A test for derived relations. 

Participant 2 required 36 trials (3 blocks) of A-B training in order to meet the 

criterion of correct responding at 12 out of 12 trials correct. He subsequently passed 

the B-A symmetry test at 12 out of 12 trials correct. After 48 B-C training trials (4 

blocks) he met criterion to progress to the test which he also passed. The participant 

passed A-B, B-C mixed training in just 12 trials and went on to pass the B-A, C-B test 

with a score of 11 out of 12 trials correct. He passed the subsequent combined A-C 

and C-A test for derived relations with a score of 11 out of 12 trials correct. 

Participant 3 required 60 trials (5 blocks) to meet the criterion for A-B training. 

He subsequently passed the first exposure to B-A symmetry testing with 12 out of 12 

trials correct. He required 36 B-C trials (3 blocks) to meet criterion at 12 out of 12 

trials correct before passing the C-B symmetry test first time. Participants 3 required 

just 36 A-B, B-C mixed training trials (2 blocks) before passing the B-A, C-B test on 

the second exposure. He also passed the subsequent A-C and C-A test for derived 

relations with a score of 12 out of 12 trials correct. 

Participant 4 required 84 A-B training trials (7 blocks) before passing the B-A 

symmetry test first time. She required 36 B-C training trials (3 blocks) before passing 

the C-B symmetry test. This participant required just 12 A-B, B-C mixed training trials 

(1 block) to score 11 out 12 trials correct and passed the B-A, C-B test with a score of 

11 out of 12 trials correct. She then passed the A-C and C-A test for derived relations 

with a score of 11 out of 12 trials correct. 

Participant 5 required 96 A-B training trials (8 blocks) before passing the B-A 

symmetry test on the first exposure. She went on to pass the C-B symmetry test after 

72 B-C training trials (6 blocks) to meet criterion at 11 out of 12 trials correct. She 

passed the Mixed B-A, C-B test after 60 trials (5 blocks) and also passed the A-C and 

C-A test for derived relations. 

Overall, the maximum amount of training required for any one type of relation 

was 120 trials over two exposures to A-B training for Participant 1. For all other 

phases, Participant 1 required just one exposure to the train-test cycle. Participant 3 

required 36 trials over two exposures to the mixed B-A, C-B test. The other three 

participants required just one exposure to each test. The smallest number of training 

trials required was 12 for Participants 2 and 4 in the mixed training and testing. The 

relations tested in the mixed test had been trained and tested in the previous phases. 
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Figure 2.3. Participant 1-5 results for MTS Pre-training, A-B Training, B-A 

Testing, B-C Training, C-B Testing, Mixed A-B, B-C Training, Mixed B-A, C-B 

Testing and A-C, C-A Symmetry Transitivity Testing. 
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Category Training   

 From Table 2.2 it can be seen that the largest number of trials to criterion was 

108 by Participant 5. Participant 4 required the smallest number of training trials at 60. 

Participants tended to require the most training blocks at the gestural prompt stage of 

the hierarchy. However, Participant 5 completed this level after only two blocks but 

subsequently required 5 blocks at the independent level. 

 

Table 2.3. Experiment 1, Trials Correct to Criterion Category Training for 

Participant 1-5. 

Participant 

 

Full 

Physical 

Light 

Physical Gestural Independent 

Total 

Correct 

1 12 11 44 11 78/96 

2 12 12 32 11 67/84 

3 12 12 28 12 64/72 

4 12 12 19 11 54/60 

5 12 12 18 48 90/108 

 

Category Sort Testing 

The three categories chosen for Participant 1 were Insects, Fruit and Electrical 

(see Table 2.1 for actual stimuli). Nine stimuli were used for each of the three 

categories (27 stimuli in total). These consisted of the three stimuli in each category 

that had been trained and tested in the MTS procedure, and an additional six category 

members that not been used in the intervention but that had been tested in the pre-

experimental category sort test. Correct categorisation on the post-experimental 

category sort test could therefore be divided into three types; learned through the MTS 

training, known pre-experimentally and additional category members. 

The results of the category sort test showed that Participant 1 was able to 

correctly sort all nine stimuli that had participated in the MTS training (3 for each of 

the three categories). This indicated a transfer of the category function from the three 

C stimuli to their respective B and A stimuli. As expected, the participant also correctly 

sorted stimuli that had been successfully categorised during pre-experimental testing 

one from category insects and two from the fruit category. In addition, four further 
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stimuli in the insect category, four in the fruit category and five in the electrical 

category were correctly sorted.  

 Participant 1 incorrectly sorted just three of the 27 stimuli at post-testing. These 

were all untrained stimuli; two from the insect category (butterfly & ladybug) and one 

from the electrical category (camera). As can be seen in Figure 2.4 all three stimuli 

were pre-experimentally miscategorised with a stimulus that was chosen for use during 

MTS training. 

 

 

Figure 2.4. Pre-experimental category sort test for Participant 1. Category label 

on right shaded in a dark grey, stimuli correctly sorted at pre and post-

experimental testing in light grey. White boxes with solid grey border to the left 

of the category show the stimuli chosen for training. Below are the stimuli which 

were pre-experimentally paired at sort testing, light grey dashed box. 
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Pre-experimentally, the stimulus ‘butterfly’ was miscategorised into the 

clothing set paired with the trained A1 stimulus ‘ant’. The stimuli ‘ladybug’ was paired 

with the trained C1 stimulus ‘Grasshopper’ in the electrical set. Post-experimentally, 

the stimulus ‘butterfly’ and ‘ladybug’ were miscategorised into the category set 

electrical. The stimulus ‘camera’ was pre-experimentally miscategorised with the 

trained stimulus ‘TV’ in the category set fruit. At post-testing, the stimulus camera 

was miscategorised into the category clothing. This would seem to suggest that that 

the three stimuli miscategorised post-experimentally were not generalised to the 

control of the trained stimulus function.  

 The results of the sort test for all participants can be seen in Figure 2.5. The 

three categories chosen for Participant 2 were accessories, utensils and fruit. The 

results of the category sort test showed that Participant 2 was able to correctly sort all 

nine stimulus pictures that had participated in the MTS training. This indicated a 

transfer of the category function from the three C stimuli to the B and A stimuli. As 

expected, the participant also correctly sorted stimuli that had been successfully 

categorised during pre-experimental testing, one in the accessories category and two 

in the fruit category. An additional four stimuli in the accessories category, six stimuli 

in utensils, and four stimuli the fruit category, were also correctly categorised despite 

no pre-experimental knowledge or subsequent training. From accessories one stimulus 

‘scrunchie’ (fabric hair tie) was miscategorised at post-testing. The stimulus was not 

pre-experimentally miscategorised with a stimulus that was chosen for use during 

MTS training. Pre-experimentally, the stimulus ‘scrunchie’ was miscategorised into 

the fruit set paired with another member of the same category ‘bracelet’. Post-

experimentally the stimulus ‘scrunchie’ was miscategorised into the same category set 

fruit. However the previously paired stimulus ‘bracelet’ was correctly sorted in the 

category accessories.  

 The three categories chosen for Participant 3 were dairy, vegetables and 

furniture. Results of the category sort test (Figure 2.5) showed that Participant 3 was 

able to correctly sort all nine stimulus pictures that had participated in the MTS training 

and all stimuli that had been successfully categorised during pre-experimental testing 

(two from each category set). Three stimuli in the dairy, four in the vegetables and four 

in the furniture category were additionally correctly sorted. One stimulus from the 

dairy category ‘margarine’ was miscategorised at post-testing. This stimulus was pre-

experimentally miscategorised into the animal category, paired with the trained B1 
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stimulus ‘Swiss cheese’. Post-experimentally the stimulus ‘margarine’ was 

miscategorised into category set furniture. 

 For Participant 4, the three categories chosen were sweets (candy), vegetables 

and furniture. Nine stimuli were trained and tested for each of the three categories. 

Three stimuli that had been trained and tested in the MTS procedure and an additional 

six stimuli that had been tested in the pre-experimental category sort test. The category 

sort test results (Figure 2.5) showed that Participant 4 was able to correctly sort all nine 

stimulus pictures that had participated in the MTS training. This indicated a transfer 

of the category function from the three C stimuli to the B and A stimuli. Participant 4 

also correctly sorted one stimulus from sweets and one stimulus from furniture that 

had been successfully categorised during pre-experimental testing. An additional five 

stimuli in the sweets category set, five in the vegetables category and five in the 

category set furniture. Only one stimulus from the vegetable category ‘sweet corn’ was 

miscategorised at post-testing. The stimulus was pre-experimentally miscategorised 

with a stimulus that was chosen for use during MTS training. The untrained stimulus 

‘sweet corn’ was miscategorised pre-experimentally into the sweets category set, along 

with the trained B2 stimulus ‘peas’. Post-experimentally the untrained stimulus ‘sweet 

corn’ was miscategorised into category set furniture. 

 The three categories tested for Participants 5 were body parts, musical 

instruments and furniture. Nine stimuli were post-experimentally tested for each of the 

three categories consisting of the three for each category which had been trained and 

tested in the MTS procedure. An additional six stimuli for each category were those 

used in the pre-experimental category sort test. Post- experimentally correct 

categorisation could therefore be divided into three types; learned through the MTS 

training, known pre-experimentally and additional untrained stimuli from the category 

pre-testing. Participant 5 sorted all stimuli correctly at post-testing as can be seen in 

Figure 2.5. She was able to correctly sort all nine stimulus pictures that had participated 

in the MTS training; this again indicated a transfer of the category function from the 

three C stimuli to the B and A stimuli. As expected, she also correctly sorted two 

stimuli that had been successfully categorised during pre-experimental testing, one 

each in the body parts and furniture categories. In the sweets category an additional 

five stimuli were correctly sorted, five more in the vegetables category and five in the 

category set furniture. 
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 As can be seen from Figure 2.5 all participants demonstrated categorisation 

for the individualised real world categories that had been pre-experimentally identified 

as unknown to each individual. During match-to-sample pre-training the participants 

acquired the skills to operate the touch screen device with relative ease and only two 

participants required a second block of training. All participants passed the 

computerised training and testing phases, the largest number of training trials to 

criterion for all training and test phases required were for Participant 1 (396 trials) the 

least was for Participant 2 (156 trials). Participant 3 and 4 required exactly the same 

amount of trials to criterion across training and testing phases (204 trials) and 

Participant 5 required 300 trials. 

 

Figure 2.5. Category sort test results for all participants showing the stimuli 

correctly sorted out of nine for each set that had been chosen for training. Results 

show the three stimuli chosen for training, the stimuli that were pre-experimental 

correctly sorted and additional untrained relations which were sorted correctly 

at post-testing. 



Chapter 2 Study 1 

55 

 

 The category training which followed trained the corresponding category 

labels (e.g., animals) to each of the three C stimuli (e.g., C1 dog). All participant passed 

this training phase, the highest trials to criterion being required by Participant 5 (102 

trials) and the lowest Participant 4 (60 trials). Upon returning to the category sort test 

which again tested the nine pre-experimentally tested stimuli a transfer of category 

function from the C stimuli to the A and B stimulus was demonstrated. This was the 

case for all three equivalence classes for each participant. At post-testing, additional 

untrained stimuli were also correctly sorted, one suggestion for this is provided for by 

Galizio et al. (2004), the transfer of category membership may have generalised to the 

other pre-experimental unknown and untrained stimuli. 

 

Language Assessment: PLS-4 

 This test involved the reintroduction of the same pre-experimental language 

assessment allowing a comparison of language scores pre and post-experimentally. 

The purpose of the follow up test was to determine if the children made gains outside 

of those normatively expected which may indicate a correlation between the EBI 

procedure and language ability. Such a finding may have implications for future 

research directions to specifically explore a language correlation with EBI procedures. 

However it must be noted that for validity purposes a minimum of six months should 

be allowed between testing. Due to time constraints regarding access to participants 

these tests were re-introduced at three months during Experiment 1 only and therefore 

and any findings in the post-experimental language assessment in Experiment 1 do not 

meet the validity guidelines due to practice effects. Additionally the children were 

engaged in education programs and therefore it is not claimed that any effects seen are 

of a direct result of the program. The age normative scores for all participants at pre 

and post-testing can be seen in Table 2.3. Interestingly, Participants 3 and 5 

demonstrated a lower score in the receptive subsection raw scoring at post-testing. 

Participant 2 showed the highest gains across raw and standard scores. Increases were 

additionally found for Participants 1 and 4. The participant who made the least gain 

was Participant 5 who showed no change in the total raw and standard scores at post-

experimental testing. Results of the language assessment for all participants are 

represented in Table 2.3.
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Table 2. 4. Experiment 1, Results of Pre and Post-Experimental Language Assessment for Participant 1-5. 

 

  Pre-experimental Language Assessment Post-experimental Language Assessment  

Composite Participant Age Raw 

Score 

Standard 

Score 

Age Equivalent Age Raw 

Score 

Standard 

Score 

Age 

Equivalent 

Total Language 1 4:3 108 103 4:2 4:6 117 104 4:10 

Receptive  - 53 104  - 57 106  

Expressive   - 55 102   60 102  

Total Language 2 4:6 109 195 4:3 4:9 125 123 5:9 

Receptive  - 53 93  - 61 124  

Expressive   - 56 91   64 118  

Total Language 3 4:2 103 93 3:10 4:5 104 94 3:11 

Receptive  - 54 95  - 50 92  

Expressive   - 52 92   54 98  

Total Language 4 4:8 106 194 4.0 4:10 119 205 5.0 

Receptive  - 52 106  - 57 106  

Expressive   - 54 86   59 99  

Total Language 5 4:2 103 93 3:10 4:5 104 94 3:11 

Receptive  - 54 95  - 50 92  

Expressive   - 52 92   54 98  
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 Figure 2.6 displays the mean standard scores (+/− 1 SD) on the subscales of 

the PLS-4. As expected with a neurotypical population, performance was within the 

normative sample range for receptive and expressive standard scoring: PLS Auditory 

Comprehension (M = 98) at pre-experimental testing and (M=104) at Post-

experimental testing. PLS Expressive Communication (M = 92.6) at pre-experimental 

testing and (M=103) at Post-experimental testing. The PLS Total Language (M = 

135.6) at pre-experimental testing and (M=124) at Post-experimental testing. In other 

words, as a group, the children in this sample did not present with clinically significant 

delays in language development. 

 

 

Figure 2.6. Mean standard scores (+ 1 standard deviation) on the language 

measures. The solid line indicates normative language scores of typically 

developing children; the dashed lines indicate the boundaries of clinical 

significance. 
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Summary Experiment 1 

 

 The data suggest that this procedure may offer a quick way to effectively 

target skills that are individualised to address skill deficits in children or to bring skills 

that are splintered together. A key marker of children with ASD is that spoken 

language is often delayed or absent, therefore a procedure such as the one discussed 

here could be used as an effective teaching procedure for such a population. In addition 

the findings extend investigation of derived responding through the use of training an 

auditory category label to the C stimulus which then demonstrated transfer to 

additional class member that were not directly trained or derived through the 

computerised MTS procedure. The use of the touch screen which was easily trained in 

a normative population removes the need to additionally train responding skills such 

as, mouse or keyboard movements. This is an important factor when considering the 

application to developmentally delayed populations such as those with ASD whom 

often present with fine and gross motor delays. Experiment 2 was therefore conducted 

to investigate the effectiveness of the current procedure in young children with ASD. 

 

Experiment 2 

 

 Research examining equivalence class formation in children with a diagnosis 

with ASD has produced a surprisingly small body of work. Indeed, few experiments 

have compared the emergence of untaught equivalence relations with people with ASD 

with that of neurotypical children (Maguire, Stromer, Mackay & Demis, 1994; McLay 

et al, 2014; O’Connor, Barnes-Holmes, Barnes-Holmes, 2011; O’Connor, Rafferty, 

Barnes-Holmes, Barnes-Holmes, 2009). Researchers have generally reported while 

neurotypical children demonstrated the formation of equivalence classes with relative 

ease, there is by contrast variability in the ability of those with ASD to demonstrate 

the emergence of untaught equivalence relations. O’Connor et al. (2009) provided 

evidence that when participants with ASD had high levels of verbal competence there 

was little difference between performances with neurotypical counterparts. However, 

when participants with ASD did not demonstrate advanced language abilities 

additional instruction was required for equivalence class formation to occur. In a later 

study O’Connor et al. (2011) these variable performance levels were remediated 

through multiple exemplar training and explicit teaching of correct and incorrect 
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responses. The methodology used in the current study was designed in a manner which 

meant that verbal responding was not a pre-requisite skill for the children to take part. 

Experiment 2 therefore examined the efficacy of the program in young children with 

a diagnosis of autism. 

  

Method 

Participants 

 Three Participants with a diagnosis of ASD were recruited from a specialised 

early intervention preschool. One participant was excluded prior to commencing pre-

experimental tasks following consult with the parent and school staff as the inclusion 

criteria was not met. The inclusion criteria for participation included good receptive 

language, no major visual or motor problems and no pre-existing knowledge of the 

categories to be trained. Two participants took part in the study, Participant 1 was a 

male aged 4 years 7 months presented with no behavioural problems, he used three to 

five word sentences in his spoken communication. Participant 2 was also male aged 3 

years 11 months, used the picture exchange communication system at a one picture 

level to communicate his wants and needs, he also used pre-verbal behaviour such as 

gestures and guidance towards requested items. He presented with some self-

stimulatory behaviours such as repetitive vocalizations of sounds and hand mouthing. 

Both participants had attended the preschool service for approximately one year. 

 

Settings and Materials 

 All experimental sessions took place twice weekly within the early 

intervention preschool. For each participant the session duration was a maximum of 

30 minutes inclusive of breaks. All experimental sessions took place in a quiet area 

located beside the participants’ classroom. The area was large and bright with windows 

to one side; no furniture was present other than a small table and two chairs. The setting 

differed to Experiment 1 which took place within the participants’ classroom. 

The materials used were the same as for Experiment 1 with the exception of 

the pictures which were once again, tailored to each participant (see Table 2.5). 

Nonetheless, the stimuli were the same size as in Experiment 1 and were sourced from 

the same software. 
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Table 2.5. Experiment 2, Category sets and stimuli for Participant 1 and 2. 

Participant Stimuli 

Set 1 Set 2 Set 3 

Insects Transport Body parts 

 A Bee Plane Teeth 

Participant 1 B Ant Lorry Toes 

 C Worm Motorbike Hand 

  Toys Clothes Animals 

 A Puzzle Coat Cat 

Participant 2 B Slinky Socks Cow 

 C Slide T-shirt Hen 

 

Procedure 

 All experimental phases were exactly the same as for Experiment 1 with the 

exception that a six month gap was left between language assessments. The 

intervention began with two pre-experimental tests consisting of an assessment of 

language ability PLS-4 and a category sort test. Seven computerised phases were 

employed and these were followed by a table top category training procedure. Post-

experimental tests consisted of the re administration of the language assessment and 

category sort test. 

Results 

 

MTS Pre-training 

 Participant performance in all MTS phases of the experiment can be seen in 

Figure 2.7. Participant 1 required two exposures to the MTS pre-training before 

meeting criterion to move on to the experimental sessions. Participant 2 required three 

exposures. 

 

MTS Training and Testing 

 Participant 1 required 124 trials (12 blocks) in order to meet the A-B training 

criterion of correct responding on 11 out of 12 trials in a block. This participant failed 

the B-A test for the emergence of symmetry relations (score of 8 /12). Following a 

second exposure to training (36 trials), he passed the B-A test with a score of 11 out 
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of 12 trials correct. The criterion for B-C training was met after exposure to 180 trials 

(15 blocks); he subsequently passed the C-B test for the emergence of symmetry 

relations at the first exposure. Participant 1 required 108 trials (9 blocks) at A-B, B-C 

mixed training before passing the mixed test on the first attempt with a score of 11 out 

of 12 trials correct. The participant went on to pass the A-C and C-A test for derived 

relations. 

 Participant 2 required 240 trials (20 blocks) of A-B training in order to meet 

the criterion of correct responding at 12 out of 12 trials correct. He subsequently passed 

the B-A symmetry test at 11 out of 12 trials correct. B-C training required 312 trials 

(26 blocks) to meet criterion to progress to the test which he failed on the first attempt 

with a score of 9/12 trials correct. Following an additional 36 trials (3 blocks) at B-C 

training the participant passed the C-B test on the second attempt. The participant 

required 96 trials (8 blocks) at A-B, B-C mixed training to meet criterion with a score 

of 11 out of 12 trials correct. He failed the mixed test with a score of 10/11 trials correct 

and returned to training. A further 36 trials (3 blocks) were required before the 

participant returned to Mixed testing which he passed with a score of 11 out of 12 trials 

correct. He then passed the A-C and C-A test for derived relations with a score of 11 

out of 12 trials correct. 

Overall, Participant 2 required the greatest amount of training for any one type 

of relation, 348 trials over two exposures to B-C training. The lowest number of 

training trials required was 108 for Participant 1 in the mixed training and testing. The 

relations tested in the mixed test had been trained and tested in the preceding phases. 
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Figure 2. 7. Participant 1 and 2 results for MTS Pre-training, A-B Training, B-A 

Testing, B-C Training, C-B Testing, Mixed A-B, B-C Training, Mixed B-A, C-B 

Testing and A-C, C-A Symmetry Transitivity Testing. 

 

Category Training 

 From Table 2.6 it can be seen that the largest number of trials to criterion were 

408 for Participant 2. Participant 1 required 276 training trials. Participants required 

the most training blocks at the gestural and independent prompt stages of the hierarchy. 
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Table 2.6. Experiment 2 Total Trials Correct to Criterion Category Training for 

Participant 1 and 2. 

Participant 

 Full Physical Light Physical Gestural Independent 

Total 

Correct 

1 12 11 102 70 195/276 

2 12 12 32 11 261/408 

 

Category Sort Testing  

The three categories chosen for Participant 1 were insects, transport and body 

parts (see Table 2.4 for exact stimuli). Nine stimuli were tested for each of the three 

categories (27 stimuli in total). These consisted of the three stimuli in each category 

that had been trained and tested in the MTS procedure and an additional six category 

members that had not been used in the intervention but that had been tested in the pre-

experimental category sort test. Correct categorisation on the post-experimental 

category sort test could therefore be divided into three types; learned through the MTS 

training, known pre-experimentally and additional category members (see Figure 2.8). 

 

 

Figure 2.8. Category sort test results for all participants showing the stimuli 

correctly sorted out of nine for each set that had been chosen for training. Results 

show the three stimuli chosen for training, the stimuli that were pre-experimental 

correctly sorted and additional untrained relations which were sorted correctly 

at post-testing. 
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 The results of the category sort test showed that Participant 1 was able to 

correctly sort all nine stimuli that had participated in the MTS training (3 for each of 

the three categories). This indicated a transfer of the category function from the three 

C stimuli to their respective B and A stimuli. As expected, the participant also correctly 

sorted stimuli that had been successfully categorised during pre-experimental testing; 

two from the category insects and one from transport and one from the body parts 

category. In addition, he correctly sorted four further stimuli in the insect category, 

four in transport and five in the body parts category. Participant 1 incorrectly sorted 

just one of the 27 stimuli at post-testing. The stimulus (boat from the category 

transport) was one which had not been pre-experimentally paired with any stimuli 

chosen for training. Pre-experimentally the stimulus ‘boat’ had been placed in the 

insect category and post-experimentally it was placed in the category fruit. 

 The three categories chosen for Participant 2 were toys, clothes and animals. 

Participant 2 was able to correctly sort all nine stimulus pictures that had participated 

in the MTS training at post-category sort testing. This indicated a transfer of the 

category function from the three C stimuli to the B and A stimuli. As expected, he 

correctly sorted stimuli that had been successfully categorised during pre-experimental 

testing; one in each category, toys, clothes and animals. An additional two stimuli in 

the toys, five stimuli in clothes, and two stimuli the animals category were also 

correctly categorised despite no pre-experimental knowledge or subsequent training. 

Three stimuli from both the toys and animal category sets were miscategorised at post-

testing. The three stimuli were pre-experimentally miscategorised with a stimulus that 

was chosen for use during MTS training. For the category toys, two stimuli pre-

experimentally were placed in the food category. Two stimuli ‘ring stacker’ and ‘shape 

sorter’ were paired with the trained C1 stimulus ‘slide’. At post-testing they were again 

miscategorised together into the fruit category however the trained stimulus ‘slide’ 

was correctly categorised. An additional stimulus ‘doll’ had pre-experimentally been 

placed with the trained B1 stimuli ‘slinky’ and another additional stimulus ‘spinning 

top’, both were miscategorised in the category animals. At post-testing the stimulus 

‘doll’ was again miscategorised into the animal category, however the trained B1 

stimulus ‘slinky’ and the additional stimulus ‘spinning top’ were correctly categorised 

into toys. 

 The three stimuli from the animals’ category miscategorised at post-testing 

were ‘pig’, ‘mouse’ and ‘bunny’. At pre-experimental testing ‘pig’ and ‘mouse’ were 



Chapter 2 Study 1 

65 

 

paired with the trained C3 stimuli ‘hen’ in the category food. The stimuli ‘bunny’ was 

paired with the trained B1 stimulus ‘cow’ and an additional stimulus from the animals’ 

category ‘sheep’, these were miscategorised in the clothing category. Post-

experimentally, ‘pig’ and ‘mouse’ were once again miscategorised in to the category 

food, the trained C3 stimulus ‘hen’ was correctly categorised in animals. The stimulus 

‘bunny’ was miscategorised into the category food at post-testing, however the trained 

B3 stimulus ‘cow’ and the additional ‘sheep’ were correctly categorised in animals. 

Both participants demonstrated categorisation for the trained and pre-experimentally 

known stimuli. In addition Participant 1 correctly categorised an additional 13 

untrained stimuli and Participant 2 correctly categorised an additional ten untrained 

stimuli. It is most likely that these additional untrained stimuli were sorted based on 

their pre-experimental association with trained stimuli. Both participants in 

Experiment 2 demonstrated the formation of equivalence classes for real world 

individualised categories through the use of the modified matching-to-sample 

procedure. Both participants additionally demonstrated a transfer of category function 

from the C stimulus to the A and B stimulus. In the post categorisation testing 

additional stimuli were correctly sorted for all three categories. For Participant 1, a 

greater number of additional stimuli were sorted correctly at post-testing suggesting 

generalisation of the category function to previously miscategorised paired stimuli. 

While Participant 2 did demonstrate categorisation of additional stimuli, there was a 

significantly lower number for two of the categories tested. 

 

Language Assessment 

 Age normative scores of the language assessment (PLS-4) for Participant 1 and 

2 can be seen in Table 2.7. Post-experimental testing was conducted following a six 

month interval and both participants demonstrated increases in both receptive and 

expressive subsection raw scoring. Overall, the results support previous research that 

demonstrated the formation equivalence classes through the use of visual or auditory-

visual stimuli in individuals with minimal verbal skills (Barnes et al., 1990; 

Grozkreutz, 2010; LeBlanc et al., 2003). Figure 2.9 displays the mean standard scores 

(+/− 1 SD) on the subscales of the PLS-4. As is typical in samples with children with 

a diagnosis of ASD, performance was variable across children and language abilities 

were both significantly lower than the normative sample mean and outside the average 

range: PLS Auditory Comprehension (M = 55) at pre-experimental testing and 
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(M=54.5) at Post-experimental testing. PLS Expressive Communication (M = 54.5) at 

pre-experimental testing and (M=55.5) at Post-experimental testing. The PLS Total 

Language (M = 82) at pre-experimental testing and (M=83) at Post-experimental 

testing. In other words, as a group the children in this sample had clinically significant 

delays in language development. 

 

Figure 2.9. Mean standard scores (+/- 1 standard deviation) on the language 

measures. The solid line indicates normative language scores of typically 

developing children; the dashed lines indicate the boundaries of clinical 

significance. 
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Table 2.7. Experiment 2, Results of Pre and Post-Experimental Language Assessment for Participant 1 and 2. 

  Pre-experimental Language Assessment Post-experimental Language Assessment   

Composite Participant Age Raw Score Standard Score Age Equivalent Age Raw Score Standard Score Age Equivalent 

Total 

Language 
1 4:7 79 109 2:7 5:1 90 111 3:1 

 

Receptive  - 39 55  - 44 55   

Expressive  - 40 54  - 46 56   

Total 

Language 
2 3:11 41 55 1:2 4:6 46 55 1:4 

 

Receptive  -  32  55  -  34  54  

Expressive  -  9  55  -  12  55  
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General Discussion 

 

 The current research expanded on the existing EBI literature by tailoring 

category skills to each individual participant rather than teaching generic skills across 

participants. The current methodology was successful in teaching previously 

unknown, real world categories that were functionally relevant to participants. In both 

experiments, all participants successfully passed all training and testing phases without 

any need for remedial action. This is particularly interesting given that participants in 

Experiment 2 all had a diagnosis of ASD and language abilities below the age norm. 

Furthermore, all participants categorised the stimuli that were pre-experimentally 

known, targeted for training during match-to-sample phases and also additional 

untrained stimuli at post-testing. 

 The use of portable touch screen devices, such as the one employed in the 

current study, is increasing among preschool populations and there are many touch 

screen educational applications aimed at these ages groups. While the use of fixed 

touch-screens have been documented within the literature (Arntzen & Holtz, 1997; 

Saunders et al., 1999) the current study has however, added to the limited published 

research (Still et al., 2015) demonstrating the effectiveness of portable devices. Indeed 

similarly to Still et al. all participants in the current study had previous exposure to 

touch screen technology with the exception of P4 in Experiment 1. This meant that 

training participants in the response mode was very quick. Comparable studies using 

fixed computers and a computer mouse as a response device have reported 

considerable difficulties with point and click responses and duration of training 

required by young children with and without developmental delays (Hourcade et al., 

2008; Shimizuet al., 2010). The current study provides an important step in 

disseminating research on evidence based teaching protocols using methodologies 

which incorporate portable touch screen technology. Future programs need not be 

confined to experimental or educational settings as such technology provides a 

platform for across setting such as in the home or perhaps within group activities. 

 Although participants across both studies demonstrated emergence of 

equivalence classes, there were clear differences in the number of trials required to 

meet mastery criterion for both match-to-sample and category training phases. In the 

computerised match-to-sample training the maximum number of trials required in 

Experiment 1, with the neurotypical population, was by Participant 1 (126 trials), 
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however in Experiment 2, with children with ASD, Participant 2 required 780 trials to 

complete all match-to-sample phases. The high level of trials required by those 

participants with ASD was expected, based on findings reported in studies using 

similar populations (LeBlanc et al, 2003). In Experiment 1, Participant 5 required the 

highest level of 90 trials, while in Experiment 2 Participant 2 required 408 trials. The 

data from the A-B, B-C mixed training and testing phases show that only Participants 

2 and 4 in Experiment 1 passed this phase on the first attempt. Even though the 

participants were being trained and tested on previously trained relations A-B and B-

C, all other participants from both experiments required additional training blocks. 

This failure to pass these phases on the first attempt does provide some evidence that 

performance must be established using more stringent mastery criterion before tests 

for equivalence take place (Arntzen & Holth., 2011; Devany et al., 1986). The 

difference in the maximum number of training trials required across experiments was 

also noted in the table top category training phase. 

 The children who participated in the current study may have had a pre-

experimental history of encountering many of the experimental stimuli in their day to 

day life. Thus the use of the pre-experimental category testing to identify 

individualised previously unknown categories for each participant was an important 

experimental control in the current study. Strict exclusion criteria were employed in 

the pre-test. Due to the type of stimuli and the age of the participants this was of 

particular importance as the children may have sorted the stimuli correctly together as 

a category but under an incorrect name. For both experiments, knowledge acquisition 

demonstrated during match-to-sample and category training phases showed that the 

stimuli chosen for each participant were indeed not associated pre-experimentally. 

Specifically, no participant passed Phase 1 the first time and all demonstrated clear 

progression of knowledge following each training phase. 

 Although the category sort test appeared to be successful in identifying 

categories unknown to the participants, it also meant that two stimuli from a given 

category could be paired within the same container – either the correct category 

container or an incorrect one. If this was the case, then only one of those stimuli was 

chosen for inclusion in the trained conditional discriminations. As a result of this pre-

experimental pairing, it was expected that category membership would generalise from 

the stimuli chosen for training to those that had been paired pre-experimentally but not 

trained. Indeed, at post-experimental testing all participants did correctly sort 
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additional category members which had been tested pre-experimentally but had not 

participated in the equivalence classes. Occasionally, generalisation to untrained 

category members was expected but not seen; one explanation for this is the 

generalisation of the category function based upon commonality of perceptual 

features. Additionally, these generalisation effects and errors demonstrated within the 

current study are reflective of those which have been demonstrated in young 

populations across disciplines (Murphy, 2002).  

One other aspect to consider is that the sort test was closed in that the names 

and containers were given to the participants, they did not have a means to sort stimuli 

which the participants may have grouped as a different type of sub category (Fields, 

1991). However it should be noted that the structure of the test did employ strict 

exclusionary criteria which accounted for the possibility of the children sorting the 

cards as they may in an open test. Other means such as a mixed test for conditional 

discriminations could be examined in future research as a means to identify unknown 

stimuli. The current study has demonstrated that EBI is an effective way to establish 

real world categories to young children with and without ASD. The ability to tailor the 

programme to target individualised skills in these populations means that the skills 

taught are functional for the learner. As emphasised by Still et al., (2015) the ease of 

training the response system is of particular interest, and offers further opportunity to 

examine very young children and children with a variety of disabilities. 



 

 

 

Chapter 3 (Study 2): A Preliminary Evaluation of a Computerised Matching-to-

Sample Programme for Teaching Real World Categories to Typically 

Developing Young Children 
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Research has demonstrated the effectiveness of Equivalence Based instruction 

(EBI) as an ecologically valid method, in terms of learning outcomes it is nevertheless 

important to compare the efficacy of such EBI procedures with long standing existing 

teaching methodologies. For any teaching methodology to have true transfer to real 

world educational settings additional questions must be answered. These questions 

relate to the level of time and effort on the part of the educator, outcomes in terms of 

learning for students in comparison to teaching mythologies which are currently 

favoured. Currently no known published research has attempted to compare EBI with 

an existing applied teaching methodology. The main aim of the current study was 

therefore to compare EBI with one such alternative; the Montessori Method. The 

Montessori Method is one of the oldest and most recognised evidence based 

educational methods in early childhood education. Development of the Montessori 

Method research, originally examined the intellectual development of children with 

intellectual delay before extending its application to neurotypical children. Today the 

method is applied across all populations (Lillard, 2012; Montessori, 1964). Estimates 

indicate that approximately 4,000 private Montessori schools operate within the 

United States (Lillard; Cossentino, 2005); however, this data does not disclose the age 

range of children. There are around 700 Montessori schools and nurseries in the UK, 

all of which are members of the Montessori Schools Association (Montessori.org.uk, 

2015). The number of Montessori schools worldwide is estimated at 20,000 

(Montessori-namta.org, 2015) however, this figure should be taken tentatively. 

In 2005 it was estimated that approximately 500 Montessori Schools were in 

operation in the Republic of Ireland ('Leading early years education', 2005). Current 

figures taken from the State Child and Family Agency (TULSA) registry indicated that 

10 years later, in 2015, there are approximately 1039 Montessori preschools catering 

for children up to six years of age currently in operation across 26 counties (Tusla.ie, 

2015). There are an additional 12 schools which cater for children up until age 12 

currently listed (Montessorialliance.ie, 2015). No information could be retrieved on 

Montessori based school placements for children over the age 12 in the Republic of 

Ireland. The increases in Montessori provision in the Republic of Ireland indicate a 

growing popularity of this as an educational environment for young children. This 

popularity appears to be supported by studies of efficacy.  Lillard and Else-Quest 

(2006) provided evidence that a Montessori education when strictly implemented 

promotes equal or superior social and academic skills to those promoted by another 
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traditional form of education. The authors compared two age groups totalling 53 

controls and 59 Montessori students across two age groups 5 years old and 12 year 

old, the control children attended a variety of non-Montessori schools. It was found 

that the children who attended the Montessori setting performed better on standardised 

testing across reading and mathematics. Additionally, the children were also found to 

engage more in positive social interaction in play situations and showed advanced 

social cognition and executive control (Lillard & Else-Quest). 

The figures available within the Republic of Ireland, however, do not do not 

differentiate if a school uses a mixed methods approach which incorporates some 

aspect of the Montessori methodology versus solely a Montessori approach. Lillard 

(2012) attempted to account for research inconsistencies that are found regarding 

Montessori outcomes. One possible explanation which Lillard discussed is variation 

in Montessori implementation fidelity. Within this context, fidelity of implementation 

refers to how well a program is implemented relative to the original or the ideal. In 

this study Lillard compared three programs for preschool-age children (N = 172). The 

three programs examined were high fidelity (Montessori only program), lower fidelity 

(Montessori used as a supplementary program with conventional programs) and 

conventional education programs alone. The children were tested across a variety of 

social and academic skills. The results found that the children in high fidelity 

Montessori programs showed significantly greater school-year gains on outcome 

measures of executive function, reading, mathematics, vocabulary, and social 

problem-solving, as compared with children in lower fidelity and conventional 

programs. The results of this study suggest that high fidelity Montessori 

implementation is associated with better outcomes than lower fidelity Montessori 

programs or conventional programs. What is evident from the body of research is a 

focus on outcomes over long periods of time (Lopata, Wallace and Finn, 2005; Cox & 

Rowlands, 2000; Krafft & Berk, 1998; He, Yan, Zuo, Liu & Zhang, 2009). 

 Similarly to Applied Behaviour Analysis, the Montessori Method has a strong 

emphasis on the environment, stressing the adaptation of this environment to the 

learners’ individual developmental level. The role of physical activity in learning is 

emphasized across both academic and physical skills (Johnson & Nelson, 2009). 

Unlike behavioural teaching methods, which rely upon data based decisions and 

adaptations within educational programs, the Montessori Method relies upon teachers 
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(known as a “director”, “directress”, or “guide”; Lillard, 2012) to support the learners' 

self-directed activity through clinical observation. A key characteristic of the 

Montessori Method is a focus on self-directed activity. Particularly within the 

preschool-age setting, self-directed learning on the part of the child is a distinguishing 

feature. Following the introduction of the learning materials, the teacher subsequently 

remains a ‘silent presence’ in the environment, allowing for self-directed learning on 

the part of the child. Types of learning activities cover a variety of domains which 

include, fine and gross motor development through what is known as Practical Life, 

Sensorial (sensory and brain development), Language, Mathematics, Geography, 

Science and Art. The held premise is that children learn through discovery and 

therefore didactic materials which facilitate self-correcting are favoured for use 

(Montessori, 1964). 

While outcome measurements over long durations are essential, it is also 

imperative to establish the direct and immediate effect or none-effect that any teaching 

method has on learning. The purpose of this study is to compare a behaviour analytic 

teaching methodology with a Montessori methodology which undoubtedly will result 

in challenges arising. One key challenge that presents in such a comparison lies within 

measurement. In direct contrast to behaviour analytic methodologies, interim 

traditional measurements of achievements such as grades or tests do not fit within the 

Montessori approach of self-directed learning. That is not to say that feedback on 

performance is not provided, it however, tends to take the form of qualitative analysis 

usually as a list of skills, activities and critical points. In some cases a reporting 

structure is provided giving a narrative of the child’s achievements, strengths and 

weakness with an emphasis on improvements regarding areas of weakness. An 

additional difficulty regarding measurement arises in relation to when a child should 

progress with a task. Within the Montessori Method, progress is monitored through 

observation and is open to subjective interpretation. Also no set criterion of 

measurement is available which would enable remedial action or progression, the skill 

is repeated over time until the child demonstrates the whole skill. 

Vargas (2013) recently discussed how the similarities between the structures 

of the Montessori teaching steps “periods” are comparable to the format of discrete 

trial teaching (p. 196). Indeed even more importantly every skill required is directly 

taught to the children. A key characteristic of stimulus equivalence is that by teaching 

just a few relations, derived or untrained relations emerge. Prior to their published 
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work on statistical inferences (Critchfield & Fienup, 2010; Fienup, & Critchfield, 

2011; Fienup, Covey & Critchfield, 2009) a brief examination which described factors 

outside of an experimental design (e.g. taking part in the on a Friday versus Monday) 

which resulted in systematic variance occurred, Critchfield and Fienup (2013). Worthy 

of note this study examined the differences between groups of undergraduate students 

(n54) who were assigned to one of two groups, the emergence expected and the taught 

everything group. This study although conducted with an adult population is of interest 

as within the Montessori Method, children are taught everything. Similar to later 

translational work exclusion criterion was set at scoring over 70% correct on a pre-

test. Training and testing consisted of a match-to-sample procedure conducted at 

individual computer workstations in a classroom. The stimuli employed were printed 

text based on the concepts of inferential statistics and hypothesis testing. 

Three lessons were conducted, each lesson consisted of several phases and 

students were required to meet a mastery criterion before moving to the next task and 

as such no student could complete the lessons without mastering the content. In the 

taught everything procedure students directly practiced all of the relations that the 

other group was expected to show. In the emergent relations procedure students 

practiced selected conditional relations that were expected to result in emergent ones. 

Critchfield and Fienup (2013) emphasise that “this comparison was selected because 

it is widely assumed that emergent relations procedures create the same repertoires as 

teaching everything, but with a substantial savings of training investment” (p. 3). The 

authors furthermore stress that limited research to verify such claims exists (Critchfield 

and Fienup; Taylor & O'Reilly, 2011). The results of this brief experiment found that 

collectively, students in the emergent relations group scored near chance on the 

conditional relations, this is of particular interest as during training only two 

comparisons were presented which meant that they had 50% change of correct 

responding. Critchfield and Fienup discuss how systematic variance occurred only 

under the emergent relations procedure which suggests that the taught everything 

procedure built repertoires that were more stable. Due to the level of chance 

responding seen in the data, the authors could not make any conclusion as to whether 

one procedure was more efficient that the other. 

The MTS methodology used within the current study has already shown to be 

effective at establishing functional real world categories across two different 

populations of young children in Chapter 2. The Montessori teaching protocol used 



Chapter 3 Study 2 

76 

 

within the current research program has therefore been modified to attempt to control 

for measurement difficulties while still attempting to account for and being respectful 

of the philosophical underpinnings of the approach. This modification employed 

effects data measurement only which will enable us to compare the behaviour analytic 

method with the Montessori Method to ascertain if the program has application in 

mainstream educational settings. Firstly, the present study will focus on a specific 

teaching protocol from each method in order to determine if differences in terms of 

speed of concept acquisition could be found, secondly, by examining differences in 

the number of newly gained skills found for each participant. 

  

Method 

 

Participants 

Eleven typically developing preschool-age children were recruited to part in the 

study. Two participants did not complete the study, one dropped out following Pre-

experimental test 1 and a second was excluded at Phase 1 in Teaching protocol 1: 

Phase 1 due to exhibiting distress following consultation with the research team, 

school and parent. Nine children (see Table 3.1 for detailed participant information.) 

who attended a day and afterschool service took part in the study. The inclusion criteria 

for participation included good receptive language, no major visual or motor problems 

and no pre-existing knowledge of the categories to be trained determined through pre-

experimental testing. All participants had attended the preschool service for at least 

one year. All the participants spoke English as their first language. 
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Table 3.1. Participant demographics. 

Participant Number Gender Male/Female Commencement Age 

1 M 3 years 2 months 

2 F 3 years 3 months 

3 F 4 years 4 months 

4 F 4 years 3 months 

5 M 4 years 5 months 

6 M 3 years 1 month 

7 M 4 years 1 month 

8 F 3 years 6 months 

9 M 3 years 6 months 

Ethics 

All ethical information was identical to the ethical information in Chapter 2 and a 

copy of the approved ethical application can be found in Appendix C. Duplicates 

information contained in the ethical application appendices such as PLS information 

and visual textual boards have not been included as they are provided in Appendix A. 

 

 Settings and Materials 

All participants were trained and tested individually across two teaching 

protocols. Teaching Protocol 1 was the computerised match-to-sample (as outlined in 

Chapter 2) and Protocol 2 was the Montessori Method. Experimental sessions took 

place three times a week and session duration was set at a maximum of 30 minutes 

inclusive of breaks. All experimental sessions took place in the preschool class room 

in a small quiet area located in the corner used for individual work sessions. The other 

children and two teachers were present in the room engaging in daily activities. 

All materials as described in Chapter 2 were again used for Protocol 1. In 

addition the same picture card (5x5cm) representing the experiment was shown 

directly to participants as one was not used in the school. The picture showed a 

computer with the word work written underneath. The same yellow ‘break’ card 

(8x5cm) was used so participants had an additional means of communicating any 

discomfort. The same token economy system was additionally used. A standard 
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countdown timer was also used to record teaching time and to ensure consistent time 

with reinforcers. 

 A two choice preference assessment was conducted using a variety of 

developmentally appropriate toys. Access to highly preferred reinforcers was 

contingent upon performance during training, each token earned equated to 30s of 

play. However, secondary reinforcers identified as having low to medium value were 

presented for one minute if no tokens had been earned. Pictures of the reinforcers were 

affixed to a board later presented as choices of reinforcers to participants following an 

experimental training block. A visual and textual story board as in Chapter 2 was used 

to explain the process of the each Teaching Protocol and the token system to each 

participant at the beginning of each session. 

 

General Procedure 

The general procedure used during the experiment consisted of two pre-

experimental tests, exposure to the two Teaching Protocols, followed by two post-

experimental tests. This was a within participants design and all children were exposed 

to both Teaching Protocols. Specifically, half of the categories were trained using 

Teaching Protocol 1 (TP1) and the other half using Teaching Protocol 2 (TP2). 

However the order of exposure to the teaching protocols was counterbalanced across 

participants. For ease of communication, the procedure will be outlined as Teaching 

Protocol 1 first, followed by Teaching Protocol 2. 

 

Language Assessment 

As in Chapter 2, the standardised and norm referenced assessment of language 

used for Pre and Post-Test 1 was the Preschool Language Scale – Fourth Edition (PLS 

– 4; Zimmerman, Steiner, & Pond, 2005). 

 

Pre-experimental Category Sort Test 

The second pre-experimental test was a category sort test. The purpose of this 

test was to identify, for each participant, three categories of which they had little or no 

knowledge for each Teaching Protocol. This ensured that the programme was tailored 

to each participant’s individual needs and that categories did not overlap across 

Teaching Protocols. During the category sort task, the participant was required to sort 

27 picture cards once into three corresponding categories (9 cards per category). A 
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forth container was presented and given a category label although no stimuli from this 

category were tested. This was introduced as an additional means of controlling for 

pre-experimental known stimuli and to reduce the number of stimuli from anyone 

category being paired together in the same container. Participants were tested across a 

number of categories until six sets had been identified as meeting criteria. Those 

categories identified were finally tested as a set of three to ensure that they still met 

criteria and ensure minimal overlap in topography of images. 

During the category sort task, the participant sat at a table upon which four 

containers were placed. The researcher sat out of view behind to the right or left side 

of the participant. Participants were given the following instructions, “I want you to 

sort these pictures into these containers.” The researcher then pointed to each container 

and named what category was to be placed in each container. For example, “Animals” 

(pointing at Container 1), “Fruit” (pointing at Container 2) “Transport” (Pointing at 

Container 3) and “Toys” (Pointing at Container 4). The labels were repeated a second 

time again pointing to each container. After instruction, the researcher shuffled the 

picture cards. Each picture card was handed to the participant individually while he/she 

was simultaneously asked to ‘sort’. 

 Correct responding was defined as the participant placing the picture card in the 

corresponding (matching) category container and self –corrected errors were accepted 

as a correct response. Incorrect responses were defined as placing the picture card in a 

non-corresponding container, at any other location on the table/floor or, making no 

attempt to place the card within 10 s. No feedback was given to the participants at any 

stage during testing and no corrective actions were undertaken by the researcher. If the 

participant did not respond within 10 s the researcher removed the picture card and 

immediately placed the next picture in the participant’s hand issuing the instruction 

‘sort’. The non-placed card was then recorded as an incorrect response. Categories for 

the computerised stages of the study were chosen based on the results of the pre-

experimental category sort test. Category exclusion occurred when a participant placed 

four or more pictures from the same category set into the same container, regardless 

of the container’s category label. See Table 3.2 and 3.3 for the stimuli chosen for each 

participant for Protocols 1 and 2. 
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Table 3.2. Category sets and stimuli for Participants 1-4 for teaching Protocol 1 and 2. 

Participant Stimuli 

Teaching Protocol 1 Teaching Protocol 2 

Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 

Reptile Fruit Money Musical 

Instruments 

Dairy Zoo Animals 

 A Leaf frog Blueberry 10 Euro Tambourine Cream Tiger 

1 B Chameleon Peach 2 Euro Guitar Cheese Zebra 

 C Alligator Lemon 20 cent Trumpet Yogurt Giraffe 

  Farm Animals Transport Furniture Vegetables Money Birds 

 A Goat Bus Armchair Broccoli 5 Euro Crow 

2 B Duck Motorbike Desk Beans 1Euro Robin 

 C Sheep Boat Table Parsnip 50 cent Parrot 

  Tools Sports 

Equipment 

Musical 

Instruments 

Accessories Big Cats Planets 

 A Hammer Football Violin Gloves Cheetah Jupiter 

3 B Saw Tennis Racket Trumpet Belt Snow Leopard Mars 

 C Screwdriver Helmet Saxophone Cap Panther Moon 

  Sea Animals Tools Berries Birds Reptiles Vegetables 

 A Squid Wrench Grape Vulture Alligator Carrots 

4 B Lobster Hammer Cranberry Macaw Terrapin Sweet Potato 

 C Sea Turtle Drill Raspberry Eagle Gecko Turnip 
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Table 3.3. Category sets and stimuli for Participants 5-9 for teaching Protocol 1 and 2. 

Participant Stimuli 
Teaching Protocol 1 Teaching Protocol 2 

Set 1 Set 2 Set 3 Set 1 Set 2 Set 3 

Planets Instruments Insects Electrics Tools Sports Equipment 

 A Saturn Flute Dragonfly Fridge Grips Hurley 
5 B Neptune Organ Cricket Oven Screwdriver Baseball Bat 

 C Uranus Trombone Wasp Vacuum Level Hockey stick 

  Zoo Animals Fruit Money Furniture Reptiles Instruments 

 A Hippo Peach 10 cent Lamp Crocodile Violin 
6  B Zebra Plum 5 Euro Bed Frog Guitar 

 C Tiger Grapes 1 Euro Table Terrapin Drums 

  Sports 

Equipment 

Planets Tools Berries Electrics Instruments 

 A Shin pads Moon Drill Strawberry TV Saxophone 
7  B Rugby Ball Sun Screw Blueberry Microwave Flute 

 C Racket Earth Hammer Blackcurrant Dishwasher Piano 

  Birds Fruit Transport Instrument Sea Animals Vegetables 

 A Blackbird Pineapple Helicopter Xylophone Whale Cauliflower 
8  B Robin Kiwi Bike Trumpet Crab Peas 

 C Seagull Watermelon Train Tin Whistle Sting Ray Mushrooms 

  Insects Accessories Dairy Birds Fruit Transport 

 A Worm Watch Butter Crow Mango Bus 
9  B Bee Necklace Cream Owl Apricot Car 

 C Butterfly Bracelet Milk Swan Cherry Airplane 
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Teaching Protocol 1: Match-to-Sample Training 

The procedure for Teaching Protocol 1 was identical to that of Chapter 2 with 

two exceptions. First, the stimuli were once again individualised for each participant 

and so were different to those employed in Chapter 2. Second, an additional pre and 

post-experimental tact test was administered during this Protocol in order to provide 

balance with Teaching Protocol 2 which involves directly training and testing the 

stimuli names during Phase 2, Period 3 which will be outlined afterwards (see Figure 

3.1 for a schematic of Teaching Protocol 1). 

Duration recoding began as soon as the researcher gave the instruction ‘match’ 

during the computerised phases and the timer was stopped upon completion of the 

trials when the word ‘finished’ appeared. In the table top aspect the timer was started 

upon completion of the instruction ‘Give me…’ and stopped when the card was placed 

in the researchers hand as per the methodology outlined in Chapter 1. If a break was 

requested the timer was stopped however, no one participant ever showed distress or 

requested a break. 

 

Figure 3.1. Schematic representative of computerised experimental Phases 1-7 

used in Teaching Protocol 1. 

 

Teaching Protocol 1: Pre-experimental Tact Test 

Once three 9-member category sets had been identified a stimulus tact test was 

conducted to establish if the participant could label the stimuli. The 27 stimuli were 

shuffled together, placed in a pile on the table to the right of the researcher. One 
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stimulus was presented to the participant at a time, by the researcher placing the picture 

card on the table facing the participant. In order to avoid confusion the researcher gave 

the child a working example to establish if the child could understand what was 

required in the tact test. 

The researcher asked the child “tell me some things you like to eat”? Using the 

responses given by the child for example chips, apples and fish. The researcher then 

asked the child “Chips, apples and fish are a group, what group do they belong to”? If 

the child responded with the correct response “food” then testing began. 

The researcher stated, “I am going to show you some pictures, I want you to 

tell me what group they belong to”. The researcher placed the first card on the table, 

pointed to the picture and stated “Tell me what group this belongs to”. The response 

was recorded and the next stimulus was presented. For the purpose of this test, correct 

responding was defined as the child responding with the category label e.g. fruit. 

 No feedback was given for incorrectly labelled the stimulus, or additionally if 

no response was made. Where no response was made following five seconds after the 

researcher instruction “Tell me what group this belongs to” the stimulus was removed 

and the next stimulus in the pile was presented however all children made attempts to 

tact each stimulus. Approximations and use of age appropriate labels (e.g. sweeties) 

were accepted as correct responses. In addition diction may not have been exacting for 

example, musical instrument may have been approximated as Music-Moosic, 

Instrument. Duration recording began following the practice session immediately 

following the researcher issuing the question “Tell me what group this belongs to”? 

The timer was not stopped unless a break was requested (this did not occur for any one 

participant). The timer was stopped following the participants responses to the last 

picture or following 5s of the instruction being given.  

 

 Teaching Protocol 2: The Montessori Method. 

 Teaching Protocol 2 consisted of four phases. The first phase naturally exposed 

the children to the new vocabulary. In the second phase the children practiced the 

vocabulary within the context of a three period lesson. The third phase consisted of 

identity matching and the final, fourth phase consisted of matching the picture cards. 

Each phase will be described in detail subsequently, for a schematic representative of 

Teaching Protocol 2 see Figure 3.2. 
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Figure 3.2. Schematic representative of Phases used in Teaching Protocol 2. 

  

 The token economy system was not used in Teaching Protocol 2 in keeping with 

the Montessori Method. Children were given verbal praise at the end which was 

specific to each phase for example, ‘that was great telling me what those cards are’. 

No corrective verbal feedback was given at any stage when errors were made. 

Following each phase, a short break was encouraged and the children could go back 

and engage with other teaching activities in their class or play with the toys in the 

classroom if it was during free play times. Remedial action is not a feature of the 

Montessori Method but for the purpose of the research a criteria was allocated to allow 

measurement balance across both protocols. During Phase 2 and 3, eight training and 

test cycles would occur before remedial action would be considered although no 

remedial action was required for any participant during this Protocol, however no one 

participant required remedial action during the study. 

 

Teaching Protocol 2, Phase 1: Naturally Expose the Children to the New Vocabulary 

Before using the cards themselves (each card was representative of the stimuli 

identified for each participant at pre-testing), the participants were naturally exposed 

to the new vocabulary. Exposure was conducted by regularly using the stimuli 

(pictorial and textual representations) in conversations related to reading a book (a 

children’s picture dictionary) that featured the objects. During this phase the researcher 
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and child examined a book and the researcher read aloud the name of the item and 

pointed to the pictures and gave a feature or function of the item. For example, this is 

an apple, it’s red and you eat it. Depending on the item/object the child may have 

responded, ‘I like apples’ or acknowledged the item by shaking head or repeating the 

name. Duration recording began during this phase following the researcher stating ‘we 

are going to look at pictures and talk about them’.  The timer was not stopped until all 

the stimuli had been presented with exception if any one participant requesting a break 

or the session was terminated due to distress however this did not occur for any one 

participant. After all the pictures had been identified a statement of class and function 

for each item was made, the timer was then stopped. The participants automatically 

moved to Phase 2. 

 

Teaching Protocol 2, Phase 2: Practice the Vocabulary with the 3-Period Lesson 

Period 1: Nine picture cards, three from each category set (e.g. ambulance, car 

& bus) were placed on the table, three to the left, centre and middle. The researcher 

touched the first card, on the left and said to the participant, “This is an ambulance.” 

The process was repeated for all nine cards. The participant was not required to make 

any response at this stage. Duration was recorded when the researcher touched the first 

card and stopped when the researcher had named the last card. Upon completion the 

participant moved directly to the next period. The timer was not stopped during this 

period with exception if any one participant requesting a break or the session was 

terminated due to distress however this did not occur for any one participant. 

Period 2: The researcher then moved away from the cards and asked the 

participant to, “Show me the ambulance.” If the participant did not respond or pointed 

to the wrong card, the researcher returned to Period 1. Duration was recorded from 

when the researcher gave the first instruction of “Show me the…” until an error was 

made or upon completion of the task with the last card placed in the researcher’s hand. 

The process was repeated for all nine picture cards and the criterion for mastery was 

set at eight out of nine trials correct to move to Period 3. If an error was made the 

participant stepped back to the previous Period in Phase 2 training (see Figure 3.2). 

Period 3: The researcher pointed to each corresponding card (matching) for 

each of the same nine stimuli and asked the participant, “What is this?” If the 

participant did not correctly name the card, the researcher moved back to Period 2. The 

criterion for mastery was set at eight out of nine trials correct at Period 3 to move to 
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the next phase in the Teaching Protocol. Duration was recorded when the researcher 

first stated “What is this” and was stopped when an error was made or upon 

completion of the participant naming the final ninth picture card. 

 

Teaching Protocol 2, Phase 3: Matching the Cards (Identical Matching) 

Each of the three pictures for each category (nine stimuli) was laid out in 

columns of three starting on the left side of the table. A second set of identical stimuli 

were shuffled in a pile and placed to the right side of the columns on the table. 

The researcher took the card from the top of the second set and said to the 

participant, “Let’s see if these cards look the same as any of the ones here. Let’s see if 

they match.” The researcher then began to find the match with the participant 

beginning at the top of the left column. The card was placed directly on top of the 

matching card. It is important to note in the Montessori Method that typically the card 

would be placed just to the right, however as more stimuli were used in this phase, the 

card was placed directly on top. 

The child was then asked to continue, during this teaching phase the researcher 

said to the child, ‘will you find the matches for these cards’ and pointed to the 

remaining cards in the second set. Duration recording began at this point and was 

stopped when the last picture card had been placed down with another. When cleaning 

up the cards, the researcher repeated the name of each object pair as it was returned to 

a container. The criterion to move to the next phase was set at eight out of eight trials 

correct. In this phase an example was provided by the researcher and therefore the 

participant could only independently match eight out of nine stimuli used. 

 

Teaching Protocol 2, Phase 4: Sorting the Cards 

All nine picture cards were mixed together in one pile and placed face up on 

the table directly in front of the participant to the right side. The researcher took the 

first card and placed it in a column on the left side of the workspace. The researcher 

then took the next card and asked the participant, “What is this?” The card was then 

placed on the table in the column directly below the first card if part of that category 

set or to the right in a new column. The researcher then asked the child to take the next 

card, name it and place it in the proper column. Duration recording began on trial three 

following the two samples, when the researcher said, ‘will you take the next one, tell 

me what it is and put it with the cards it belongs with’. The researcher then asked the 
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child, ‘will you do the same again for these cards’, and pointed to the remaining set of 

cards. Participants were given a sample which incorporated two of the nine stimuli at 

the beginning of the Phase and the timer was not started until after trial two as these 

provided the children with the correct answers. Therefore criterion for mastery was set 

at seven out of seven correctly sorted. For Teaching Protocol 2, eight training and 

testing cycles would occur before remedial action would be considered. No feedback 

or corrections were given and if the child failed to meet the criterion they returned to 

the previous phase as outlined in Figure 3.2. 

 

Post-experimental Category Sort Test. 

This phase involved the participants assigning each of the nine stimuli for each 

set to one of the three categories established for the C stimuli in Protocol 1 and for 

Protocol 2 the directly trained category members. The procedure used was the same as 

in the pre-experimental category sort test. 

 

Post-experimental Language Assessment 

The language assessment was re-administered at the end of the study, six months 

after the first administration. 

 

Results 

 

Teaching Protocol 1: Match-to-Sample (MTS) Pre-training 

Participant performances in all MTS phases of the experiment can be seen in 

Figure 3.3 and 3.4. All participants only required one exposure to the MTS pre-training 

before meeting the criterion to move on to the experimental sessions. 

 

Teaching Protocol 1: MTS Training and Testing 

Participant 1 required 72 trials (6 blocks) to meet the A-B training criterion of 

correct responding on 11 out of 12 trials in a block. He failed the subsequent B-A test 

for the emergence of symmetry relations (score of 9 /12). Following a second exposure 

to training 24 trials (2 blocks), the B-A test was passed with a score of 11 out of 12 

trials correct. Criterion for B-C training was met after exposure to 72 trials (6 blocks) 

and Participant 1 then passed the C-B test for the emergence of symmetry relations at 

the first exposure. One exposure to A-B, B-C mixed training and testing was required, 
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12 training trials (1 block) before he passed the mixed test. He then went on to pass 

the A-C and C-A equivalence test. 

Participant 2 required 60 trials (5 blocks) of A-B training in order to meet the 

criterion of correct responding at 11 out of 12 trials correct. The B-A symmetry test 

that followed was passed at 12 out of 12 trials correct. After 48 B-C training trials (4 

blocks) she met criterion to progress to the test which she also passed. The participant 

passed A-B, B-C mixed training in just 11 trials and went on to pass the B-A, C-B test 

with a score of 11 out of 12 trials correct. She passed the subsequent A-C and C-A 

equivalence test with a score of 11 out of 12 trials correct. 

Participant 3 required 48 trials (4 blocks) to meet the meet the criterion for A-

B training. She passed the B-A symmetry test on the first attempt with a score of 12 

out of 12 trials correct. Participant 3 required 60 B-C trials (5 blocks) to meet criterion 

and subsequently passed the C-B symmetry test first time. Participants 3 required just 

one exposure to A-B, B-C mixed training 12 trials (1 block) before passing the B-A, 

C-B test. She then passed the A-C and C-A equivalence test with a score of 11 out of 

12 trials correct. 

Participant 4 required 60 trials (5 blocks) at A-B training to meet the criterion 

to move to the subsequent B-A symmetry test which was passed on the first attempt 

with a score of 11 out of 12 trials correct. A total of 36 B-C training trials (3 blocks) 

were required to meet criterion, and the C-B symmetry test was subsequently passed 

first time. Participant 4 required just one exposure to A-B, B-C mixed training 12 trials 

(1 block) before passing the B-A, C-B test. The subsequent A-C and C-A equivalence 

test was then passed with a score of 11 out of 12 trials correct. 

Participant 5 required 60 A-B training trials (5 blocks) before passing the B-A 

symmetry test first time. He required 48 B-C training trials (4 blocks) before passing 

the C-B symmetry test. Participant 5 only required just 12 A-B, B-C mixed training 

trials (1 block) to score 11 out 12 trials correct and passed the B-A, C-B test with a 

score of 11 out of 12 trials correct. The A-C and C-A equivalence test was passed with 

a score of 11 out of 12 trials correct. 

Participant 6 required 72 A-B training trials (6 blocks) before passing the B-A 

symmetry test on the first exposure. He required 48 training trials (4 blocks) at B-C 

training and passed the C-B symmetry test on the first attempt. Participant 6 only 

required 12 trials (1 block) at A-B, B-C mixed training before passing the test on the 
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first attempt with a score of 11 out of 12 trials correct. He subsequently passed the A-

C and C-A equivalence test with a score of 11 out of 12 trials correct. 

Participant 7 required 60 trials (5 blocks) at A-B training before passing the B-

A test on the first attempt. He required 48 trials at B-C training (4 blocks) before 

passing the subsequent C-B test on the first attempt with a score of 11 out of 12 trials 

correct. This participant only required 12 trials to meet the criterion to move to the B-

A, B-B mixed test which he passed with a score of 12 out of 12 trials correct. He passed 

the equivalence test which followed with a score of 11 out of 12 trials correct. 

Participant 8 required 72 trials at A-B training (6 blocks) before passing the 

subsequent B-A test with a score of 11 out of 12 trials correct. She required 48 trials 

(4 blocks) on the next B-C training phase she then passed the C-B test which followed 

on the first attempt with a score of 12 out of 12 trials correct. She required just 12 trials 

(1 block) at A-B, B-C mixed training to move to the mixed test which she passed at 12 

out of 12 trials correct. She subsequently passed the A-C and C-A equivalence test 

with a score of 11 out of 12 trials correct. 

 Overall, the maximum amount of training required for any one type of relation 

was 96 trials over two exposures to A-B training for Participant 1. For all other phases, 

Participant 1 required just one exposure to the train-test cycle. The smallest number of 

training trials required was 12 for all participants in mixed training and testing. These 

relations had been trained and tested in the previous phases. The trials to criterion for 

Teaching Protocol 1 for all participants can be found in Table 3.4. 
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Figure 3.3. Participant 1 to 6 results for MTS Pre-training, A-B Training, B-A 

Testing, B-C Training, C-B Testing, Mixed A-B, B-C Training, and Mixed B-A, 

C-B Testing and A-C, C-A Symmetry Transitivity Testing. 
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Figure 3.4. Participant 7 to 9 results for MTS Pre-training, A-B Training, B-A 

Testing, B-C Training, C-B Testing, Mixed A-B, B-C Training, Mixed B-A, C-B 

Testing and A-C, C-A Symmetry Transitivity Testing. 

 

Teaching Protocol 1: Category Training 

From Table 3.4 it can be seen that the largest number of trials to criterion was 

72 by Participant 1. Participants 3, 5, 6, 7, 8 and 9 only required 48 trials to reach 

criterion. 
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Table 3.4. Total Trials to Criterion for Teaching Protocol 1, Participants 1 to 9. 

Participant 

AA-

B 

BB-

A 

BB-

C 

CC-

B 

AA-

B, B-C 

BB-

A, C-B 

AA-

C, C-A 

Category 

Training 
 

Total 

Trials  

1 996 224 660 112 112 112 112 72 
 

300 

2 660 112 448 112 112 112 112 60 
 

228 

3 448 112 660 224 112 112 112 48 
 

228 

4 660 112 336 112 112 112 112 60 
 

216 

5 660 112 448 112 112 112 112 48 
 

216 

6 772 112 448 112 112 112 112 48 
 

228 

7 660 112 448 112 112 112 112 48 
 

216 

8 772 112 448 112 112 112 112 48 
 

228 

9 660 112 660 112 112 112 112 48 
 

228 
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Teaching Protocol 1: Tact Testing 

 The result of the pre and post-experimental tact test can be seen in Figure 3.5. 

Pre-experimentally two participants successfully labelled all stimulus by the given 

category name. Participant 2 and 6 identified one stimulus from their categories fruit. 

For Participant 2 apple which was also correctly sorted pre-experimentally was 

labelled fruit. For Participant 6 banana was labelled correctly as fruit and was also 

corrected sorted pre-experimentally. Post-experimentally five of the nine participants 

could correctly tact all 27 stimuli by the correct category label. Participant 2 did not 

correctly labelled two of the stimuli and Participants 4, 6 and 7 failed to correctly label 

one stimuli. 

 

 

Figure 3.5. Pre and post-experimental tact test for Teaching Protocol 1. 

Teaching Protocol 2: Montessori Method 

 

All participants were only exposed to one block at Phase 1 which naturally 

exposed the children to the stimuli via books and discussion. As specified in the 

Montessori Method only one exposure to this Phase occurred. Phase 2: Practice the 

Vocabulary with the 3-Period Lesson of the Teaching Protocol consisted of three 

periods that will be referred to as Period 1, 2 and 3. As is standard within the 
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Montessori approach participants only additionally required 1 block at Phase 2, Period 

1. Trials to criterion for all participants for Teaching Protocol 2 can be seen in Table 

3.5. 

The largest number of trials for any one participant for all phases was 

Participant 1 who required 232 trials. The lowest number of trials required for all 

teaching phases were for Participant 4, 187 trials and Participant 2, 188 trials. For 

Phase 2, Period 2 which required the participants to receptively identify the cards both 

Participant 1 and 8 required the highest level of trials (63trials) before meeting 

criterion. The lowest number of trials to criterion was 45 trials for Phase 2, Period 2 

for Participants 2, 3, 5, 6 and 9. For Phase 2, Period 3 which required the children to 

name the cards, Participant 2 and 3 required the highest number of trials to criterion 

(45 trials). All other participant (Participants 3-9) met criteria following 18 trials. 

Participant 7 required the highest number of trials (64 trials) to criterion in Phase 3 

identical card matching. The lowest number of trials required at Phase 3 was for 

Participant 1, 32 trials. In Phase 4 which consisted of the children sorting the cards 

Participant 1 required the highest number of trials to meet criterion (56 trials). 

Participants 3, 7 and 8 required the lowest number of trials to meet criterion at 42 trials. 

 

Table 3.5. Total Trials to Criterion for Teaching Protocol 2, Participant 1- 9. 

Participant  Phase 

1 

Phase 2 

Period 1 

Phase 2 

Period 2 

Phase2, 

Period 3  

Phase 

 3 

Phase 

4 

Total 

Trials 

1 9 27 63 45 32 56 232 

2 9 18 45 27 40 49 188 

3 9 36 45 18 48 42 198 

4 9 27 36 18 48 49 187 

5 9 36 45 18 48 49 205 

6 9 27 45 18 56 49 204 

7 9 27 36 18 64 42 196 

8 9 36 63 18 48 42 216 

9 9 27 45 18 56 56 211 
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Duration 

The total duration of teaching time for both protocols can be seen in Figure 3.6. 

For all participants the duration in Teaching Protocol 1 was shorter than in Teaching 

Protocol 2. The shortest duration for Teaching Protocol 1 was 45 m for Participant 4 

and the longest duration was for Participant 1 at 54 m. The shortest duration for 

Teaching Protocol 2 was 59m for Participant 4 while the longest was 66m for 

Participant 3. 

 

Figure 3.6.Total duration of teaching time for all participants across Teaching 

Protocol 1 and 2. 

 

 Category Sort Testing 

The results of category sort testing for all participants can be seen in Figure 3.7 

and 3.8. For Teaching Protocol 1 the three categories chosen for Participant 1 were 

reptile, fruit and money and in Teaching Protocol 2, musical instruments, dairy and 

zoo animals (see Table 3.2 for exact stimuli). Nine stimuli were tested for each of the 

three categories for each Protocol (27 stimuli per Protocol). These consisted of the 

three stimuli in each category that had been trained and tested in the Teaching Protocol, 

and an additional six category members that were not used in the intervention but that 
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had been tested in the pre-experimental category sort test. Correct categorisation on 

the post-experimental category sort test could therefore be divided into three types; 

learned through the Protocol, known pre-experimentally and additional category 

members. 

The results of the Category Sort Test showed that in Teaching Protocol 1, 

Participant 1 was able to correctly sort eight stimuli in the reptile category, nine in the 

fruit and eight in the money category. The stimuli that had participated in the MTS 

training (3 for each of the three categories) were sorted correctly, indicating a transfer 

of the category function from the three C stimuli to their respective B and A stimuli. 

As expected, the participant also correctly sorted stimuli that had been successfully 

categorised during pre-experimental testing; two from the reptile category, two from 

the fruit category and one from the money category. There were 13 additional stimuli 

this participant could have sorted correctly at post-testing and a total of 11 were 

correctly sorted; three in the reptile category, four in the fruit category and four in the 

money category. In the second Protocol there were 15 additional stimuli other than 

those trained or pre-experimentally known for which the participant correctly sorted 

13. Five stimuli were correctly sorted in the musical instruments category, three stimuli 

in the dairy category and five more in the zoo animal category. 

For Participant 2 the three categories chosen for Teaching Protocol 1 were farm 

animals, transport and furniture. In Protocol 2 the categories chosen were vegetables, 

money and birds. In both Protocols this participant correctly sorted the stimuli trained 

in the Teaching Protocols and the pre-experimentally known stimuli. In Protocol 1 

there were four stimuli pre-experimentally sorted correctly; two in farm animals, one 

in transport and one in the furniture category. In the second Protocol there were three 

pre-experimentally correctly sorted; one in vegetable and two in the bird category. For 

Participant 2 in Teaching Protocol 1 there were 14 additional stimuli which could have 

been sorted correctly at post-testing. The participant sorted all the stimuli for each 

category; four in farm animals, five in transport and five in furniture. In Protocol 2 

there were 15 additional stimuli other than those trained or pre-experimentally known 

for which the participant correctly sorted 11. She correctly sorted three stimuli in the 

vegetables category, five stimuli in the money category and three more in the bird 

category. 

The categories chosen for Participant 3 in Protocol 1 were tools, sports 

equipment and musical instruments. In Protocol 2 the categories chosen were, 
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accessories, big cats and planets. This participant correctly sorted the stimuli that were 

trained and those demonstrated pre-experimentally across both Protocols at post-

testing. Pre-experimentally, Participant 3 correct sorted three stimuli in Protocol 1, one 

stimulus in the tools category and two stimuli in the sports equipment category. In 

Protocol 2 she pre-experimentally correctly sorted three stimuli; one in the big cat 

category and two in the planets category. Post-experimentally, there were 15 additional 

untrained stimuli in Protocol 1; the participant correctly sorted all 15 stimuli. Five 

stimuli in the tools category, four stimuli in the sports equipment category and six in 

the musical instruments category were correctly sorted. In the second Protocol there 

were also 15 additional untrained stimuli which the participant could have sorted 

correctly, she correctly sorted 12 stimuli. Five stimuli were correctly sorted in the 

accessories, three in the big cat category and four in the planets category. 

For Participant 4, the categories chosen for Protocol 1 were sea animals, tools 

and berries and for Protocol 2 birds, reptiles and vegetables. Pre-experimentally two 

stimuli were correctly sorted in total at Protocol 1, one in the sea animal category and 

one in the berries category. In Protocol 2 two stimuli were sorted in total pre-

experimentally; one in the birds’ category and one in the reptiles’ category. At post-

testing, these pre-experimentally correctly sorted stimuli were again correctly sorted 

in addition to the three stimuli trained for each category set. For Protocol 1, Participant 

4 had 16 stimuli that were untrained in addition to those targeted for training and pre-

experimentally known; 15 of which were sorted correctly. In the sea animals category 

five untrained stimuli were sorted correctly, five in the tools category and five in the 

berries category. In the second Protocol the participant had a total of 16 untrained 

stimuli tested, of which, 11 stimuli were correctly sorted. Three stimuli in the bird 

category, four in the reptile category and four in the vegetables category were correctly 

sorted.  

The categories chosen for Protocol 1 for Participant 5 were planets, musical 

instruments and insects. In Teaching Protocol 2 the categories chosen were electrics, 

tools and sports equipment. At the pre-experimental test this participant correctly 

sorted a total of four stimuli for Protocol 1; two in planets, one in musical instruments 

and one in insects. He correctly sorted a total of three stimuli in Protocol 2; one in 

electrics, one in tools and one in the insect category. At post-testing he demonstrated 

categorisation for the pre-experimentally known stimuli and those directly trained in 

both Protocols. In the first Protocol there were a total of 14 untrained stimuli that could 
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be tested, in addition to the trained and pre-experimentally known. This participant 

correctly sorted all the stimuli in Protocol 1; in the planets category four stimuli, in 

musical instruments five stimuli and in insects five stimuli were correctly sorted. For 

Protocol 2 there were 15 untrained stimuli that were tested in addition those pre-

experimentally know and those trained. He correctly sorted 12 of these stimuli, four in 

electrics, four in tools and four in the sports equipment category. 

For Participant 6, the six categories for Teaching Protocol 1 were zoo animals, 

fruit and money and for Protocol 2 were furniture, reptiles and musical instruments. 

Pre-experimentally, Participant 6 correctly sorted only one stimulus in the fruit 

category in the first Protocol, and two in the second Protocol; one in furniture and one 

in reptiles. In addition to the directly trained and those pre-experimentally known, 

there were an additional 16 untrained stimuli tested for Protocol 1 at post-experimental 

testing. He correctly sorted a total of 13 stimuli, five in zoo animals, two in fruit and 

six in the money category. In Protocol 2, 16 untrained stimuli were also tested and he 

correctly sorted 15 stimuli. He correctly sorted five stimuli in furniture, four in reptiles 

and six in musical instruments. 

The categories chosen for Participant 7 in Teaching Protocol 1 were sports 

equipment, planets and tools. In Protocol 2 the categories chosen were berries, electrics 

and musical instruments. During Protocol 1 pre-experimental category sort test he 

correctly sorted one stimulus in the sports equipment category and one in the tools 

category, a total of two stimuli. In Protocol 2 three stimuli in total were correctly 

sorted, one in the electrics category and two in the musical instruments category. Post-

experimentally for Protocol 1 there were a total of 16 untrained stimuli which he 

correctly sorted in addition to the trained and pre-experimentally known stimuli. There 

were five sorted in the sports equipment category, six in the planets and five in the 

tools category. In the second Protocol there were 15 untrained stimuli tested of which 

he correctly sorted 13; five in the berries category, four in electrics and four in the 

musical instruments category. 

For Participant 8 in Teaching Protocol 1 the categories chosen were birds, fruit 

and transport and for the Protocol 2, musical instruments, sea animals and vegetables. 

Pre-experimentally she correctly sorted a total of four stimuli in Teaching Protocol 1; 

two in birds, one in fruit and one in transport. In Protocol 2 she correctly sorted three 

stimuli, one from each category set. Post-experimentally Participant 8 correctly sorted 

the directly trained and pre-experimental known stimuli for both Protocols. In Protocol 
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1, 14 untrained stimuli were tested of which she correctly sorted 13; three in the bird 

category and five in both the fruit and transport categories. In Protocol 2, 15 untrained 

stimuli were tested of which she correctly sorted 11; three in the category musical 

instruments and four in both the sea animals and vegetables category. 

For the final participant the categories chosen for Protocol 1 were insects, 

accessories and dairy and in Protocol 2, birds, fruit and transport. Participant 9 

correctly sorted one stimulus from the accessories category and two in the dairy 

category, a total of three stimuli. In the second Protocol he correctly sorted a total of 

four stimuli, two in the bird category and one in both the fruit and transport categories. 

He correctly sorted the pre-experimentally known and trained stimuli for both 

Protocols at Post-category Sort Test. In addition for Protocol 1, 15 untrained stimuli 

were tested of which he correctly sorted 12 stimuli; five in insects, four in accessories 

and three in the dairy category. In Protocol 2 there were 14 untrained stimuli which 

were tested and this participant correctly sorted all of the stimuli at post-testing, four 

in the bird category and five in both fruit and transport categories. 

For Participant 1 and 9 more untrained stimuli were correctly sorted at post-

experimental testing in the second Teaching Protocol, the Montessori Method. 

However, for all of the other seven participants more untrained stimuli were correctly 

sorted at post-testing following the MTS procedure, Protocol 1. 
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Figure 3.7. Pre and post-experimental category sort test for Teaching Protocol 1 

and 2 for Participant 1-6. 
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Figure 3.8. Pre and post-experimental category sort test for Teaching Protocol 1 

and 2 for Participant 1-6. 

 

Language Assessment: PLS-4 

Results of the language assessment are represented in Tables 3.6 and 3.7 for all 

participants. Figure 3.9 displays the individual standard scores (+/− 1 Standard 

Deviation) on the subscales of the PLS-4. As expected with a typically developing 

population, performance was within the normative sample range for receptive and 

expressive standard scoring. Participant 2, scored just below -1 standard deviation 

(SD), however, both expressive and total language scores were within normative 

ranges. The score in receptive language was not significant enough to consider 

language delay or disorder. Overall, none of the children presented with clinically 

significant delays in language development. 
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Table 3.6. Results of Pre and Post-Experimental Language Assessment for Participants 1-5. 

  Pre-experimental Language Assessment Post-experimental Language Assessment  

Composite Participant Age Raw 

Score 

Standard 

Score 

Age Equivalent Age Raw 

Score 

Standard 

Score 

Age 

Equivalent 

Total Language 1 3:2 95 108 3:4 3:8 102 98 3:9 

Receptive  - 48 111   51 104  

Expressive   - 47 104   51 93  

Total Language 2 3:3 80 86 2:11 3:9 94 86 3.4 

Receptive  - 36 82   47 92  

Expressive   - 44 91   47 82  

Total Language 3 4:4 111 108 4:4 4:9 117 105 4:10 

Receptive  - 53 104   58 111  

Expressive   - 58 113   59 99  

Total Language 4 4:3 110 107 4.3 4:9 113 97 4.6 

Receptive  - 53 104   55 98  

Expressive   - 57 110   58 96  

Total Language 5 4:5 120 118 5:2 4:11 127 129 6:1-6:3 

Receptive  - 57 114   62 127  

Expressive   - 62 120   65 125  
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 Table 3.7. Results of Pre and Post-Experimental Language Assessment for Participants 6-9. 

  Pre-experimental Language Assessment Post-experimental Language Assessment  

Composite Participant Age Raw 

Score 

Standard 

Score 

Age Equivalent Age Raw 

Score 

Standard 

Score 

Age 

Equivalent 

Total Language 6 3:1 91 99 3:2 3:7 101 98 3:8 

Receptive  - 45 103   51 104  

Expressive   - 46 95   50 91  

Total Language 7 4:1 113 111 4:6 4:7 120 111 5.2 

Receptive  - 55 109   59 116  

Expressive   - 53 113   61 106  

Total Language 8 3:6 108 108 4:2 4:1 116 115 4:9 

Receptive  - 48 95   54 107  

Expressive   - 59 121   62 120  

Total Language 9 3:6 104 103 3.11 4:0 108 102 4.2 

Receptive  - 49 99   52 99  

Expressive   - 55 107   56 106  
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Figure 3.9. Participant 1-9 standard scores (+/- 1 standard deviation) on the language measures. The solid line indicates normative 

language scores of neurotypical children; the dashed lines indicate the boundaries of clinical significance. 
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Figure 3.10 displays the group mean standard scores (+/− 1 SD) on the subscales of 

the PLS-4. As expected with a typically developing population performance was 

within the normative sample range for receptive and expressive standard scoring: PLS 

Auditory Comprehension (M = 102.3) at pre-experimental testing and (M=106.4) at 

Post-experimental testing. PLS Expressive Communication (M = 108.2) at pre-

experimental testing and (M=102) at Post-experimental testing. The PLS Total 

Language (M = 105.3) at pre-experimental testing and (M=104.5) at Post-experimental 

testing. In other words, as a group the children in this sample did not present with 

clinically significant delays in language development. 

 

Figure 3.10. Group mean standard scores (+/- 1 standard deviation) on the 

language measures. The solid line indicates normative language scores of 

neurotypical children; the dashed lines indicate the boundaries of clinical 

significance. 
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General Discussion 

 

A within-participants design was used to investigate the effectiveness of two 

different teaching protocols to teach non-overlapping, functional and individualised 

categories. The order of exposure to the teaching protocols was counterbalanced across 

participants. Following two pre-experimental tests, formal language assessment and 

category sort testing, half of the category sets identified were trained using Teaching 

Protocol 1 and the other half using Teaching Protocol 2. Teaching Protocol 1 was a 

behaviour analytic protocol which used a modified three, three member matching-to-

sample procedure. Teaching protocol 2 was a protocol taken from an aspect of the 

Montessori Method. Re-exposure to the language assessment and sort testing was 

conducted post-experimentally. All participants successfully passed all teaching 

phases in both protocols and no one participant required additional modification to 

either protocol. The assumption that emergent relations procedures create the same 

repertoires as when teaching everything is supported by the findings of the current 

study (Critchfield & Fienup, 2013). In terms of direct teaching, for both protocol no 

significant durational difference was found. The shortest duration for Teaching 

Protocol 1 was 45 m for Participant 4 while in comparison in Teaching Protocol 2 the 

shortest was 59m for Participant 4. These finding add to the shortage of research that 

has directly investigated efficacy in terms training investment, the time that 

participants require to learn skills (Critchfield & Fienup; Taylor & O’Reilly, 2011). 

Where clear differences can be found is in the number of derived (untrained) relations 

which the children acquired via the teaching methodologies.  

In Teaching Protocol 1 the children only received training on three stimuli for 

each of three category sets (nine stimuli in total) including the additional receptive 

training of the category label to the C stimuli. In contrast, the three stimuli for each of 

the three categories taught in Teaching Protocol 2 had all been directly trained to one 

another. Interestingly the training trials to criteria in relation to the number of training 

opportunities revealed that while the overall duration for Teaching Protocol 1 was less 

than that required in Teaching Protocol 2. All the participants had a greater number of 

learning opportunities in Teaching Protocol 1 the largest amount of trials to criteria 

being 300 for Participant 1 and the lowest 216 for Participants 4, 5 and 7. What must 

be noted is that in Teaching Protocol 2 where each stimulus were directly trained to 
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each other, the trials to criteria reveal a lower number of learning opportunities were 

provided. The largest number of trials to criterion was 232 for Participant 1 and the 

lowest 187 for Participant 4, suggesting a greater exposure to learning opportunities 

were provided for participants in Teaching Protocol 1. This is further evidenced by the 

tact testing conducted during Teaching Protocol 1, the transfer of the receptively taught 

category name was shown to transfer not only to other stimuli which were previously 

unknown, but additionally to other stimuli which were unknown and not targeted for 

training. 

In terms of teacher interaction, both protocols require a minimal level of 

teacher instruction. Even with the modifications which were made in order to allow 

measurement within the Montessori Protocol, these measurements could be 

accomplished with relative ease. Post-experimental category sort testing consisted of 

the three stimuli in each category that had been trained and tested in the Teaching 

Protocol and an additional six category members that were not used in the intervention, 

but that had been tested in the pre-experimental category sort test. Three types of 

correct categorisation could therefore be identified; those learned through the Protocol, 

known pre-experimentally and additional category members. With the exception of 

Participant 1 and 9, more untrained stimuli were found to be related at post-

experimental testing in the first Teaching Protocol, the MTS procedure.  

Participant 1 demonstrated the exact same level of responding at category sort 

testing across both protocols and did not demonstrate correct sorting for two stimuli in 

Teaching Protocol 1 and two in Teaching Protocol 2. Critically, the stimuli incorrectly 

sorted were not those which had been directly trained, or pre-experimentally known. 

Participant 9 on the other hand, demonstrated more correctly sorted stimuli following 

Teaching Protocol 2 sorting an additional one stimulus for each set (three extra in 

total), but for both Teaching Protocols all directly trained and pre-experimentally 

known stimuli were sorted correctly. The results of the pre and post experimental 

language assessments found that no significant increases in language scores were 

found for either individual or group standard scoring than would be expected within 

normal language development. All of the participants fell within the normal 

distribution expected. Therefore it could be argued that neither Teaching Protocol had 

any direct effect on language outcomes seen in the post-experimental test. 
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The present study has added to both the EBI and Montessori literature, to date 

no known published research has attempted to directly compare an EBI procedure with 

a specific teaching element such as the Montessori Method in young children. The 

results of the current study additionally give support to the effectiveness of the 

Montessori Method as previously published research (Cox & Rowlands, 2000; Krafft 

& Berk, 1998; Lillard, 2012; Lillard & Else-Quest, 2006) have focused on long term 

achievements versus specific teaching aspects. This should no way take away the 

importance of the findings for the EBI literature but an important finding to discuss. 

Indeed, within the EBI literature the findings of the current study for Teaching Protocol 

1 are in direct contrast to results reported by Critchfield and Fienup (2013) in the 

emergent relations group. In the present study outcomes in terms of pre and post 

category sort test scores are comparable across both Teaching Protocols. One reason 

for the conflicting findings between those reported in Chapter 3 and Critchfield and 

Fienup may be attributed to the methodological procedure, in the present study three 

three-member classes were established using a quasirandom match-to-sample 

procedure before the category label was directly trained to the C stimuli. In contrast, 

the emergent relations group in Critchfield and Fienup’s study only received training 

on two comparisons and participants in this group responded at chance levels at testing 

(Critchfield and Fienup). The findings in the present study would strengthen the 

argument that more trained relations are required to build in stable response 

repertoires.    

While the current study has demonstrated positive results for the relative 

effectiveness of EBI, there are many questions which have arisen in relation to the 

transferability of this technology to educational settings. The use of touch screen 

responding is one which is affordable and easy to use, nonetheless the available 

technology is lacking in terms of ease of use, particularly programming of software. 

Future research could indeed examine human factors and ergonomics (HF&E) within 

the context of EBI application to identify barriers within natural settings. Such 

investigations and developments may in turn allow for a generality of EBI procedures 

that could be used effectively within society across a variety of settings. It is important 

to note, a key difference of any such comparison, lies in the presentation of materials. 

In the match-to-sample phases in Protocol 1, delivery of the protocol was computerised 

while in Protocol 2 everything was delivered via table top procedures using tactile 
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printed materials. Future research could explore whether differences exist when 

teaching methods are more exactly matched, for example a table top based approached 

of the computerised MTS procedure. Within in the current study the procedures 

although modified to allow measurement differed vastly in structure and therefore 

these variables should be explored in future research. In addition of areas that warrant 

investigation include level of instructor engagement in terms of instructions given, 

preparation and teaching time. 



 

 

Chapter 4 (Study 3): A Preliminary Investigation of Equivalence Based Instruction 

in the Mainstream Classroom.
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In recent years a growing body of EBI literature has begun to emerge, in particular 

with adult populations, to address the validity and ecological value of such procedures 

within more naturalistic group settings (Critchfield &Fienup, 2010; Fields et al., 2009; 

Fienup et al., 2010; Ninnes et al., 2006; 2009; Pytte & Fienup, 2012). Published research 

to date has nonetheless, focused upon individual contingences and responding as a means 

of measurement. One area that has received no attention in the equivalence literature is 

the examination of group contingencies and responding. Active student responding can 

take many different forms and positive results have been found across a variety of 

activities such as choral responding, response cards, personal whiteboards, reading out 

loud and fill in the blank supplements to lectures (Colbert, 2005). These response forms 

are representative of the literature in that they typically employ low technology methods 

such as hand raising or response cards.  

Advances in technology over recent decades have seen the growth of high tech 

alternatives to the traditional low tech methods which were favoured in the past. These 

technologies can take various forms, for example interactive whiteboards, tablets and 

student response systems. The availability and use of such high tech response systems 

have become more prevalent and cost-effective in recent years. According to Lowery 

(2006) one type of system, the student-polling system has grown in popularity. Within the 

literature there exists no standardised terminology and a variety of descriptions currently 

exist: student-response system (SRS) or Clickers, audience-paced feedback systems 

(APF), classroom performance systems (CPS), electronic response systems (ERS), hyper-

active teaching technology (H-ITT), interactive engagement (IE), interactive audience 

response systems (IRIS), interactive learning systems (ILS), interactive student-response 

systems (ISRS), personal response systems (PRS), group response systems (GRS), and 

wireless response systems (WRS). For the purpose of the current thesis and ease of 

communication the term student-response system (SRS) will be used throughout.  

Currently these systems work via infrared (IR), radio frequency (RF), or Wireless 

Fidelity, wireless internet (Wi-Fi). A computer (standalone or laptop) is a requirement to 

the associated software and additionally if results are to be displayed to students a 

projector is required. The use of SRS allows students to respond quickly and anonymously 

to questions presented in class and results are immediately presented individually on the 
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device or summarized and presented on screen or later as a report. In direct contrast to 

stimulus equivalence research, much of the research regarding SRS use has been 

conducted in applied settings and researchers have addressed that the verification of 

results found in applied studies need to be transferred to and examined under more 

controlled laboratory settings (Draper & Brown, 2004). As discussed previously, the 

emergence of new technologies within educational settings offer an opportunity for 

reform (Twyman, 2011). EBI provides behavioural researchers with the opportunity to 

merge scientifically empirical EBI procedures with incorporate a host of behaviour 

analytic principals (reinforcement through feedback, token systems) and techniques such 

as prompting and individual and group contingencies. The use of a single-subject-design 

(as discussed in Chapter 1) is traditionally found within the applied behavioural literature 

and includes research methods which allow for the examination of individual, pairs and 

small groups of individuals.  

 Published EBI research to date has been conducted using Single Subject 

Research Design (SCRD) or Small (n) group designs as outlined in Chapter 1.  A recently 

published paper (Zinn, Newland & Ritchie, 2015) examined an EBI protocol under an 

alternative technique, a randomized controlled trial (RCT). RCT is a type of scientific 

(often medical) experimental design in which participants are randomly allocated to one 

or another of different treatments (IV) under study. RCT is often considered the gold 

standard for a clinical trial and more often used to test the efficacy or effectiveness of 

various types of medical intervention. Random assignment of participants to either the 

intervention or Control-group takes place once participants have been recruited and 

assessed for eligibility (Chalmers, Smith, Blackburn, Silverman, Schroeder, Reitman & 

Ambroz, 1981). Zinn et al. conducted a study using an RCT design with 61 college 

students. In their experiment participants were required to attempt to learn 32 pairs of 

proprietary and generic drug names using computer-based match-to-sample presentations 

of auditory and written drug names. The participants who received EBI experienced 

pairings based on stimulus equivalence theory demonstrated mastery criteria quickly. 

Participants in the Control-group practiced relations selected at random from those that 

the EBI group learned via training or emergence. The results found that participants in the 

criterion-control group required many more trials to achieve the same accuracy as the EBI 
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group. In the third trial-control group participants were yoked to participants in the EBI-

group and received the same number of trials but achieved poorer levels of accuracy and 

not all participants met mastery. Overall the findings of the Zinn et al. study support that 

EBI was more efficient and effective than unstructured training procedures.  

No known published research has attempted to establish if an EBI protocol 

including group contingencies (mastery and token system) is an effective means of 

teaching young children within a small (n) group design. The current program of research 

employed a four member one- to-many (OTM) arrangement (3 classes); single- sample 

multiple- comparison and sample- as- node (SaN) (Fields, Hobbie-Reeve, Adams & 

Reeve, 1999). The purpose of the current study was to extend upon previous work as 

discussed in the previous chapters, by including slightly older participants and employed 

a small (n) group design to examine and EBI procedure and group contingencies for 

mastery of materials. This design allows the measurement of both the individual and small 

group data which was an important consideration given the young age of the participants 

involved who do not have as sophisticated learning history as adults. The first aim of the 

current study was therefore to explore the use of SRS as a response mechanism in an OTM 

protocol. The second aim was to examine small group responding through group 

contingencies during the teaching protocol and to determine if the protocol is effective 

with an older population. The final aim was to examine individual responding during the 

protocol and investigate categorisation skill development from pre to post testing phases.  

 

Experiment 1 

 

Method 

Ethics 

 All ethical information was similar to the ethical information in Chapter 1 and 2 and 

a copy of the approved ethical application can be found in Appendix D. Key differences 

in the ethical implications arose due to the small (n) group design. The children in this 

experiment were older and had sophisticated language abilities. Each child in addition to 

informed parental consent gave assent to take part in the study. Each child was given a 

visual and textual instruction sheet similar to that used in Chapters 1 and 2. The researcher 
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had a copy of the instructions and went through point with the class as a whole, pointing 

to the corresponding picture while holding the sheet for the children to see. At the end of 

the instructions the children completed either did or did not give assent to take part, no 

one child chose not to take part in the study.  

 The children were instructed that if any child needed a break or help to raise their 

hand. If any one child requested a break the experiment was stopped for all participants 

and a general break was taken. However breaks were built into the experiment and no one 

child actually requested a break. Throughout the study the children were reminded by the 

researcher and research assistant that their own results were not to be disclosed to anyone 

else in the classroom and not to provide others with an answers. This was implemented to 

ensure that privacy was maintained and reduce the possibility of any child feeling that 

they had made a mistake. The criterion for a trial to be correct was set at >50% in 

Experiment 1. As this research is preliminary in nature it was considered essential to 

ensure that the children remained engaged and that the session length not be excessive to 

cause boredom or frustration.  The criterion level was changed in the subsequent 

experiment as this was not found to effect the children’s motivation or create frustration. 

 

Participants 

Two small (n) groups of typically developing primary school-age children from two 

classes in a mainstream national school were recruited to take part in the study. Group 1 

consisted of ten children, three girls and seven boys aged between 5 and 7 years. Both 

Participant 6 and 7 were bilingual and English was not the primary language spoken at 

home. In Group 2, 16 children, 10 girls and six boys aged between 6 and 7 took part in 

the study. In this group Participants 8, 9, 10, 14 and 15 were bilingual with English not 

the primary language spoken at home. 

 

Settings and Materials 

All experimental sessions took place in the children’s own class room each located 

directly beside each other. The main classroom was a large square space, the children sat 

at group tables (a maximum of four per table) and six tables were present in each room. 

To the front of the group tables in each classroom there were two large whiteboards, one 
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of which was an interactive whiteboard connected to an overhead projector. A pull down 

laptop stand was fixed to in the centre of the wall between the two boards. During the 

study, three people were present in each of the classrooms in addition to the participants.  

These were the children’s teacher, the researcher (the author) and a research assistant. The 

role of the research assistant included distribution and collection of materials, technical 

issues and in addition participated in data collection. During experimental session the 

classroom teacher remained to the rear of the class. 

Experimental sessions were delivered via a laptop connected to the overhead 

projector. Actionpoint (Qwizdom.com, 2015) polling software for native PowerPoint ® 

files was used for the creation and delivery of the training and testing slides. The software 

provides an interactive delivery system, whereby responses to questions are made and 

scored instantly via an app or keypad. Participant responses were made via wireless SRS, 

Q4 response system. The Q4 handset is a lightweight handheld device, dimensions of 5.2 

x 11.5 x 1.6 (cm) and can be seen in Figure 4.1. It supports a variety of different question 

types such as multiple choice questions and is suitable for use with all ages (See Appendix 

E for equipment specifications). 
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Figure 4.1. The student response system Q4 handset which was used by each 

participant to respond individually during the experiments.  

 

The same stimuli (three sets) were employed for both participant groups. For ease 

of communication stimuli will be referred to using alphanumerics (e.g. A1, A2). The 

textual stimuli, the category name (A1, A2 and 3) were typed words created directly in 

the PowerPoint ® slides. All picture stimuli (B, C and D) were obtained from a variety of 

sources (see Appendix F for a list). The stimuli chosen can be seen in Table 4.1 were 

reflective of the Irish Primary School Curriculum: Social, Environmental and Scientific 

Education (SESE) (NCCA, 1999). The same text and images were used for pre and post-

experimental testing and computerised phases. Pre and post-experimental sessions were 

conducted via paper and pencil tests which differed in presentation layout, four layouts 

were created (see Appendix G for a sample of the pre and post-test used during the 

experiment). 
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Table 4. 1. List of stimuli used during the experiment with reference to the Irish 

Primary Curriculum. 

Relation Irish Primary Curriculum Relation Actual Stimuli 

A1 Fungi Printed Word Fungi 

B1 Does not move Picture of roots 

C1 Absorb nutrients from other organisms Picture of Compost 

D1 Example Mushroom Picture Mushroom 

A2 Plantae Printed Word Plantae 

B2 Structure Picture Roots, Stem and leaves 

C2 Autotroph (absorb nutrients from sun) Picture sun beams on tree 

D2 Example Plants Picture of flowering plants 

A3 Animalia Printed Word Animalia 

B3 
Get energy by consuming other 

organisms 

Picture Meat, Fish, Fruit and 

Veg 

C3 Movement Picture Man running with dog 

D3 Example Animalia Picture animal groups 

 

Pre-training was conducted prior to the lesson and all participants received an 

instruction sheet a picture of the SRS, a black box indicated to the power on/off button 

located at the top left of the clicker. The participants were asked to press this button and 

turn on their clicker then press the arrow button to send. When all the SRS devices had 

been turned on, the second instruction indicated a black outlined box under the A, B and 

C buttons located on the centre of the clicker was given. The researcher explained that the 

children would be asked to pick an answer using either A, B or C. The children were then 

asked if they were ready to practice using the SRS (see Appendix H). A glass jar (18 x 4) 

had a red taped band across the middle was used during training sessions and this jar 

differed to that shown in the instruction sheet. During training sessions a white 

polystyrene ball with gold stars (10 & 12 cm) was placed in the jar for each correct group 

response. 
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General Procedure 

 

Pre-experimental Test 

The purpose of the first test was to identify if the participants had pre-experimental 

knowledge of the categories chosen for use in the study. No participant exclusionary 

criteria were placed on this test, however, if the responses of the group demonstrated an 

overall knowledge of the stimuli for example, more than half of the group responded at 

over 50% responding then new stimuli sets would be tested. This was a pencil and paper 

test during which participants were required to draw a line from nine picture cards, to one 

of three boxes, each containing a printed category name (see Appendix G). These nine 

stimuli were those chosen for use in the experiment, three from each of the three 

corresponding categories. This type of test is similar to those typically used in educational 

settings.  

Prior to the participants being given the test, the researcher explained what was 

required and used a sample test to demonstrate. This sample was laid out in the same 

manner but the stimuli differed, the printed words were circle, triangle and square and the 

pictures stimuli consisted of corresponding shapes (circle, triangle & square) which 

differed only in colour (red, black & blue). The researcher read the instructions aloud to 

the classroom and subsequently demonstrated for two images on the sample what the 

children were required to do with their own test. Once the demonstration had been 

completed each participant received a printed test and a pencil which had an eraser top. 

Participants’ were instructed not to begin the until the researcher said ‘start’ and were 

instructed to raise their hand if they needed help or once they had completed the sheet. 

During the pre-experimental test the researcher stood at the front of the classroom 

observing. The research assistant walked around the rear of the room observing the 

students. Where any observation of any participant offering help to another in the group 

was observed the entire group were reminded of the rules by either the researcher or the 

research assistant. 

Correct responding was defined as the participant drawing a line connecting the 

picture card to the corresponding category box. Self - corrected errors were accepted as a 

correct response such as erasing the line and redrawing a line to the correct box. No 
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feedback was given to the participants at any stage during testing and no corrective actions 

were undertaken by either the researcher or the research assistant. 

 

Computerised OTM Training and Testing 

 

 Pre-training 

In order to familiarise the participants with the SRS a pre-training phase was 

conducted. The researcher held up one of the SRS devices and demonstrated how to turn 

on and use the device, additionally the instruction sheet which the participants received 

also showed the images (see Appendix H).  

Once participants had mastered turning on the clickers and knew where to locate 

the specific response buttons being used, they were exposed to a sample trial in the same 

format as the experimental trials. This trial was programmed in PowerPoint ® and 

projected onto a screen in the classroom.  A printed word appeared at the top of the screen 

to the centre of the slide. The experimenter read the word aloud (e.g. Bart Simpson) and 

left the word on the screen for approximately three seconds.   The sample stimulus was 

then removed and the three comparisons stimuli immediately appeared on the screen. 

Comparisons were listed horizontally to the left of the screen, each of the pictures were 

prefixed as A), B) and C).  

The researcher stated “If you think the answer is A press the A button on your 

clicker, B press the B button or C press the C button, then the arrow button”. Each block 

consisted of nine trials whereby each stimulus (3 per category) was presented in a pre-

determined randomised order across each block. The criterion for correct responding per 

trail was set at the total group response being greater than chance level. For Group 1, six 

out of ten participants or 60% or greater and for Group 2, nine out of 16 participants 56% 

participants must have selected the correct answer. Only four trials were provided during 

pre-training and the participants were only required to master one trial, as this phase was 

designed to familiarise the children with the SRS. 
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Phase 1: Mixed Conditional Discrimination  

During Phase 1 participants were directly trained to pair the A stimuli to the 

corresponding B, C and D stimuli using the same procedure as described for pre-training. 

For a visual representation of a training phase see Appendix I. For example, choosing B1 

from an array (B1, B2, & B3) was reinforced following the presentation of A1. Correct 

responding on trials was reinforced by the researcher placing a ball into the jar. The 

criteria for trial mastery was set as in pre-training > 50% correct over one trial, for Group 

1, six out of ten participants or 60% or greater and for Group 2, nine out of 16 participants, 

56% of participants must have selected the correct answer. The criterion to move forward 

to the next phase of the experiment was set at seven out 9 trials correct (78%) over one 

block. For a schematic representing the computerised phases see Figure 4.2. 

 

Phase 2: Mixed Symmetry Testing 

This phase tested for derived symmetry of the B, C and D stimuli to the respective 

A stimuli. Criterion performance was set as in Phase 1: Mixed Conditional Training. If 

the participants did not meet criteria, Phase 1 training restarted for a maximum of four 

train-test cycles. The instructions for testing phases differed from training because no 

reinforcement was provided. 

The participants were informed that this time the questions would look different and 

that we would not be placing the balls in the jar. 

 

1) We are going to answer some more questions. 

2) This time a picture will appear on the top and you will choose the word that 

matches. 

3) This is a test so we will not be putting balls in the jar this time. 

The criteria for trial mastery was > 50% correct over one trial, for Group 1, six out of 

ten participants or 60% or greater and for Group 2, nine out of 16 participants or 56% of 

participants must have selected the correct answer. The criterion to move forward to the 

next phase of the experiment was set at seven out 9 trials correct (78%) over one block. 

If either group failed the test a return to Phase 1 was implemented.  
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Phase 3: Equivalence Testing. 

The procedure for Phase 3 was the same as in Phase 2 with the exception that 

participants were tested on the six previously untested B-C, B-D, C-D, C-B, D-C & D-B 

relations for each of the three category sets (for all tested relations see Figure 4.2). This 

trial test block exposure consisted of 18 trials in which each stimulus pair was presented 

once across the block. The criterion to move on to the next Phase in the study was at 14 

out of 18 trials correct. Remedial action would be taken had any group failed to meet 

criterion for this phase. 

Post- Experimental Category Test 

 The purpose of this test was to determine if the participants demonstrated 

generalisation of the trained category members that were not demonstrated during pre-

experimental testing. The protocol for this phase was identical to that used in the pre-

experimental category test, but differed only in that the layout of the stimuli varied to the 

test sheets used previously. 
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Figure 4.2. Schematic of all training and testing phases for both groups in 

Experiment 1. 

Results and Discussion 
 

OTM Training and Testing 

Group Performances 

 The number of blocks required for each group to meet criteria can be seen in Table 

4.2. For Group 1, three blocks were required at Phase 1 before meeting criteria to move 

to test for mixed symmetrical relations in Phase 2 which was passed on the first attempt. 

Phase 3 equivalence testing was passed on the first attempt. 

For Group 2, four training blocks were required in Phase 1 before passing the test 

in Phase 2 in the first instance. Phase 3 test was then passed on the first attempt for Group 

2. 
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Table 4.2. Experiment 1: Blocks required for each group to meet criteria across all 

OTM training and testing phases. 

OTM Phase 
Group 1 

Blocks to Criteria 

Group 2 

Blocks to Criteria 

Mixed Conditional Discrimination 3 4 

Mixed Symmetry Testing 1 1 

Equivalence Testing 1 1 

 

Statistical Analysis 

Group 1 test scores were used in the analysis between the Pre and Post-Category 

Sort Phases (see Figure 4.3). The mean score in the Pre-category Sort Test was notably 

lower (M = 1.10, SD = 1.10) than at Post-category Sort Test (M = 6.80, SD = 1.31). 

  

 

Figure 4.3. Experiment 1: Mean score out of nine for Group 1: Senior Infant for Pre 

and Post-Category Sort Testing. 
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 For Group 1 a paired sample t-test was conducted to evaluate students’ scores on 

the pre and post-experimental category sort test. There was a statistically significant 

increase in test scores from pre -test (M=1.10, SD = 1.10) to Post -test (M=6.80, SD = 

1.31), t (9) = -10.58, p <0.0005 (two-tailed). The mean increase in the test scores was 

from -6.91 to -4.48. Cohen’s d statistic (0.96) indicated a large effect size. 

 

Group 2 test scores were used in the analysis between the Pre and Post-Category 

Sort Phases (see Figure 4.4). The mean score in the Pre-category Sort Test was notably 

lower (M = 0.81, SD = 0.75) than at Post-category Sort Test (M = 7.56, SD = 0.81). 

 

Figure 4.4. Experiment 1: Mean score out of nine for Group 2: First Class for Pre 

and Post-Category Sort Testing. 

 

For Group 2 a paired sample t-test was conducted to evaluate students’ scores on 

the pre and post-experimental category sort test. There was a statistically significant 

increase in test scores from pre -test (M=.81, SD =.75) to Post -test (M=7.56, SD =.81.), 

t (15) = -27.00, p <0.0005 (two-tailed). The mean increase in the test scores was from 

7.28 to -6.21. Cohen’s d statistic (0.99) indicated a large effect size. 
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Group 1: Pre and Post-Experimental Testing 

The raw data for the current experiment consisted of the pre and post-test scores 

for each participant in each group. As can be seen in Figure 4.5, the results for all 

participants in Group 1 showed a larger increase from pre-test scoring. The greatest 

increase in post-test scoring was seen for Participant 4, all nine stimuli were correctly 

matched. Participant 3 and 7, who had scored zero at pre-testing increased to seven stimuli 

corrected matched at post-testing. In addition Participant 6 who had scored one out of nine 

in pre-testing, increased their score by seven in the post-test and a total of eight were 

correctly matched. Participant 1 and 2 increased their post-test scores by an additional 

three stimuli matched. Participant 5, who had a score of zero increased to five at post-

testing. Participants 8, 9 and 10 all had an increase of six in the post-test. Participant 8, 9 

and 10 scored eight out of nine correctly at post-testing. 

 

 

Figure 4.5. Experiment 1: Pre and Post-test scoring for Participants 1-10 in Group 

1: Senior Infants. 
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Group 2: Pre and Post-Category Testing 

 The results of the pre and post-category test for all participants in Group 2 can be 

seen in Figure 4.6. In this group, Participants 2, 7 and 12 showed the least amount of gains 

in terms of post-test scoring with an increase of five additional stimuli correctly matched. 

The highest gains in this group were seen in Participants 6, 10, 13 and 15, all of these 

participants correctly matched an additional eight stimuli at post-testing. Three children, 

Participants 4, 8 and 9 increased in scoring by an additional six stimuli correctly matched 

at post-testing. Six children, Participants 1, 3, 5, 11, 14 and 16 sorted an additional seven 

stimuli at post-testing. None of the participants in this group correctly matched all nine 

stimuli at post-testing. 

 

Figure 4.6. Experiment 1: Pre and Post-test scoring for Participants 1-16 in Group 

2. 

 

Group 1: Individual Performance 

Individual performance across training and testing phases for Group 1 can be seen 

in Table 4.3. While not an aim of the current study the data warrants investigation. During 

training phases there were vast differences in individual performance scores. Scoring over 
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chance responding is marked by an (*) in Table 4.3. At Phase 1, Block 3, only two 

participants (Participant 3 and 9) scored nine out of nine trials correct. Participant 5 and 

6 scored at levels below chance responding during this training block, Participant 5 scored 

two and Participant 6 scored three out of nine trials correct. All other participants scored 

at over chance levels during this phase. Interestingly the highest score recorded for Phase 

2 mixed symmetry testing was for Participant 3 who scored seven out of nine trials correct. 

With the exception of Participants 1 and 5 who scored at the same level, all other 

participants scores decreased from those seen in the last training Block 3 in Phase 1. In 

the final test Phase 3, five of the Participants 1, 2, 3, 7 and 8 scored at or under chance 

levels. The highest score recorded in the test for equivalence was for Participant 5 who 

scored 17 out of 18 trials correct. 

 

Table 4.3. Experiment 1: Group 1, OTM training and testing phases for 

Participants 1-10. 

Participant ID 

Phase 1 

Block 1 

Phase 1 

Block 2 

Phase 1 

Block 3 Phase 2 Phase 3 

1 4/9 3/9 6/9* 6/9* 8/18 

2 6/9* 6/9* 7/9* 5/9* 9/18 

3 4/9 5/9* 9/9* 7/9* 7/18 

4 5/9* 5/9* 7/9* 4/9 14/18* 

5 1/9 7/9* 3/9 3/9 17/18* 

6 2/9 4/9 2/9 4/9 10/18* 

7 4/9 3/9 6/9* 5/9* 7/18 

8 4/9 6/9* 6/9* 5/9* 7/18 

9 5/9* 7/9* 9/9* 5/9* 12/18* 

10 3/9 6/9* 6/9* 5/9* 11/18* 

 

Group 2 Individual Performance 

For Group 2, four training blocks were required at Phase 1 Mixed Conditional 

Discrimination training. As can be seen in Table 4.4 the lowest scores recorded in Block 

4, Phase 1 were for Participants 10 and 15 who scored three out of nine trials correct. 
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Scores above chance responding are indicated by an (*) in Table 4.4. The highest score 

recorded was for Participant 1 with nine out of nine correct. All other participants scored 

at above chance levels during this block. In the following Phase 2 which tested for the 

symmetrical relations only two participants showed an increase in scoring, Participant 10 

scored five out of nine trials correct and Participant 15 scored six out of nine trials 

correctly. The highest score recorded was for Participant 1 with a score of eight out of 

nine trials correct. In Phase 3 test for equivalence relations the highest score recorded was 

for Participant 1, who scored 15 out 18 correct. Six of the participants in Group 2 scored 

at or below chance responding. 

 

Table 4.4. Experiment 1: Individual scores for Participant 1-16 in Group 2, OTM 

training and testing phases. 

Participant ID 

Phase 1 

Block 1 

Phase 1 

Block 2 

Phase 1 

Block 3 

Phase 1 

Block 4 Phase 2  Phase 3 

1 5/9 7/9* 7/9* 9/9* 8/9* 12/18* 

2 3/9 5/9 7/9* 8/9* 7/9* 11/18* 

3 1/9 9/9* 8/9* 7/9* 6/9* 8/18 

4 6/9* 6/9* 6/9* 7/9* 5/9* 11/18* 

5 3/9 6/9* 5/9* 7/9* 6/9* 8/18 

6 4/9 2/9 6/9* 7/9* 6/9* 10/18* 

7 7/9* 3/9 3/9 7/9* 5/9* 9/18 

8 7/9* 5/9 7/9* 8/9* 8/9* 14/18* 

9 5/9 7/9* 6/9* 6/9* 3/9 9/18 

10 5/9 7/9* 8/9* 3/9 5/9* 6/18 

11 7/9* 3/9 7/9* 6/9* 7/9* 11/18* 

12 5/9 6/9* 5/9* 7/9* 6/9* 15/18* 

13 7/9* 6/9* 6/9* 7/9* 6/9* 12/18* 

14 6/9* 6/9* 7/9* 8/9* 4/9 13/18* 

15 3/9 3/9 3/9 3/9 6/9* 14/18* 

16 5/9 4/9 6/9* 7/9* 5/9* 9/18 



 

129 

 

Summary of Experiment 1 

 

In Experiment 1 two groups were taught the same educational goals using 

individual SRS to respond to an OTM protocol. During Experiment 1 the criteria for 

mastery during trials was lower than that seen in the previous empirical Chapters (Chapter 

2-4). As this study was examining group responding versus individual responding, 

criterion for mastery was set per trial and per block. The criterion for trail mastery differed 

for each group depending on the number of participants. For Group 1, six out of ten 

participants or 60% or greater, and for Group 2, nine out of 16 participants, 56% or greater 

must have selected the correct answer. While these criteria meant that the groups met 

criterion for mastery when examined at an individual level, none of the participants 

individually would have passed all training and testing phases. Additionally, in 

Experiment 1, feedback differed to that typically seen as participants still received 

individual feedback on their clicker per trial during testing phases. Therefore it is entirely 

possible that the children were still learning through the reinforced correct responses made 

during the symmetry test. Both of the methodological issues listed, may account for the 

variability that can be seen in the individual data for OTM training and testing phases. 

Indeed the results of the category sort test which saw an increase for all participants in 

both groups would indicate that learning was still occurring during testing phases. 

The results however are interesting from a learning perspective as they highlight 

that even though a group may be performing, that individually students may not be 

learning at the same rate. Using the SRS these individual learning differences can be 

quickly identified through the reports generated which offer many benefits within the 

traditional classroom structure where learning difficulties may not be identified until 

individual testing is conducted. Within traditional approaches these tests are often 

conducted annually. However in order to examine group responding under a stricter 

methodological approach Experiment 2 was then conducted. 
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Experiment 2 

Method 
 

The general methodology employed in Experiment 2 was exactly the same as 

Experiment 1 with some slight modifications. The criterion for mastery per trial was 

increased to greater than 80% of participants in the group making the correct response. 

The mastery for a block was additionally increased to 80% or greater. In the current study 

eight out of nine trials correct (88%) over Phase 1 and 2 training and testing blocks and 

16 out of 18 trails (88%) for Phase 3. In addition, the SRS programme was modified so 

that no feedback was given either as a group or individually during Phase 2 and 3 testing. 

Due to the increase in criteria it was expected that the duration of the experiment 

would be greater than that seen in Experiment 1. In order to prevent participant fatigue 

Experiment 2 was conducted over two sessions. Session 1 saw the administration of the 

pre-test and pre-training with the SRS. Session 2 was conducted the following day and 

saw the implementation of experimental phases (Phase 1-3) and the post-experimental 

test. 

 

Participants 

One group of typically developing, school aged children, from a mainstream class 

in a different national school located in the greater Dublin region were recruited to take 

part in the study. Experiment 2, Group 1 consisted of six children, four boys and two girls 

aged 5-6 years. Only Participant 6 were bilingual with English not the primary language 

spoken at home. 

 

Settings and Materials 

During the study, two people were present in each of the classrooms, the children’s 

teacher and the researcher. The research assistant was not present for Experiment 2. 

During experimental sessions the classroom teacher remained to the rear of the class. All 

experimental sessions took place in the children’s own class room which consisted of a 

large square space, the children sat at two group tables (three per table) positioned in front 
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of a projector screen to the left of the classroom. All experimental materials were the same 

as in Experiment 1.  

 

Results 

 

OTM Training and Testing 

Group 1 

 The number of blocks required for Group 1 to meet criteria can be seen in Table 

5.5. For Group 1, two exposures were required at Phase1 before criteria was met on the 

test for mixed symmetrical relations in Phase 2, on the second attempt. Phase 3 

equivalence testing was passed on the first instance. 

 

Table 4.5. Experiment 2: Group 1, blocks required to meet criteria across all OTM 

training and testing phases. 

OTM Phase 
Group 1 

Blocks to Criteria 

Mixed Conditional Discrimination 10 

Mixed Symmetry Testing 2 

Equivalence Testing 1 

 

Statistical Analysis 

Group 1 test scores were used in the analysis between the Pre and Post-Category 

Sort Phases (see Figure 4.7). The mean score in the Pre-category Sort Test was notably 

lower (M = 1.66, SD = 0.81) than at Post-category Sort Test (M = 8.50, SD = 0.83). 
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Figure 4.7. Experiment 2: Group 1, mean score out of nine for Pre and Post-

experimental tests. 

 

 For Group 1, a paired sample t-test was conducted to evaluate students’ scores on 

the pre and post-experimental category sort test. There was a statistically significant 

increase in test scores from pre -test (M = 1.66, SD = 0.81) to post-category sort test (M 

= 8.50, SD = 0.83), t (5) = -17.02, p <0.0001 (two-tailed). The mean increase in the test 

scores was from 0.33 to 0.34. Cohen’s d statistic (0.99) indicated a large effect size. 

 

Group 1: Pre and Post-Experimental Testing 

The raw data for the Experiment 2 consisted of the pre and post-test scores for 

each participant in each group. As can be seen in Figure 4.8 the results for all participants 

in Group 1 showed a larger increase from pre-test scoring. The greatest increase in post-

test scoring was seen for Participants 2 and 3, all nine stimuli were correctly matched at 

post-testing, an increase of eight.  
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Figure 4.8. Experiment 2: Group 1, pre and post-experimental test scores for 

Participants 1-6. 

 

Group 1: Individual Performance 

Individual performance across training and testing phases for Group 1 can be seen 

in Table 4.6. While not an aim of the current study as in Experiment 2 the data warrants 

investigation. During training phases, vast differences in individual performance scores 

were recorded, as can be seen in Table 4.6. Where a participant would have met the criteria 

for a block 80% or greater or eight out of nine trials correct Phase 1-2 or 16 out of 18 

Phase 3 is indicated by an * after the score. Participant 1, 3 and 6 met the criteria for Phase 

1 very quickly at Block 3. Interestingly Participant 6 performance levels dropped off and 

did not return to criterion level until Block 10. A similar reduction in criterion 

performance was seen for Participant 2. Participant 3 however maintained performance at 

or near criterion level until the entire group met criterion. This variability in performance 
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may indicate boredom or frustration in Participant 1 and 6 as performance did not increase 

until the other group participants began to show performance levels near criterion levels. 

It can be seen in Table 4.6 that at Block 9 when the group first met criteria to move 

to Phase 2 testing, the responding was actually below 80% for half of the participants, but 

as a group, they had met criterion to move to Phase 2 testing. The scores for Phase 2 test 

on the first instance reflect the group score, no one participant had scored at 80% criteria 

on this test. During the second exposure it can be seen that five of the six participants 

scored at 80%. In the second exposure to Phase 2, symmetry testing all participants scored 

100%. While as a group they passed the test for equivalence at Phase 3 only four of the 

six participants would have individually passed.  
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Table 4.6. Experiment 2: Group 1 Participant 1-6 individual scores for OTM training and testing phases. * indicates block 

criteria met. 

ID 
Phase 1 

Block 1 

Phase 1 

Block 2 

Phase 1 

Block 3 

Phase 1 

Block 4 

Phase 1 

Block 5 

Phase 1 

Block 6 

Phase 1 

Block 7 

Phase 1 

Block 8 

Phase 1 

Block 9 

 

Phase 2 

Block 1 

 

Phase 1 

Block 10 

Phase 2 

Block 2 
Phase 3 

1 
3 1 8* 5 6 8* 8* 7 7 6 8* 9* 15 

2 
2 3 5 7 8* 8* 8* 7 8* 6 8* 9* 16* 

3 
2 6 9* 8* 8* 7 8* 7 8* 6 8* 9* 17* 

4 
2 5 7 5 8* 6 6 7 6 6 7 9* 17* 

5 
4 5 7 7 7 8* 6 7 8* 7 8* 9* 14 

6 
2 6 9* 8* 6 7 7 6 6 6 8* 9* 16* 

 



 

 

General Discussion 

 

The current research expanded on the existing EBI literature by investigating an EBI 

procedure to teach generic skills by incorporating group contingencies in a small (n) group 

design. To date no known published research has examined EBI procedures and small 

group contingencies in the equivalence literature and the results of the current study 

provide the first preliminary methodology and data in this research area. The results 

provide an important step in EBI research as the current methodology was successful in 

teaching previously unknown generic skills that were functionally relevant to the 

participants’ general education. Two experiments were conducted and as a group, all 

participants successfully passed all training and testing phases without any need for 

remedial action. However following examination of individual performances in 

Experiment 1, it was discovered that performance levels did not reach a criterion that 

demonstrated significant learning outcomes for all individuals. If the criterion had been 

set for each individual versus the group overall in Experiment 1 even at chance levels, the 

number of participants who met all the properties of equivalence were at low levels. From 

Group 1, Experiment 1 only two of the ten participants passed the training and subsequent 

tests at chance level, Participant 9 and 10. In Group 2, eight out of 16 participants passed 

all training and testing phases. However all demonstrated a significant increase in post-

test scoring. The methodological flaw whereby feedback was provided individually on 

the SRS may account for the learning demonstrated at post-test.  

 While Experiment 1 showed positive evidence that the methodology was easy to 

implement in a short period of time, the criterion levels and feedback provided were a 

flaw in the design. Experiment 2 was conducted in order to address these flaws and 

examine the methodology more stringently. It was anticipated based on the data from 

Experiment 1 that as a group, participants in Experiment 2, would require significantly 

more training to meet the increased criterion. In Experiment 2 the overall duration 

required was slightly longer and was conducted over two sessions in order to prevent 

participant fatigue and minimize any possible frustration. In Experiment 2 the results 

demonstrated that not only did the group pass all the training and testing phases, four out 

of six participants passed all the training and testing phases meeting the criteria for 
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equivalence. While examination of individual responding was not an initial aim of the 

study it became an obvious area of both concern and interest. The results demonstrated 

are quite possibly reflective of group learning situations whereby certain individuals are 

quicker to learn the targeted goals and other participants need additional training. One 

benefit of the SRS is that it provides both individual and group scores quickly and 

therefore can be used to identify differences in participant learning outcomes and not just 

group performance. In particular identification of both rapid learners and those who 

demonstrate slower learning patterns, that may otherwise go unnoticed in group teaching 

situations, would be of great benefit within a variety of educational settings. Early 

identification of deficits may in turn provide students with additional one to one remedial 

teaching time. Systems such as the SRS can be developed to deliver self-paced lessons 

which may benefit students who differing rates of learning.  

 The use of the SRS in conjunction with equivalence based instruction that 

incorporated group contingencies was successful in teaching generic skills in a small (n) 

group design. In terms of use, the SRS with a typically developing young population was 

easy to train, and the SRS was an extremely novel experience for the children. The lesson 

development is delivered through a well-established and developed medium, PowerPoint 

®, which is a widely known and used tool and once familiar with the software, lessons 

can be quickly developed. Such a delivery offers a wide scope of educational goals which 

can be targeted for learning, spelling, mathematics, geography, history and science to 

name but a few. Importantly the incorporation of SRS and EBI as demonstrated within 

the current study provides a methodology for the future study of group contingencies 

within equivalence research. Such incorporation may lead to the development of 

productive and cost effective teaching methods as called for by Crow (2008). Empirically 

based methodologies may have application, not just within traditional mainstream 

education, but across a variety of populations.  

 Indeed there is application for future research to examine the incorporation of 

low tech systems which are readily available to examine efficacy and under an 

equivalence paradigm. In addition an RCT design similar to that used by Zinn et al. (2015) 

could be used to explore the efficacy of EBI in a larger group setting. Such research could 

incorporate both a control-group and also participants could be assigned to a traditional 
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learn as usual (LAU) lesson; where by children are typically taught everything. However 

it must be noted that the use of an RCT design with a younger population may not produce 

the same within and between-subject data that can be examined under SCRD as 

demonstrated in the current study. A further research direction may then include the 

incorporation of RCT and SCRD as complimentary designs which may in turn provide a 

more comprehensive account to examine EBI procedures with incorporate using group 

contingencies/equivalence to produce derived responding with a classroom population. 

 



 

 

Chapter 5: Discussion 
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The primary aim of the current research programme was to test the effectiveness 

of computerised equivalence based instruction (EBI) procedures in teaching both 

individualized, tailored to needs functional categories and generic skills to young children 

across a variety of educational settings. By nature, EBI procedures focus on teaching 

functional relations between, objects, concepts or events that children may encounter in 

the real world. The examination of categorisation has great societal value; arguably it is 

the ability to categorise, that enables individuals to make sense of the world in which they 

live (Murphy, 2002). Outside of the behaviour analytic field, it is a held belief that 

behavioural theorists have little to offer the investigation of categorisation and concept 

learning (Murphy; Medin & Rips, 2005) and EBI research may begin to counter those 

misconceptions. Rehfeldt (2011) called for ecologically valid research to investigate the 

application of EBI to naturalistic educational settings. Research responses to this call may 

in turn begin to address the misconception held by cognitive theorists and furthermore 

promote behaviour analytic theory into the wider education practice.  

Over the course of three empirical chapters, variations of EBI procedures were 

thoroughly examined. Across three of the empirical studies (Chapters 2 & 3) the use of 

individualised and functional categories were focused upon in one-to-one training to 

address deficits in each participant’s knowledge, rather than the generic skills that are 

often targeted for groups of children. In Chapter 4, the third study, a different EBI 

procedure was tested in a mainstream classroom setting with a small (n) group, rather than 

individual, sessions. Overall, the procedures appeared to be effective when applied across 

different age groups and populations of young children, and also when compared to 

another, more commonly used teaching method.  In Chapter 2, the effectiveness of EBI 

to teach individualised real-world category membership was demonstrated using a 

touchscreen three, three member modified MTS procedure. The use of touchscreens is 

novel and relatively unusual in the literature (Still et al., 2015) and so Chapter 2 provides 

important data in what can only be a growing area of novel technology application. 

Furthermore the modified EBI procedure has further expanded the literature by 

introducing a table top training stage whereby the category name was receptively trained 

to the C stimulus for each class. This allowed for the testing of the transfer of the trained 

category name to the C stimulus to the other members (two from each of the three classes). 
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In addition the category name transfer was then tested post experimentally to examine if 

transfer occurred for other members that had been pre-experimentally tested but were not 

chosen for training through the MTS procedure (six stimuli from each of the three classes).   

The second empirical study (Chapter 3) was extremely novel in its efforts to compare the 

efficacy of the EBI procedure against a teaching aspect of a widely used methodology 

(the Montessori Method, MM) to teach categorisation. Such comparisons have been 

notably absent in the literature, and the preliminary findings that EBI compared 

favourable to a modified MM procedure, is extremely important in determining the 

functional ecology of behavioural teaching strategies that have typically been examined 

in laboratory based studies using arbitrary nonsense stimuli (Critchfield & Fienup, 2013; 

Taylor & Reilly, 2011). 

The third empirical study (Chapter 4) further sought to advance the EBI literature 

by expanding application to traditional education teaching situations which have not yet 

been investigated in previous studies, but which are invaluable in examining the 

ecological validity of EBI procedures in applied settings. The findings support the use of 

EBI procedures to teach generic categorisation skills with young children, specifically 

using an OTM paradigm. The results furthermore support the notion that merger of EBI 

procedures with existing technologies, as called for by Twyman (2011), may provide a 

means in which to examine group learning. The use of a small (n) group design sheds 

light on a critical aspect of group learning, that of accounting for and accommodating the 

diversity of individual learners within a group (Crow, 2008). Uniquely, the EBI procedure 

implemented provided such a means and this may have greater future application in 

educational settings. The findings of each empirical chapter were discussed individually 

and so the current chapter will briefly examine the results in a broader application to 

current published findings on DRR and EBI more widely. In addition, applied 

implications and suggested future directions will be discussed.   

 

Chapter 2 

 Researchers studying Stimulus Equivalence have typically targeted arbitrary 

stimuli or generic skills for groups of individuals. While the demonstration of DRR under 

controlled conditions is an essential and necessary investigation, the result yielded may 
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not reflect real world learning environments. EBI offers a means in which to examine 

functional DRR skill development in naturalistic settings, through the use of DRR 

procedures which incorporate behavioural principals and techniques. Numerous authors 

have made calls for the investigation of such phenomenon in real world settings (Hull, 

1920; Rehfeldt, 2011; Pytte & Fienup, 2012) and some steps have been taken to address 

this in adult populations (e.g., Critchfield & Fienup, 2010; Fields et al., 2009; Fienup et 

al., 2010; Ninness et al., 2009; Ninnes et al., 2006; Pytte & Fienup, 2012; Sella et al., 

2014; Taylor & O'Reilly, 2011: Walker & Rehfeldt 2012). However, there remains a 

limited body of EBI research that has targeted individualised and functional skills for 

young children. Furthermore, research with children has often relied on table top 

procedures and has typically been conducted with populations of individuals with 

developmental delay such as a diagnosis of ASD (Groskreutz et al., 2010; LeBlanc et al., 

2003). The current thesis has therefore aimed to address this perceived gap in the 

literature. Chapter 2 did this by teaching categorisation skills across two populations of 

young children. In Experiment 1, neurotypical young children, and in Experiment 2 

children with Autistic Spectrum Disorder (ASD) were investigated. In addition, Chapter 

2 expanded on the existing EBI literature by targeting individually tailored, rather than 

generic, skills for each participant. Targeting of individual skills involved the 

development of a category pre-test to establish individual pre-existing knowledge which 

was a critically important aspect of the methodology.  

 Typically following training and testing under linear MTS protocols, tests for 

generalisation are immediately conducted. However, the current methodology uniquely 

included an additional aspect whereby the category name was receptively trained to the C 

stimuli. This was purposefully trained to the C stimuli; the last to be trained in the MTS 

computerised stages and given the participants’ ages, was most likely to have been 

retained. The pre-experimental sort test had identified two aspects of pre-experimental 

knowledge.  Firstly, if the participants were sorting based on the category name or 

secondly, if sorting was as a result of reliance on perceptual commonalities. One limitation 

identified is that training of the category name to the C stimuli may not have necessarily 

been required. The post category sort test was not conducted until after the receptive 

training and therefore this could be identified as a limitation of the procedure. It could be 
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argued that the children may have demonstrated categorisation for the directly trained or 

derived relations found directly following the computerised MTS procedure. Many of the 

additional stimuli had been pre-experimentally paired during the sort test however, these 

were sorted incorrectly and therefore it can be assumed they were not under the control 

of the category name. It can be hypothesised that if the receptive category name was not 

trained to the C stimuli, generalisation effects to these additional class members would 

not be expected to occur as no relation between the additional members (other than 

perhaps some perceptual similarity) exists. Future research could indeed test this 

hypothesis by introducing a sort test prior to training the category name to establish the 

extent that the directly trained members have on class expansion in terms of perceptual 

commonality.  

 The results of both experiments in Chapter 2 add to and extend the literature 

supporting the use of MTS to develop associative or natural categories. All participants 

passed all training and testing phases without the need for remedial action and categorised 

the stimuli that were pre-experimentally known, targeted for trained during match-to-

sample phases and also additional untrained stimuli at post-testing. The findings of the 

study support recent research that such procedures are effective in developing derived 

skills across populations (McLay et al., 2014). The findings extend the literature by 

tailoring the programme to target individualised skills in young populations, this means 

that the skills taught are functional for the learner. Findings for the children with an ASD 

diagnosis in Experiment 2 are consistent with research that has examined equivalence 

class formation with this population (LeBlanc et al., 2003; McLay et al, 2014). In keeping 

with previously published research, Chapter 2 findings support that that procedural 

changes, such as a reduction in the number of members being taught, may be required 

when applying MTS training for these populations. Stringent mastery criteria may also 

facilitate retention of the directly trained members and this has been suggested by 

researchers previously (Arntzen & Holth., 1997; Devany et al., 1986). However, it must 

be noted that the current mastery criteria was set at quite a high level (eight out nine 

correct in Chapters 2-4 which used the MTS procedure to train three conditional 

discriminations). Therefore, in these young populations criterion level alone may not be 

responsible for failure on tests for equivalence.  
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 The modified MTS procedure included phases whereby participants were trained 

and tested for symmetry on A-B and B-C relations separately, before a return to mixed 

conditional discrimination training (A-B, B-C) and testing (B-A , C-B) phases was made. 

This modification is not typically found within the literature and extends upon published 

EBI research with young children. Given the young age of the participants’, these phases 

were included in the procedure as a precaution and as a measure to ensure retention of the 

previously trained relations (A-B and B-C). Interestingly, the findings would suggest that 

even though the participants with ASD had already met the criteria at a previous phase 

(i.e. A-B, B-A training and testing), there was a possibility that failure on the combined 

transitivity test would have occurred as none of the ASD participants passed the mixed 

conditional training (A-B, B-C) and testing (B-A, C-B) phases on the first instance even 

though these relations had been previously demonstrated as having met mastery criteria. 

Future research conducted with very young children or those with a specific diagnosis 

could indeed use a similar retrain and test phases in order to establish retention before 

tests for combined transitivity. Within applied research such procedural rigidity may serve 

to provide a more accurate description of learning in young children with whom sessions 

are often conducted over longer periods of time. It could be further argued that the data 

demonstrate that learning is not occurring for these populations in the time between 

experimental sessions. If learning or maintenance of the skills were occurring outside of 

session the expectancy would be for responding levels to increase or at the very least be 

maintained in the time between experimental sessions.  

In Chapter 2 Experiment 2, although all participants had a diagnosis of ASD, none 

had a language age equivalence of less than one year of age. Participant 2 in Experiment 

two had the lowest age equivalent language ability across all the empirical Chapters. His 

Receptive language score was lower than the other participant with ASD and his 

expressive language was near absent, some babbling and vocal sounds. These results do 

provide indirect evidence supporting the view that receptive language ability is critical in 

the formation of categorisation (McLay et al., 2014). Certainly the findings indicate that 

EBI procedures may offer a quick way to effectively target individual skill deficits in 

children. Furthermore, such procedures may serve as an effective means to bring together 

skills that are splintered and may be suitable for use with a much broader range of 
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population than examined in the current thesis. The overall success and seemly ease of 

use, led to questions regarding efficacy of the procedure and the next empirical study 

Chapter 3 was conducted to examine if the procedure has application in mainstream 

educational settings.  

Chapter 3 

The second empirical study, Chapter 3, was conducted specifically to compare the 

efficacy of the MTS procedure with a widely used teaching aspect taken from the 

Montessori Method. A yoked-pairs within participant design, was used to investigate the 

effectiveness of the modified MTS protocol (Teaching Protocol 1) with an aspect of the 

Montessori Method (Teaching Protocol 2) to teach non-overlapping, functional and 

individualised categories. The order of exposure to the teaching protocols was 

counterbalanced across participants. As in Chapter 2, the MTS procedure, Teaching 

Protocol 1, was successful and all participants passed all teaching phases. The same level 

of success was found in Teaching Protocol 2 and no participant required additional 

modification to either protocol. The findings from across both protocols were comparable 

indicating the MTS procedure has application in mainstream education settings. Little 

difference in the length of time needed to teach the categories using either protocol, the 

shortest duration for Teaching Protocol 1 was 45 m for Participant 4, while in comparison, 

in Teaching Protocol 2 the shortest was 59m for Participant 4. Interestingly, there were 

clear differences in the number of learning opportunities across the protocols.  For 

Teaching Protocol 1, the greatest number of trials to criterion was 300 for Participant 1 

and the lowest was 216 for Participants 4, 5 and 7. In Teaching Protocol 2, even though 

each stimulus was directly trained to each other, there was typically a lower number of 

learning opportunities.  The greatest number of trials to criterion was 232 for Participant 

1 and the lowest 187 for Participant 4. The transfer of the receptively taught category 

name was found to transfer not only to other stimuli which were previously unknown but 

additionally to other stimuli which were unknown and not targeted for training.  

The transfer of the receptively trained category name was also seen to transfer to 

the participants’ tacting (vocally naming) the stimuli when tested and these findings are 

of particular interest in terms of the DRR literature.  The tact test was introduced as a 

measure of balance to Teaching Protocol 2 because the participants underwent training of 
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the category name as standard under the Montessori Method. The tact test was not a key 

part of the investigation and therefore this test revealed surprising results which warrant 

further investigation. Within Montessori Method, Teaching Protocol 2, the children were 

trained both the speaker and listener names. However the name was only receptively 

trained as listener behaviour in the modified MTS protocol to the three C stimuli. The 

investigation of training relations as either speaker or listener was not the purpose of the 

investigation, and there are key procedural differences in the modified MTS protocol and 

those reported more widely (Miguel et al., 2008; O’Connor et al., 2011).  Nonetheless, 

further investigation of this unexpected transfer is required.  

The preliminary findings of Chapter 3 extends both the Montessori and EBI 

literature. No previously known published research has attempted to make such a 

comparison with another teaching method in either discipline with a young population. 

Traditionally the Montessori Method has focused upon on long term achievements versus 

specific teaching aspects (Cox & Rowlands, 2000; Krafft & Berk, 1998; Lillard, 2012; 

Lillard & Else-Quest, 2006). These findings not only indicate to the effectiveness of the 

method, but also offer a new perspective to examining the effectiveness of the methods 

underlying procedures. Nevertheless the current findings raise an important question 

when considering the literature on EBI of which the thesis is concerned. In direct contrast 

to findings reported by Critchfield and Fienup (2013), wherein the taught everything 

group (whereby all stimuli were directly trained similar to the Montessori approach) 

performed better than the emergent relations group whom responded at chance levels, few 

differences were found between either methodologies employed in Chapter 3. As 

discussed in Chapter 3, the most simplistic explanation for the contrasting results lies in 

methodological differences. The findings of Chapter 3 would strengthen the view that 

more trained comparison relations are required in order to establish stable response 

repertoires (Critchfield & Fienup). One fundamental assumption of EBI is that by training 

just a few relations that other skills develop without being directly taught. Efficacy of 

such procedures is therefore a fundamental research area and the findings from Chapter 2 

and 3 offer preliminary support for the efficacy of EBI and extend the current body of 

research by comparing a teaching aspect from a well-known and popular method typically 

used in educational settings with young children. Efficacy nonetheless takes many forms, 
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and future research could explore other aspects of the efficiency of EBI procedures with 

those traditionally found across a range of educational settings. Comparisons of teaching 

procedures that are more closely matched should be the topic of future research. One 

limitation of Chapter 4 is that the EBI procedure is designed to result in derived/untrained 

relations to form whereby the Montessori aspect specifically teaches each relation. Other 

areas of research could focus on instructor engagement in terms of preparation, teaching 

time and reporting of student development.  Moreover, further research is additionally 

required to investigate whether comparable findings exist when other skill areas are 

targeted. Future research using or incorporating other research designs such as RCT (Zinn 

et al., 2015) may provide EBI researchers with a means to explore the validity of EBI, 

across populations and in a range of educational settings.    

 

Chapter 4 

Chapter 4 differed quite significantly from the previous empirical chapters in its 

reliance on small (n) group design. It incorporated an EBI procedure, specifically an OTM 

paradigm with a student response system (an existing technology which is widely 

available, researched and tested for usability). Software development which incorporates 

validated EBI procedures provides an exciting area for future research development. The 

growth and availability of technology has marked a turning point in the way in which 

society communicates and learns. As Twyman (2011) highlighted behaviour analysts 

have much to offer, and many opportunities to modify existing and emerging technologies 

currently exist. In terms of true ecological validity of EBI procedures, usability and 

efficacy of EBI procedures incorporated with technology still required further 

investigation and Chapter 4 was conducted to explore EBI with an innovative and novel 

technology, a SRS. The findings seen in Chapter 4 offer an inventive and unique insight 

into some of the possibilities that are currently available. In Chapter 4 an OTM procedure 

was successful in teaching category membership which included group contingencies 

offering new findings to the existing EBI literature. The development of this preliminary 

investigation require the protocol adjustment to attain high levels of responding across all 

participants. Following Experiment 1 and 2, an immediate concern was that not all 

children met the criteria of all three properties of equivalence even though as a group 
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criterion was met. Mastery criterion was identified as a variable that impacted upon 

individual performance and levels of responding. One concern regarding a high level of 

mastery criterion centred in ethical concerns. Would the children become frustrated with 

repeated trials or if one child acquired the skills quickly in comparison to the other 

children; would boredom or fatigue set in resulting in distress for anyone child? This 

however was not found to be the case and as a result modification to the criterion was 

made for Experiment 3. The findings showed an increase in individual and group 

performance levels and the children all demonstrated increases in post-test scoring.  

While generic skills have been targeted frequently there are many potential 

opportunities for future research to explore the teaching of other generic skills under group 

responding such as mathematics, history, geography and other generic skills that are 

targeted for children (e.g. Miguel et al., 2008; Haegele et al., 2011). One limitation of 

Chapter 4 is that tests for retention were not built into the design and the focus was on 

short term gains. Future research could indeed incorporate additional tests for 

generalization and retention of skills over time which is imperative within educational 

systems. One standout aspect of the procedure used in Chapter 4 is the ability to quickly 

identify participants who may be struggling to meet educational goals or on the other hand 

may not be challenged by the skills targeted which are provided to groups of children. 

Further investigations are required and procedures such as the one used in Chapter 4 may 

have greater application in educational settings as a means to identify strengths and 

deficits. Peer modelling and team learning are additional areas which could be 

incorporated and investigated using similar procedures.  

  

EBI and Young Children 

The EBI procedure used across the first three empirical studies (Chapters 2-4) 

found positive results which expand the EBI literature by tailoring category skills to each 

individual participant rather than teaching generic skills across young participants. Across 

all of the empirical studies (Chapter 2-3) the EBI procedure included the same (three, 

three-member) modified MTS procedure which was successfully passed by all 

participants without the need for remedial action such a MET. The findings across Chapter 

2-4 are contradictory to those reported in Miguel et al. (2008) and O’Connor et al. (2011). 
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Key differences are nonetheless evident between the methodologies employed and more 

specifically the type of stimuli applied across these studies. The results of Chapter 2, 

Experiment 2 which examined DRR in children with a diagnosis of ASD with normative 

language abilities below their age norm are of interest. Consistent with published research 

(Maguire et al., 1994; McLay et al., 2014; O’Connor et al., 2011; O’Connor et al., 2009) 

the children in Experiment 2 required extensively more training and testing blocks before 

success was met. The typically developing children across the studies conducted 

(Chapters 2-4) demonstrated the formation of equivalence classes with relative ease in 

contrast to the variability seen in Experiment 2 with the children with ASD to demonstrate 

the emergence of DRR. As previously discussed the protocol was purposefully designed 

to rely on visual and auditory modalities and as such good receptive language ability 

which was determined through formal language assessment as a requirement for inclusion 

in the study. However, in terms of children with a specific diagnosis, further research is 

warranted to investigate the validity of such a procedure in comparison to other methods 

which are used to teach individuals with ASD. In Chapter 3, Experiment 2, the total trials 

for mastery in the MTS Phases were 780 trials for one of the children with ASD. Future 

research with this population is needed to examine the efficacy of EBI procedures when 

compared to methodologies which are currently used within special educational settings 

to directly teach class members. 

 

Pre-experimental History 

The children who participated in the empirical studies (Chapter 2-4) may have had 

a pre-experimental history of encountering many of the experimental stimuli in their day 

to day life. This is a significant challenge faced by applied researchers, it should 

nonetheless be recognised that by its nature, applied research cannot be held to the same 

rigours as laboratory based research. Nonetheless, the results demonstrated should be 

invaluable; results demonstrated in natural settings should endeavour to inform laboratory 

based research whereby extraneous or unidentified variables can be further investigated 

under more rigorous conditions (Crow, 2008). Indeed as discussed throughout 

collaboration and feedback between applied and experimental based research should 

underpin the manner of all subjects under examination. Across all experimental chapters 
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the use of the pre-experimental category testing to identify individualised previously 

unknown categories for each participant was an important experimental control and as 

such strict exclusion criteria were employed in pre-testing. The result for all participants 

however indicate that knowledge acquisition was demonstrated during match to sample 

and category training phases indicating that the stimuli chosen for each participant were 

indeed not associated pre-experimentally.   

No participant across the empirical studies (Chapter 2-4) passed any training phase 

on the first instance and all demonstrated clear progression of knowledge acquisition 

across the training phases. In the sort test procedure used in the first three empirical studies 

the vocal label of the category was given and as such the children were required to 

remember the designated label. As a means to counteract any effects of the children 

responding by simply visually grouping stimuli together, which often occurs in open sort 

testing when no category label is given, any tub which contained more than three members 

sorted together were excluded. Without a doubt other measures could have been 

implemented such as a visual sample either a sample member or the printed word. Miguel 

et al. (2008) used a visual sample, during sort testing however it must be noted that the 

stimuli used were outlines of either Northern or South states in the United States of 

America and consisted of what could be deemed arbitrary stimuli, the children were still 

required to engage in meditating remembering responses. More importantly none of the 

participants in Chapter 2-4 demonstrated initial high levels of correct responding in the 

MTS phases which would strengthen that argument the category sort test was a successful 

means of identifying unknown categories. For the participants in Chapter 2, Experiment 

2, the exclusion of category sets that were sorted together in any one container was of 

particularly importance to ensure that the categories identified were indeed unknown and 

not as a result of not understanding the requirement of the test or a based on a reliance of 

visual similarity which is common in children with Autism. Indeed open sort testing alone 

can lead to other problems as reported across the literature and more so when natural 

categories are used as children may indeed sort stimuli on the basis of other levels such 

as at super-ordinate level (animals) and may use alternative strategies to categorise, such 

as similarity or function of an object (Quinn et al., 1997).  
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Natural Categories 

The use of natural categories has produced some interesting findings within the 

current thesis. There is a consensus that natural categories such as those used in the current 

study, often consist of fuzzy boundaries and more often contain stimuli which are both 

perceptual and associative (Zentall et al., 2008; Zentall et al., 2014). Categories at basic 

level (e.g., dog) can be combined to form super-ordinate level categories (e.g., animals), 

or can be divided to form subordinate level categories (e.g., Alsatian). Perceptual features 

or commonality of shape at the basic level are commonly expected and therefore the errors 

seen in natural categorisation with children can be attributed to reliance on perceptual 

commonality (Quinn et al., 1997; 2001). Non similarity based classes can often be 

described as arbitrary as they may be related by other functions than physical similarities. 

Zentall et al. (1996) discussed how even across a broad range of stimuli minimal change 

is found in response in similarity based classes. However, at the boundary of the category 

where similarity becomes more difficult to determine, an abrupt change in response 

strength is demonstrated. The findings from across all empirical Chapters 2-3 in the post 

testing for category membership align with published findings on natural categories. The 

category name, trained to the C stimuli did not always generalise to additional members 

that were not known pre-experimentally or targeted during the MTS protocol.  

During category sort testing across the empirical chapters (Chapter 2-3) 

participants often demonstrated some level of pre-knowledge for the categories targeted. 

While these stimuli were not targeted for use in experimental stages, the stimuli that were 

targeted for use were often paired with additional stimuli, which were not targeted for use 

or correctly sorted. It was expected that category membership for the directly targeted 

stimuli trained during experimental stages, would generalise to both those pre-

experimentally known and to the additional members the targeted stimuli may have had 

an association with during the pre-experimental category sort tests. For all participants 

additional members were correctly sorted at post-testing however there were occasions 

when expected generalization to untrained category members was not seen.  Within 

Chapter 3, clear differences could be seen in terms of the derived (untrained) relations 

found in the MTS protocol in comparison to the Montessori Method aspect where all 

relations are directly trained during the protocol. Interestingly, participant responding 
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during the post-category sort tests revealed little difference in responding, even in the 

Montessori Method similar errors at post-testing were found although the stimuli had all 

been directly trained. The findings of the study additionally demonstrated that under the 

EBI protocol children had a greater exposure to the targeted stimuli in terms of learning 

opportunities. While lack of generalization may be attributed to the decrease in perceptual 

commonality, other explanations must be explored in future research such as longer 

mastery criteria or specific training arrangements which has been suggested previously 

by authors in the field (Barnes, McCullagh, & Keenan, 1990; Fields, 1991).  Future 

research with young populations could indeed examine a protocol such as that provided 

by Fields et al. (1991) which combines primary generalization and equivalence class 

formation to examine natural categories. 

 

Efficacy  

Rehfeldt (2011) called for further analysis of the ecological validity of EBI 

procedures. With over thirty years of empirically validated data, equivalence procedures 

do provide an opportunity to the behavioural field to develop programmes that have strong 

transferability to educational settings (Twyman, 2011). The data presented in the thesis 

critically have provided an important preliminary step in disseminating research on EBI 

evidence based teaching protocols. The use of the touch-screen which was easily trained 

in a normative population removed the need to additionally train responding skills such 

as, mouse or keyboard movements, an important factor when considering technology 

which has applications across a variety of ages and populations. In fact across the studies 

where the touch screen responding was used, only one participant (P4 in Experiment 1, 

Chapter 2) did not have previous exposure to touch-screen technology. No difference in 

terms of usability was found for any one participant who used the touch screen device. As 

emphasised by Still et al. (2015), the ease of training the response system is of particular 

interest with very young children, and offers further opportunity to examine very young 

children and children with a variety of disabilities. One area of interest centres on future 

development of software, but it must be emphasized that ease of use in terms of a response 

mechanism can be seen as only one aspect of usability. Other areas such as learnability, 

efficiency and error tolerability must be also considered.  Such developments may in turn 
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allow for a generality of EBI procedures that could be used effectively within society 

across a variety of settings. It is important to note that a key difference in comparing EBI 

procedures lies in the presentation of the materials, in the current thesis match-to-sample 

phases where computerised often traditional teaching lessons are delivered via table top 

procedures using tactile printed materials. Future research is needed to explore if 

differences exist when teaching methods are more exactly matched. 

Impediments and Limitations 

Within the context of the current thesis limitations have been identified which 

pertain to both environmental and procedural limitations, some which are expected within 

applied research. Recruitment and retention of participants across Chapters 2-4 

specifically with the typically developing population presented as a challenge. The 

duration of these empirical studies was a factor in the retention of participants, this was 

mainly due to the fact that the language assessment required six month duration between 

testing. This meant that recruitment in specific time frames was crucial in order to 

accommodate for holidays that are standard and especially with pre-schoolers the 

transition to primary education. Indeed many of the difficulties reported regarding 

research with young children were encountered throughout Chapters 2-4 (McLay 2014). 

Short attention spans are often reported as one key difficulty with young children and this 

was remediated through shortened session times which incorporated frequent breaks. 

One key limitation identified with engaging in applied research with this 

population lies in inter-observer reliability. All of the studies took place within school 

settings where the use of video recording equipment may either be prohibited or consent 

from both the facilities owners and parents or guardians of all children attending the 

service is required; regardless of whether the children are participating in the study. If 

consent is refused by anyone person then other means must be found to assess reliability 

as was the case in the current thesis. The obvious solution is to have a second person 

present but this in a practical sense is not always achievable, especially when programmes 

of research are conducted over long periods of time. The use of automated data recording 

through the touchscreen does offer some assurance of validity; data collection is 
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immediate and tends to reduce any possibility of experimenter cuing (Still et al., 2015). 

Indeed with the younger population they had a tendency to hold the device in a manner 

similar to a book which may have resulted in difficulties in trying to use video equipment. 

More recently software programmes have been developed which allow for video 

recording of screen activity which do not infringe in the manner that traditional video 

recording does. This type of solution may serve as a future means to remediate such 

privacy issues.  

 Limitations in terms of the procedures used in Chapters 2-4 have been discussed 

through the thesis and we will briefly summarise those limitations now. The MTS 

procedure used in Chapters 2-4 relied upon visual and auditory modalities, meaning 

examination with other populations, specifically those who may be nonverbal or whom 

use alternative communication systems possible. (Barnes et al., 1990; LeBlanc et al., 

2003; Dube, McIlvane, Callahan, & Stoddard, Lane, Clow, Innis & Critchfield, 1998; 

1993; Sidman, 1971). The findings of Chapter 3, whereby participants demonstrated vocal 

tacting of the category name after being taught to receptively identify only the C stimuli 

was unexpected. Future examination of this phenomenon is therefore required and in 

hindsight a similar test could have been incorporated into the methodology for each of the 

empirical studies. In addition use of other research designs which incorporate probes as 

more systematic periods could be incorporated at different stages of the protocol to 

identify and monitor the emergence of skills for example before training the category 

name. 

Conclusion 

The current programme of research examined the development of categorisation 

in young children through EBI procedures and the findings add to the current literature in 

a number of ways. Two different procedures often employed in stimulus equivalence 

research were examined through EBI protocols and explained over three empirical 

chapters. The delivery and incorporation of technology, the touch screen and student 

response systems were extremely novel for the participants involved. Indeed the current 

research (Chapter 2 and 3) add to and expand the applied behavioural literature on EBI 

and technology integration. Despite living in a technology driven world, whereby new 
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technology is becoming a part of everyday life, including education, limited research and 

in turn data exists on the benefits and efficacy of these technologies. It is critically 

important that behavioural technology endeavour to keep pace with computing 

technology employed, in the current context, educational settings.   The EBI procedures 

used targeted functional and individualised skills for each of the participants and 

additionally targeted generic skills typically taught in traditional education group settings. 

While stimulus equivalence can provide a functional explanation for the development of 

equivalence classes consisting of associate category classes, other competing theories can 

also provide similar explanations. This of course, is expected as all of the current theories 

of language and cognition explored build upon similar behavioural principals or 

developed on the basis of an existing theory. The findings from the current programme of 

research add to the limited published research which has specifically examined the 

transferability of EBI procedures to examine non arbitrary real world stimuli in natural 

contexts.  

A crucial criticism of equivalence procedures has been the lack of generality and 

acceptance outside of the behavioural field. EBI procedures as demonstrated in the current 

thesis designed to address specific individual skill deficit may begin to advance the field, 

and address this lack of generality and acceptance. The second key development that can 

be taken from the findings presented across all three empirical studies is the successful 

merger of scientifically validated procedures with existing technology. The explosion of 

computing technology over recent decades, as recognised by Twyman (2011), offers 

behavioural researchers a new and exciting chapter in EBI research. Research which 

incorporates or expands upon technology (existing or emerging) may lead to the 

recognition and dissemination of behavioural principals more generally and begin to 

address the misconception in other fields that behaviour analysts have little to offer 

beyond an account of basic learning process (Medin & Rips, 2005; Murphy 2002). The 

thesis has additionally made an important contribution to the dearth of literature 

examining group contingencies and equivalence based instruction specifically with young 

children. Unquestionably, if such procedures are to ever become accepted within 

mainstream education, further investigation is warranted to examine group learning under 

equivalence paradigms. These preliminary results provided support for the argument that 
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EBI has application within mainstream educational settings. However, as recommended 

by a variety of researchers including Sidman (2009) and  Rehfeldt (2011), the scope of 

skills that are taught require further investigation in order to establish the generalised 

application of EBI procedures. Finally, applied studies examining non-arbitrary 

equivalence class formation in natural settings, may provide new research questions 

which merit examination under more stringent laboratory conditions. 
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Appendices 

Appendix A: Copy of ethical application and approval letter for Study 1 (Chapter 

2) including appendices. 
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Appendix B: Screen shots depicting how the computerised phases of the current 

study looked to participants. 
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Appendix C: Copy of ethical application and approval letter for Study 2 (Chapter 

3).  
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Appendix D: Copy of ethical application and approval letter for Study 3 (Chapter 

4).
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Appendix E: Specifications of the Q4 student response system and image of the 

infrared host device.

 

 

 

The infrared host simply plugs into a standalone or laptop device via a USB cable. 
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Appendix F: Sources for all picture stimuli (B, C and D) obtained from a variety of 

web sources. 

B1 Stimulus sourced from: 

Bobrovsky, M. (2015). cross-section of fungi with roots in ground. Retrieved from 

ttp://www.agefotostock.com/en/Stock-Images/Rights-Managed/NSA-005010008 

 

B2 Stimulus sourced from: 

Martin, D. (2015). Leaves Stem and Roots of Ivy. Retrieved from 

http://www.visualphotos.com/image/1x6470651/leaves-stem-and-roots-of-ivy 

 

B3 Stimulus sourced from: 

Hunter-Gatherer Diet. (2015). Retrieved from http://hunter-gatherers.org/a-hunter-

gatherer-diet-for-all-of-us.html 

 

C1 Stimulus sourced from: 

Compost pile. (2015). Retrieved from 

https://cdn1.hometriangle.com/imagecache/media/2314/htrttpseedtofeedmeblogs

potin-jpg.jpg/800x600-0 

 

C2 Stimulus sourced from: 

MEDIA SPOTLIGHT,. (2015). Kelp Holds Fast and Holds Up. Retrieved from 

http://education.nationalgeographic.com/education/media/kelp-holds-fast-holds-

up/?ar_a=1 

 

C3 Stimulus sourced from: 

Harrington, B. (2015). Man running on a path with his dog along Tramway Boulevard, 

Albuquerque, New Mexico USA. Retrieved from 

http://blaineharrington.photoshelter.com/gallery-image/Albuquerque-Outdoor-

Recreation/G0000PMDmfh9lJSQ/I00007Sqc_TSwF5c/C0000lWfxC0wuwR8 
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D1 Stimulus sourced from: 

compassandcamera,. (2015). Fungi Pictures. Retrieved from http://forestry-

learning.blogspot.ie/2013/06/fungi-definition-fungi-are-organisms.html 

 

D2 Stimulus sourced from: 

A PICTURE OF VANCOUVER A DAY,. (2015). In The Garden Again. Retrieved 

from https://apictureofvancouveraday.wordpress.com/2012/08/09/pov8812-in-

the-garden-again/ 

 

D3 Stimulus sourced from: 

Klasifikasi kingdom animalia. (2015). Retrieved from http://imgbuddy.com/animalia-

kingdom.asp 
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Appendix G: A sample of one pre and post-test used during Experiments 1 and 2 in 

Chapter 4. 

Pre-Test Sample (text instruction, draw a line from each picture to the category) 
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Post-Test Sample (text instruction, draw a line from each picture to the category) 

 

 

 

 

 

 

 



Appendices 

283 

 

Appendix H: Instruction sheet that was given to each participant explaining what 

would happen in the study. 

 

Today you are all going to take part in a lesson which will be different to the way that you 

normally learn in school. 

As a group we will be looking at putting or matching things together. 

A word will appear on the top of the screen. You will be given three options  

A, B and C.   Look at your control pad, like in the picture below you will see the three buttons A 

is 1, B is 2 and C is 3. 

 

Every time the group makes a correct response a ball will be placed into our jar. If not one 

person makes the correct response then no marble will be placed in the jar. 

 

 If you feel sick, or that you don’t want to take part you can raise your hand or call my name 

and let me know. 

We want to fill up the jar as 

much as possible. 

 

There is a line on the jar. 

 

If we can fill the jar past the line 

each person in the class will get to 

choose a prize. 

 

Choose the answer you think is 
correct A, B or C. 
Once everyone has made their 
choice we will see how 
everyone did as a group on the 
screen. 

 

No one but you can see 

your answer. 
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Appendix I: Visual representation (screen shots) demonstrating what the 

participants saw during training phases. 

 

 

1. The first slide that participants saw  2. The Quizdom bar appeared on the top of 

 did  not require a response.   the screen. 

 

 

3. The Quizdom bar showed how many participants had been recognised by the host. 

This bar also allowed the instructor to see how many students had responded to each 

question. In addition the bar allowed the instructor to display a graph of how the group 

performed following a training trial. 

 

4. Once all participants had been recognised by the host the training started. The sample 

A stimulus (printed category name) appeared at the top centre of the screen. Following 

3 second the mouse was pressed and the sample sissapeared. 
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5. Once the sample disappeared three comparision stimuli appeared in a linear manner 

and were prefixed as either A, B or C. 

 

6. Once all participants had responding to the question as indicated by the Quizdom bar 

(top left corner). The instructor then clicked on the graph symbol and a bar chart 

appeared above. The bar chart showed how many people chose the correct answer 

(green bar) and the number of participants who chose the incorrect answer (red bar). 


