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ABSTRACT 

 

The Effects of Imitation Instruction Using a Mirror on the Emergence of Duplicative Responses 

by Preschool Students Diagnosed with Developmental Delays 

 

Jalene Donica Moreno 

 

Using pre- and post-intervention non-concurrent multiple probe designs across participants, I 

conducted 2 experiments that tested the effects of imitation instruction using a mirror on the 

emergence of both basic and advanced forms of generalized imitation (GI) involving physical 

actions with preschool students diagnosed with developmental delays. Experiment I was first 

conducted to test the effectiveness and efficiency of using a mirror to induce GI with 4 young 

developmentally delayed preschoolers. The dependent variable was the number of untaught, 

unconsequated basic physical imitative responses (e.g., nodding head) emitted by participants 

prior to and following intervention conditions while directly facing the experimenter. The 

independent variable involved teaching basic imitative actions (e.g., clapping hands) while 

looking at an adult perform the actions in a mirror until a mastery criterion was met. The results 

of Experiment I showed that a functional relationship was demonstrated between mastering the 

imitation of basic physical actions using a mirror and the emergence of GI for all 4 participants. 

Experiment II was then conducted to further examine the effectiveness and efficiency of using a 

mirror to induce more advanced forms of GI with older preschoolers diagnosed with 

developmental delays as well as examine the effects of the absence and presence of advanced GI 

on the rate of participant learning after an adult provided a how-to demonstration. The primary 



 

dependent variable was the number of instructional sessions required for each participant to meet 

a mastery criterion on a novel dressing skill before and after the participants acquired GI. The 

second dependent variable was participant responding during block structure duplication and 

transcription tasks before and after the participants acquired all advanced forms of GI at mastery 

level. The independent variable was the induction and/or presence of advanced, mastery level GI 

using mirror imitation instruction across bodily actions (e.g., gross motor, fine motor, oral motor, 

and multiple-step motor actions). The results of Experiment II showed that the presence of 

mastery level GI accelerated learning for all 4 participants, which may have facilitated the 

participants’ capability of learning through demonstration.    
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Chapter I 

INTRODUCTION AND REVIEW OF THE LITERATURE 

Introduction 

 In the following paper I report two experiments that examine the generalized imitation 

capability and its relation to other duplicative repertoires. The generalized imitation capability as 

well as imitation and emulation repertoires have been theoretically and experimentally reviewed. 

Across disciplines, there is common agreement that duplicative repertoires play a pivotal role in 

the rapid acquisition of novel behaviors for young children. In Experiment I, I tested the effects 

of a mirror intervention on the emergence of the generalized imitation capability. In Experiment 

II, I tested the effects of the induction of the generalized imitation capability on young children’s 

learning under demonstration conditions as well as the effects on their responding to other 

duplicative repertoires.  

Though the duplicative repertoires of imitation, generalized imitation, and emulation may 

have apparent commonality, each is distinct and significant in its own right. While the present 

study is primarily founded on behavior analytic principles, the expansive literature highlighting 

duplicative repertoires is multidisciplinary. Thus, in my review of the literature I report the 

findings across disciplines for each of the duplicative repertories. In the closing statements of the 

literature review, I advocate the importance of duplicative repertoires as well as provide a 

rationale for the experiments reported herein by discussing the educational impact duplicative 

repertoires have on childhood independent learning.     

 Literature involving duplicative responses in the verbal behavior paradigm uses 

specialized terminology. Due to the specific nature of behavior analytic terminology, I first 
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provide the reader with definitions of relevant terms in their logical sequence before reviewing 

the related literature and my research findings.  

Definition of Terms 

1. Duplicative Responses 

The term duplicative responses is used throughout this text as an “umbrella term” to 

encompass a range of duplicating responses across varying topographies (forms of behavior). 

Duplication denotes the process of performing an action or constructing a structure again after 

the observation of the action or construction (McKean, 2005). Imitation, generalized imitation, 

and emulation are all distinct response classes with unique characteristics. However, they all 

share one common characteristic in that they all involve the act of duplication.  

2. Imitation  

The term imitation has been defined, re-defined, and thus debated in the literature. Baer, 

Peterson, and Sherman (1967) defined imitation as a behavior that closely follows another 

individual’s behavior in which the form is controlled by the behavior of another. Similarly and 

more recently, Catania (2007) defined imitation as a type of behavior in which an individual 

visually observes a model and then duplicates the model. Greer and Ross (2008) described 

imitation as a “see-do” relationship that involves a point-to-point correspondence. In addition, 

Greer and Speckman (2009) argued that one imitates another’s behavior because of the 

conditioned reinforcement that one developed from the correspondence between the behavior of 

the observer (e.g., child) and the behavior of the observed (e.g., teacher).  

Holth (2003) provided four behavior-environment relations to functionally define 

imitation: 1) any physical movement can function as a model for imitation; a model is the 

antecedent stimulus that evokes the imitative behavior, 2) an imitative behavior must 
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immediately follow the presentation of the model (e.g., within 3- to 5-seconds), 3) the model and 

the behavior must have formal similarity, and 4) the model must be the controlling variable for 

an imitative behavior.  

3. Generalized Imitation  

Like the term imitation, generalized imitation (GI) is one that may be considered to be 

controversial. However, generalized imitation is a term used in literature to describe when an 

individual imitates novel behavior without direct reinforcement of a particular response and 

when there is no history of direct reinforcement for the response (Baer, Peterson, & Sherman, 

1967; Catania, 2007; Keohane, Pereira Delgado, & Greer, 2008; Metz, 1965). In other words, 

one who has not acquired generalized imitation cannot imitate actions without direct instruction 

(e.g., the presentation of an antecedent to imitate and consequations to reinforce or correct 

emitted actions) (Catania, 2007) and requires prosthetic reinforcement to do so. Therefore, 

according to this definition of generalized imitation, a child who does not possess this capability 

may learn how to imitate the behavior of clapping his hands after being directly taught to do so, 

but may not be able to then imitate the behavior of patting his lap without being directly taught to 

do so. Moreover, even if children can imitate, but require prosthetic reinforcement to do so, by 

definition, they still lack the generalized imitation capability.  

Based on previous research, Baer and Deguchi (1985) described generalized imitation as 

a response class that has the following characteristics: 1) non-reinforced imitative behaviors that 

are maintained as long as other imitative responses are reinforced, but decrease when 

reinforcement is no longer contingent on other imitation, 2) non-reinforced imitative behaviors 

that persist despite continuous differential reinforcement, and 3) the accuracy of non-reinforced 
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imitative behaviors increase when other imitations are reinforced in the course of developing a 

generalized imitation repertoire.  

Greer and Speckman (2009) argued that generalized imitation is a higher-order operant 

that is an essential pre-verbal developmental cusp as well as an essential verbal developmental 

capability because once an individual acquires generalized imitation the individual can learn in 

ways he or she could not before. Generalized imitation is a type of emergent behavior that is 

brought about when an individual comes into contact with multiple exemplar experiences across 

observing and producing responses (Greer, 2008). To teach a new operant to an individual with 

generalized imitation, it is theorized that an instructor can simply demonstrate a behavior and 

then teach the relevant antecedent and consequent relations (Greer & Ross, 2008).  

In addition, the verbal developmental theory proposes that the generalized imitation 

capability is reinforced by the correspondence between seeing and doing. That is, the behavior 

emitted by one who possesses this capability is maintained by an association that involves the 

observation and duplication of movements and where the response classes of seeing and doing 

are joined (Greer & Speckman, 2009).    

The difference between the repertoires of imitation and generalized imitation should be 

clarified. Referencing Skinner (1953) and Cantania (1998), Erjavec, Lovett, and Horne (2009) 

defined imitation as “a repertoire that consists of discrete matching relations each of which is 

directly trained” and defined generalized imitation as “a generative repertoire in which new 

matching relations seem to emerge without training” (p. 355). Thus, unlike the imitation 

repertoire, the generalized imitation repertoire encompasses response classes of untrained 

imitative actions, or actions that do not have a history of consequations that reinforced or 

corrected emitted imitative actions. Therefore, a key discrimination between imitation and 
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generalized imitation is the emission of trained verses untrained imitative actions. However, 

when discriminating between the two repertoires, it is just as important to highlight the distinct 

aforementioned characteristics of the generalized imitation repertoire that the imitation repertoire 

does not possess (e.g., lack of prosthetic reinforcement requirement distinction, higher-order 

operant distinction, and capability distinction).  

4. Emulation  

Emulation is another example of a behavior that is reinforced by the correspondence 

between seeing and doing. However, unlike the case with imitation, the duplication process 

involves duplicating the outcomes or products of behavior (Greer, 2008). Emulation does not 

involve imitating or emitting the exact movements presented by the model; rather, it involves 

producing what the model’s movements resulted in. Rothstein (2010) proposed that emulation 

occurs in two situations: 1) “when one observes a product and ‘emulates’ or emits behavior 

within the environment to achieve the same end result and 2) when one manipulates stimuli in 

his or her environment to obtain a desired object,” (p. 16).  

Zentall (1996), Tennie, Call, and Tomasello (2006), and Horner and Whiten (2005) all 

defined emulation as when the observer’s behavior differs from what he or she observes, but 

results in the same product as the model. For example, a child may seek for his peer to build a 

block tower just like he did by starting from the bottom block and working up to the top block 

(imitate him). However, if the child’s peer builds the exact block tower as he did by starting from 

the top block and working his way down to the bottom block, the peer emulated the child’s 

behavior. Thus, acts of emulation involve duplicating the end results (e.g., the same block tower) 

without duplicating the behavior chain (e.g., the same actions to make the block tower).  
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5. Modeling  

 “A model is an antecedent stimulus that evokes imitative behavior and must be the 

controlling variable for that imitative behavior,” (Cooper, Heron, & Heward, 2007, p. 413). The 

term modeling is synonymous with the term demonstrating and the two terms may be used 

interchangeably. Cooper, et al. (2007) defined two types of models: 1) planned models and 2) 

unplanned models. Planned models are prearranged antecedent stimuli that show the observer 

exactly what to do. For example, a mother may model (demonstrate) how to open a container 

while her child observes her movements and, in turn, the child imitates his mother by opening his 

container. Unplanned models encompass all antecedent stimuli that have the capacity to evoke 

imitative behaviors. For example, a younger sibling observing an older sibling may learn how to 

open a door by turning a doorknob by imitating the older sibling’s behavior.  

In classic experiments, Bandura (1962) showed that modeling is a powerful force in 

determining the behavior of children who have imitative skills. However, the affiliation between 

modeling behaviors, observing behaviors, and imitating behaviors created confusion when 

distinguishing imitation from observational learning. A notable difference between imitation and 

observational learning is that imitation occurs when the observer directly contacts contingencies, 

whereas observational learning occurs when the observer’s behavior is changed by indirect 

contact with the contingencies received by others (Catania, 2007; Greer, Singer-Dudek, & 

Gautreaux, 2006). 

6. Observational Learning  

Like the aforementioned terms of imitation and generalized imitation, the term 

observational learning has also been defined and re-defined in the literature. Catania (2007) 

defined observational learning as “learning based on observing the responding of another 



7 

 

organism and/or its consequences” (p. 399). In a summarized definition of observational 

learning, Greer, Singer-Dudek, and Gautreaux (2006) defined observational learning as 

“observation that results in the acquisition of new operants, high-order operants, and new 

conditioned reinforcers” (p. 490).    

Greer, Singer-Dudek, and Gautreaux (2006) suggested the following clarifications 

regarding behavior change as a result of observing the contingencies received by others: 1) 

behavior that is already in an individual’s repertoire (e.g., performance behavior) may be emitted 

as a function of observing contingencies received by others (e.g., when an individual raises his 

hand when others receive reinforcement for doing so), 2) new operants may be acquired by 

observation (e.g., learning new tacts), 3) higher-order operants may be acquired through 

observation (e.g., abstraction from learning phonemes to responding to novel phoneme 

combinations), 4) conditioned reinforcers may be acquired by observation when stimuli acquire 

reinforcing properties as a result of observing others receive the stimuli (e.g., implementing a 

classwide token economy), and 5) an observational learning repertoire may be acquired through 

observation (e.g., either incidentally or by intervention).  

Greer and Speckman (2009) argued that observational learning is an essential, 

foundational verbal developmental cusp as well as an essential verbal developmental capability 

because once an individual acquires observational learning the individual can learn in ways he or 

she could not before. Observational learning is also argued to be a higher order operant (Greer & 

Speckman, 2009). Extensive research has been conducted regarding a child’s capacity to learn by 

observing the direct contingencies of another’s behavior once he or she has acquired the 

observational learning capability (Davies-Lackey, 2005; Delgado, 2005; Gautreaux, 2005; Greer, 

Singer-Dudek, & Gautreaux, 2006; Rothstein & Gautreaux, 2007; Stolfi, 2005; Yuan, 2005). 
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7. Operant  

The units of analysis in verbal behavior are what Skinner (1957) referred to as verbal 

operants. He used the term operant to imply a type or class of behavior. Skinner (1957) identified 

an operant to be “any unit of behavior that operates upon the environment” (p. 20). Hence, he 

derived the term “operant” from the verb “operate” to signify how an operant response is defined 

in terms of how it affects the environment.  

In the traditional radical-behavioral paradigm, operant responses consist of a three-term 

contingency (e.g., an antecedent-behavior-consequence and the relevant contexts like 

establishing operations) and are selected out by their consequences (Greer & Ross, 2008). 

Meaning, operants are behaviors that are maintained and brought under stimulus control as a 

function of their consequences. An individual emits operant behaviors based on his or her history 

of interactions with the environment and the future frequency of operant behavior is primarily 

determined by its history of consequences (Cooper, Heron, & Heward, 2007). An example of an 

operant behavior is putting on a jacket when it is cold outside. An individual is likely to put on a 

jacket when it is cold outside if that behavior was previously consequated (e.g., reinforced) by 

protecting that individual from the cold.  

8. Higher Order Operant  

Higher order operants are operant behaviors that join two or more previously independent 

operant relations (e.g., three-term contingencies) into a single overarching operant (Greer & 

Ross, 2008). Catania (2007) defined higher order operants as “an operant class that includes 

within it other classes that can themselves function as operants” (p. 392). Higher order operants 

emerge as a function of an individual’s instructional history involving multiple exemplar 

experiences (e.g., experiences involving the presentation of instruction across different types of 
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topographies and stimuli). These multiple exemplar experiences may occur incidentally or by 

intervention. Once an individual has acquired a higher order operant he or she can respond to 

novel contingencies that are related to the joined contingencies.  

Both generalized imitation and observational learning are considered to be examples of 

higher order operants. The generalized imitation capability involves smaller response classes of 

imitation (e.g., gross motor imitation, object imitation, etc.) and involves the joining of observing 

and producing operant behaviors. Likewise, the observational learning capability involves 

smaller response classes of learning through observation (e.g., acquiring new operants through 

observation and acquiring conditioned reinforcers through observation).  

9. Radical Behavioral Paradigm 

According to the Skinnerian point of view, “radical behaviorism is not simply the 

scientific study of behavior, but rather an integrated and comprehensive philosophy of science, 

concerned with the subject matter, methods, and dimensions of psychology” (Moore, 1981, p. 

62). Day (1983) described Skinnerian radical behaviorism to be “conspicuously pragmatist in 

spirit” (p. 93). As an epistemology, radical behaviorism takes it departure from the pragmatic 

stances of Mach and Bacon as well as the positivism found in Russell’s writings (Moore, 2008; 

Zuriff, 1980). Moore (2008) stated that radical behaviorism not only encompassed epistemology, 

but it also took the lead in understanding what knowledge was, how it came about, and how to 

improve the human condition by making humans even more knowledgeable. 

Foxall (1995) summarized the epistemological basis of radical behaviorism involving the 

ontology and methodology as such:  

1) Behaviorism is a subject matter in its own right and is neither an indication nor a 

confirmation of the existence of mental activity, 2) the initiating causes of behavior are to 
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be found solely within the environment; the internal event is itself the product of 

environmental control, a response subject to reinforcing and punishing contingencies, 3) 

the basic paradigm of operant conditioning is the three-term contingency consisting of a 

discriminative stimulus, a response, and its reinforcing or punishing consequences, 4) 

there are not non-physical events or causes which are essentially mental, 5) individuals 

are changed by their histories both evolutionally and environmentally, 6) there are two 

kinds of operant behavior—contingency shaped and rule-governed, 7) the purpose of 

science is to predict and control rather than speculate (theorize) and test deductive 

hypotheses, and 8) the aim is to establish functional relationships and identifying and 

describing the contingent relationships between a response and its reinforcing or 

punishing consequences are the essence of functional analysis. (pp. 21-22) 

10. Verbal Behavior Theory  

B.F. Skinner began to work on his behavioral analysis of language in 1934 and it took 

him nearly 23 years to publish his work in a book he titled Verbal Behavior (1957). In Verbal 

Behavior (1957), Skinner proposed a language theory from a functional perspective and he 

referred to language as a term he coined “verbal behavior.” He chose the term verbal behavior to 

differentiate and emphasize his functional perspective from the structural perspective. He defined 

verbal behavior as behavior that is reinforced through the mediation of another person’s behavior 

(Skinner, 1957). In other words, he referred to verbal behavior as a functional account of 

communication during which instances of verbalization, vocal or otherwise, have effects on 

another person. For example, when an instructor asks a student to, “do this,” and performs an 

action, the student in turn performs the action. In this example, the behavior of what someone 
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said functioned to elicit (e.g., caused) the behavior of another person. Thus, Skinner defined 

verbal behavior functionally. 

Skinner (1957) coined the term verbal behavior to distinguish his functional analysis of 

language from traditional and structural analyses of language. However, over the years other 

language development literature and applications have also used the term verbal behavior. Thus, 

the term verbal behavior acquired new meanings that are independent of Skinner’s seminal 

theory (Cooper, Heron, & Heward, 2007). For example, in the field of speech pathology, the 

term “verbal behavior” has become synonymous with the term “vocal behavior” and in the field 

of traditional psychology, the term “nonverbal communication” has been distinguished with the 

term “verbal behavior.” However, as previously mentioned in Skinner’s seminal definition of 

verbal behavior, verbal behavior includes both “vocal-verbal behavior” (e.g., emitted speech 

sounds) and “non-vocal-verbal behavior” (e.g., written language, gestures like pointing, and 

American Sign Language). This “all inclusive” definition of verbal behavior can be confusing to 

those first learning about Skinner’s analysis of verbal behavior. Remembering the seminal 

definition of verbal behavior that refers to verbal behavior as a functional account of 

communication during which instances of verbalization, vocal or otherwise, has an effect on 

another person may help lessen the confusion.  

11. Verbal Developmental Theory  

The verbal developmental theory (Greer, 2008; Greer & Ross, 2008; Greer & Speckman, 

2009) applies Skinner’s (1957) verbal behavior theory to the analysis of the development, or 

ontogenesis, of verbal behavior. The theory incorporates both listener functions (e.g., responding 

to another person’s speaker behavior) as well as speaker functions (e.g., governing the behavior 



12 

 

of others by using various topographies of verbal behavior like vocal speech and sign language) 

(Greer & Ross, 2008).  

The verbal developmental theory outlines a trajectory of verbal developmental stages that 

propose what are described as being verbal developmental cusps, capabilities, and repertoires 

(Greer, 2008, Greer & Ross, 2008; Greer & Speckman, 2009). Verbal developmental cusps, 

capabilities, and repertoires are distinct terms with unique characteristics that are used to 

describe the verbal stages that children typically accrue from early life experiences.  

The verbal developmental theory is influenced by findings from Horne and Lowe’s 

(1996) seminal research on Naming, relational frame theory (RFT) (Hayes, Barnes-Holmes, & 

Roche, 2001), stimulus equivalence research (Sidman, 1994), and mainstream developmental 

psychology research (Hart & Risley, 1995). Verbal developmental researchers do not emphasize 

the differences between their proposed theory and the findings of influencing research. Rather, 

they acknowledge the consistency between them, which is the possible induction of verbal 

developmental cusps and capabilities in children who were missing them in order to 

exponentially expand their repertoires (Greer & Speckman, 2009). Seminal research that later 

influenced the verbal developmental theory suggests that learning problems, especially those 

associated with developmental delays, may be remedied with interventions to induce verbal 

developmental cusps and capabilities. 

 The verbal developmental theory is inductive by nature as opposed to many 

developmental theories that are driven by hypotheses and are deductive in nature (Greer & 

Speckman, 2009). The empirical findings of recent research drove the development of this 

theory. In hopes of contributing to the generality and validity of the interventions implemented to 

plausibly induce verbal developmental cusps and capabilities, researchers have replicated 
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procedures with individuals who exhibit similar characteristics (e.g., similar delays in 

development). 

12. Verbal Developmental Cusps  

Greer and Speckman (2009) used Rosales-Ruiz and Baer’s (1997) definition of cusps to 

describe the essence of a verbal developmental cusp. In sum, a cusp is an acquired behavior that 

allows people to do things that they have never done before and in turn the acquired behavior 

enables the possible occurrences of new person-environment interactions (e.g., contingencies) 

(Greer, 2008). Based on Rosales-Ruiz and Baer’s (1997) definition, contingencies that were 

previously difficult to come into contact with are no longer difficult once verbal developmental 

cusps are acquired. An example of a basic cusp in a child’s developmental sequence is walking. 

Once toddlers learn to walk, they easily come into contact with contingencies that they never 

could contact before (e.g., objects that are on higher surfaces). A walking toddler’s world is 

opened up to the possibilities of manipulating and learning new stimuli (e.g., the time in parents’ 

lives when they are cued to purchase baby gates).  

Verbal developmental cusps involve the direct reinforcement of behaviors emitted by the 

individual and a cusp that is not a capability requires direct reinforcement (Greer & Speckman, 

2009). The contingencies that a child is enabled to come in contact with because of the 

acquisition of a verbal developmental cusp are opportunities that may result in new learning 

experiences; however, the learning opportunities do not necessarily lead to new ways of learning. 

13. Verbal Developmental Capabilities 

Greer and Speckman (2009) described verbal developmental capabilities as 

developmental cusps that allow children to learn in ways they could not before. By definition, all 

verbal developmental capabilities are considered verbal developmental cusps, though not all 
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cusps are capabilities (Greer & Speckman, 2009). An example of a verbal developmental cusp 

that is also a capability is generalized imitation (Keohane, Pereira Delgado, & Greer, 2008).  By 

definition, the term generalized imitation refers to both the capacity to initially learn to imitate 

various movements through direct instruction (e.g., the cusp of imitation) as well as the capacity 

to then emit novel forms of imitative behaviors without direct reinforcement (e.g., the capability 

of generalized imitation). Children who have the generalized imitation capability do not require 

direct instruction to imitate novel movements. Another example of a verbal developmental 

capability is observational learning (Greer, Singer-Dudek, & Gautreaux, 2006). When children 

have the observational learning capability, they have the capacity to learn new repertoires or 

skills through the observation of others receiving direct instruction. Children who have the 

observational learning capability do not require direct instruction to learn new operants.  

The difference between a capability and a cusp is that a capability is a higher order 

operant that allows one to learn in new ways and once a capability is acquired, an individual may 

learn new behaviors even though the new behaviors may not have been directly reinforced 

(Greer & Speckman, 2009). On the other hand, cusps allow one to learn new behaviors or 

repertoires solely through the process of direct reinforcement. For instance, the walking cusp 

allows toddlers to come into contact with stimuli that were previously out of their reach and 

subsequently they learn how to manipulate those stimuli by emitting behaviors that their parents 

directly reinforce.  According to Greer and Speckman (2009), “when the induction of a verbal 

developmental cusp also results in a child’s being able to learn in a way he or she could not 

before, we identify that as an experientially derived verbal developmental capability and higher 

order or overarching operant” (p. 462). 
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“Each capability has a repertoire, which identifies the extent or range of operants within a 

given capability. If a capability [or cusp] is not present, the development and expansion of a 

repertoire is not possible” (Greer & Ross, 2008, p. 289). However, once an individual acquires a 

verbal developmental capability, either incidentally by person-environment interactions or 

induced by intervention, the individual learns new operants in ways he or she could not before.  

14. Repertoires  

Greer and Ross (2008) defined a repertoire as, “a class or category of operants that was 

learned by an individual and is likely to be emitted given the learned setting events and 

antecedents” (p. 300). Cooper, Heron, & Heward, (2007) referred to repertoires as all the 

behaviors a person can do with relevance to a particular setting or task. An example of a 

repertoire is a listener repertoire. A listener repertoire encompasses all the operants that were 

learned by an individual that involves responding to another person’s speaker behavior as a 

listener. Imitation and generalized imitation are examples of foundational components of listener 

repertoires.  

15. Listener Behavior 

Individuals play two distinct roles during verbal behavior interactions: 1) the role of one 

who delivers the information and 2) the role of one who receives the information. Skinner (1957) 

referred to these roles as the speaker and the listener respectively. He did not use the terms 

expressive language and receptive language, which are terms that are described as being rooted 

in structural theories of language, because he wanted to strictly analyze how language 

interactions affect people’s behavior, rather than analyze people’s cognitive processes (e.g., 

psycholinguistics) (Cooper, Heron, & Heward, 2007).   
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Skinner (1957) defined listener behavior as, “the condition we have assumed in 

explaining the behavior of the speaker” (p. 34). Listener behavior has also been described as the 

behavior that is occasioned by verbal stimuli (e.g., responding to another person’s speaker 

behavior) (Catania, 2007; Greer & Ross, 2008). Children are considered listeners if their 

behavior can be governed by the verbal behavior of others as they respond to vocal sounds (e.g., 

a teacher saying, “do this”) and other verbal topographies (e.g., a teacher gesturing) (Greer & 

Ross, 2008). Children with basic listener literacy have, “a measure of independence and can be 

warned, instructed, comforted, and praised as a result of the topography of the behavior of a 

speaker” (Greer & Ross, 2008, p. 295).  

16. Response class 

A response class is a group of responses (e.g., operants) that is defined by their common 

effect on the environment (Cooper, Heron, & Heward, 2007; Greer, 2008). A response class may 

be comprised of various responses across various topographies. In other words, a response class 

may be comprised of different forms of different behaviors, but all the behaviors share a similar 

function. The notion of a response class is “implied when it is said that reinforcement increases 

the future frequency of the type of behavior that immediately preceded the reinforcement” 

(Michael, 2004, p. 75).  

Examples of response classes are duplicative responses such as imitation, generalized 

imitation, and emulation. The responses of clapping and transcribing are different behaviors, 

however, when those behaviors are emitted as a function of observing a response and producing 

a response, those behaviors are members of a duplicative response class. In addition, literature 

and research also suggest the presence of smaller and distinct subclasses within larger 

comprehensive response classes. Unlike response classes, response subclasses are described as 
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being comprised of behaviors with similar defining characteristics (e.g., gross motor imitation 

verses fine motor imitation).      

17. Learning  

In his classic textbook titled, Learning, Catania (2007) summarized the definition of 

learning as, “roughly acquisition, or the process by which behavior is added to an organism’s 

repertory [that is a] relatively permanent change in behavior” (p. 395). As can be seen in 

Catania’s definition, the term acquisition may be considered to be synonymous with the term 

learning and the two terms may be used interchangeably. For example, an instructor may say that 

her student learned, or acquired, a new skill after she delivered instruction. Greer, Singer-Dudek, 

and Gautreaux (2006) also used the term acquisition in their definition of learning: “our 

definition of learning is the acquisition of operants or higher-order operants as a function of 

direct contact with contingencies of reinforcement or punishment, or as a function of the 

observation of others receiving contact with the contingencies of reinforcement, punishment, and 

corrections of incorrect responses [e.g., observational learning]” (p. 489).  

18. Learn Unit  

In extensive research, the learn unit is identified as the basic unit of measure in teaching 

(Albers & Greer, 1991; Emurian, 2007; Greer, 1994; Greer & McDonough, 1999). The learn unit 

also allows for the analysis of instruction at several levels (Greer, 2001; Ingham and Greer, 

1992; Keohane & Greer, 2005). The learn unit consists of at least one three-term contingency for 

the student and two three-term contingencies for the instructor involving antecedents, behaviors, 

and consequences (Greer & McDonough, 1999).  Thus, both the student and the instructor are 

learning from the process of the learn unit. A flawless learn unit presentation must consist of all 

of the following components: 1) an establishing operation, 2) a target discriminative stimulus, 3) 
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a response opportunity, and 4) a consequence (e.g., the delivery of reinforcement or correction 

procedure) (Ingham & Greer, 1992). If any of the components are omitted or presented 

erroneously, a learn unit does no occur. Table 1 depicts an example of a complete learn unit.  

Table 1 

An Example of a Complete Learn Unit 

Instructor’s Contingencies:  
Two, Three-term 
Contingencies  

Response Components: 
Interlocking Instructor and 

Student Behavior 

Student’s Contingency: 
One, Three-term 

Contingency 
Instructor’s first antecedent Instructor assures student’s 

attention 
 

Instructor’s first behavior Instructor says, “do this,” and 
performs a movement 

Student’s antecedent 

Instructor’s first 
consequence and second 
antecedent 

Student performs the 
movement 

Student’s behavior 

Instructor’s second 
behavior 

Instructor delivers 
reinforcement in the form of 
praise 

Student’s consequence 

Instructor’s second 
consequence 

Instructor records student’s 
response  

 

The learn unit is complete 
 

19. Reinforcement 

Reinforcement is an operation that occurs “when a stimulus change immediately follows 

a response and increases the future frequency of that type of behavior in similar conditions” 

(Cooper, Heron, & Heward, 2007, p. 702). The term reinforcer refers to an item or activity that is 

presented to or removed from an individual following the emission of a behavior that increases 

the future probability of the emission of the preceding behavior (Catania, 2007; Greer & Ross, 

2008; Skinner, 1957). For example, vocal praise functions as a reinforcer for a student’s 

compliance repertoire only if the delivery of vocal praise increases the probability of that child 

following teacher directions in future situations.  
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20. Probes  

“Probes are measures of untaught relations or tests of collateral relations, generalized 

stimulus control, or other operants or higher order operants that either emerge or are brought 

about as a function of certain experiences” (Greer & Ross, 2008, p. 298). Probe conditions 

typically do not involve the reinforcement of correct responses or error correction procedures for 

incorrect responses. As in the case of an instructor conducting probe conditions to test for the 

presence of generalized imitation, the instructor would present the child with an antecedent 

involving a novel movement; however, after the child responds (or does not respond) to the 

antecedent, the instructor would not present the child with reinforcement or an error correction 

procedure.  

Review of the Literature 

Imitation Review  

 The act of imitation has been under both theoretical and experimental review across the 

centuries. Some 19th century scholars postulated that imitative tendencies and mechanisms were 

instinctive or innate (a position that reflected the sign of the times). However, by the 20th 

century, scholars across disciplines were hypothesizing that imitative tendencies and 

mechanisms were acquired or learned (as summarized in Miller & Dollard, 1945). Nevertheless, 

while theorists and experimenters may debate about the genesis of imitation, all imitation 

literature emphasizes the importance of imitation in human development. 

The legendary Greek philosopher, Aristotle, who was an early influence of behavior 

analytic perspectives, noted that, “through imitation [man] learns his earliest lessons” (as cited in 

Butcher, 1922, p. 15). The influential 20th century psychologist Albert Bandura (1962) noted that 

imitation is a primary means by which children learn new behaviors. It is documented that 
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typically developing children begin to imitate the behaviors of others during their first year 

(Brown, Brown, & Poulson, 2008) and, though this finding is debated (Jones, 2009), imitative 

behaviors have been observed in newborn infants (Meltzoff, 2005). However, young children 

diagnosed with developmental disabilities often lack significant imitation skills that may hinder 

the emergence of essential developmental skills (Rogers, Hepburn, Stackhouse, & Wehner, 

2003; Stone, Ousley, & Littleford, 1997). The following section is a brief review of the imitation 

literature that pertains to the current study, which includes highlights of: 1) early imitation 

theories, 2) current imitation theories,  3) the development of imitation, 4) newborn imitation, 5) 

the imitation skills of children diagnosed with developmental disabilities, and 6) imitation 

instruction. 

Early social learning theory on imitation. Neal F. Miller and John Dollard were 

amongst the leading social learning theorists who proposed that the ability to imitate is learned. 

In their book Social Learning and Imitation (1945), they proposed an imitation theory that is 

based on a reinforcement theory of social learning and derived from the works of J.B. Watson 

(1919), Ivan Pavlov (1927), and Edward L. Thorndike (1940). In Social Learning and Imitation 

(1945), Miller and Dollard attempted to apply a learning theory to social behavior in their 

experimental analysis of children’s imitative behavior. Based on the results of their analysis, they 

came to the conclusion that, “imitative behavior follows the laws of learning and arises under the 

social conditions which reward it” (Miller & Dollard, 1945, p. 10).  They noted that imitation can 

greatly accelerate the process of independent learning by enabling the subject to perform the first 

correct response sooner than an individual otherwise would (Miller & Dollard, 1945). This 

noteworthy finding founds a chief rationale in the current study.  
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Piaget’s theory on imitation. Like Miller and Dollard (1945), Jean Piaget, also 

supported the notion that the ability to imitate is learned. “Imitation does not depend on an 

instinctive or hereditary technique…the child learns to imitate, and this learning process 

[advances impediments and is] involved in sensory-motor and mental development,” (Piaget, 

1951, p. 5). Piaget constructed a detailed and systematic observation of the development of 

imitative skills from birth through 2-years old. In Play, Dreams, and Imitation in Childhood 

(1951), his third book within a series of books devoted to childhood development, Piaget 

proposed that imitation evolves through six developmental stages until “true” imitation occurs 

which is a consciousness of imitation as well as an imitation controlled by intelligence. He also 

theorized that the occurrence of “deferred” imitation, imitation in the absence of a model 

(perhaps generalized imitation), was presumably due to an interiorized model or representation.     

Skinner’s early analysis of imitation. In Science and Human Behavior (1953), B.F. 

Skinner analyzed the act of imitating through a behavior analytic perspective. He stated, 

“imitation develops in the history of the individual as the result of discriminative reinforcements 

showing [the] same three-term contingency,” (Skinner, 1953, pp. 119-120). He referred to 

imitation as being the result of a kind of “conditioning” process. Meaning that, an individual may 

develop an imitative repertoire because that individual emits previously observed behaviors that 

are reinforced (e.g., followed by a reward or social attention/praise). For example, the visual 

display of a mother clapping her hands in front of her baby is the occasion upon which the baby 

produces a matching clapping pattern, which is then followed by a delighted mother (reinforced).  

Skinner then went on to propose that, “in general, behaving as others behave is likely to 

be reinforcing” (Skinner, 1953, p. 311). To illustrate this point, he provided the real-world 

example of stopping to look in a store window that has already attracted a crowd; hence, 
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stopping to look in a store window that has already attracted a crowd is more likely to be 

reinforced than stopping to look in store windows, which have not attracted crowds. He stated 

that, “situations of this sort multiplied a thousandfold generate and sustain an enormous tendency 

to behave as others are behaving,” (Skinner, 1953, p. 312).  

Imitation mechanisms from a modern neurophysiological perspective. During the 

past couple of decades, neurophysiological researchers conducted numerous studies that 

explored the brain mechanisms that are involved in the imitative behaviors of both humans and 

non-humans (di Pellegrino, Fadiga, Fogassi, Gallese, & Rizzolatti, 1992; Gallesese, Fadiga, 

Fogassi, & Rizzolatti, 1996; Rizzolatti, Fadiga, Fogassi, & Gallese, 1996). From a theoretical 

standpoint, neurophysiological researchers conducted these studies to defend the following 

positions: 1) imitation is composed of two strictly related cognitive phenomena: the capacity to 

make sense of others’ actions and the capacity to replicate the actions, 2) the fundamental 

neurophysiological mechanism that underlies the understanding and direct matching of an action 

is made by the mirror neuron system, and 3) the matching mechanism must be complemented by 

the activity of other mechanisms that modify and organize the mirror neuron system (Rizzolatti, 

2005).  

Neurophysiological researchers originally discovered the mirror neurons in specific areas 

in the precortex of monkeys. The discovered areas in the precortex are areas that control hand 

and mouth movements. This discovery provided physical evidence that these mirror neurons 

discharge during specific goal-directed actions, thus proposing that they are involved in 

understanding actions (Rizzolatti, 2005). 

Neurophysiological researchers also conducted studies examining the existence of a 

mirror neuron system in humans. Studies that used electrocenphalography (EEG), 
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magnetoencephalography (MEG), transcranial magnetic stimulation (TMS), and brain imaging 

suggest that the human mirror system is wide spread and plays a fundamental role in 

understanding the actions performed by others. Rizzolatti (2005) summarized the collected 

discoveries of neurophysiological researchers:  

Taken together, these experiments strongly support the idea that the mirror system plays a 

central role in the imitation of actions that are already in the motor repertoire of 

individuals. The mirror system matches the observed action with motor responses stored 

in the premotor cortex and allows a fast, efficient response to that action. These 

experiments suggest that sensory copies of actions to be imitated are formed in various 

areas.  (pp. 72-73) 

The contemporary “like me” theory of imitation. Over the past decade Andrew N. 

Meltzoff, a developmental psychologist, formed his “like me” thesis which theorizes that 

imitation and understanding other minds (e.g., the theory of mind) are causally related (Melzoff, 

2005). He stated that, “nature designed a baby with an imitative brain [and then] culture 

immerses the child in social play with psychological agents perceived to be ‘like me’” (Melzoff, 

2005, p. 77). He emphasized that complex imitative and emulative behaviors are not present 

from birth, rather they are acquired at stages throughout infancy. However, he also proposed that 

infants have a primitive ability to imitate and recognize being imitated; thus recognizing that 

people are different from other things and that there are equivalences between the acts of self and 

others (Melzoff, 2005).   

Melzoff (2005) synthesized the results of a series of experiments with infants and adults 

and suggested the following implications:  1) infants imitate novel actions, 2) infants imitate 

from memory, 3) infants emit true imitative behaviors (e.g., duplicating the exact chains of 



24 

 

behavior) and are not limited to emulative behaviors (e.g., duplicating the results of an observed 

behavior), 4) infants use other people to learn about and expand their own actions, 5) infants 

recognize that they are being imitated, and 6) infants can code human acts in terms of goals.  

The development of imitation in humans and non-humans. There is strong evidence 

that imitation develops progressively from simple imitative actions (e.g., observable actions with 

objects) to more complex imitative actions (e.g., meaningless gestures) in children (Young, 

Rogers, Hutman, Rozga, Sigman, & Ozonoff, 2011). In a paper that reviewed the Preschool 

Imitation and Praxis Scale (PIPS), Vanvuchelen, Roeyers, and De Weerdt (2010) summarized 

research spanning decades that provided a sequence of imitation development in infants as 

follows: 1) neonates have been observed imitating facial movements, 2) infants begin to imitate 

meaningful communicative gestures by approximately 10-months-old, 3) infants begin to imitate 

actions with objects at approximately 6-months-old, 4) at approximately 9-months-old, infants 

start to imitate parts of action sequences with objects, and 5) infants begin to imitate novel 

actions with objects at approximately 14-months-old.  

Likewise, there is evidence that chimpanzees can imitate actions with objects (Whiten, 

1998). In an experiment that allowed chimpanzees to observe various behavior chains to open an 

“artificial fruit,” Whiten (1998) concluded that there was significant evidence that chimpanzees 

can observe and then produce (e.g., see-do) sequential patterns of actions that they had 

witnessed. Custance, Whiten, and Bard (1995) provided evidence of chimpanzees imitating 

novel arbitrary (non-functional) gestures upon the command, “do this.” However, this imitative 

ability of the chimpanzee, humans’ closest genetic relative, has been debated (Whiten, 1989). 

Furthermore, Whiten (1989) concluded that even chimpanzees’ ability to imitate is claimed to be 

weak in comparison to humans’ ability to imitate.  
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The debate over newborn imitation. There is recent literature that questions the 

evidence that supports the claim that newborns imitate.  For example, Anisfeld (1996) 

questioned the validity of the measures that examined the newborn imitation of mouth openings. 

After conducting a meta-analysis of previous newborn imitation studies, Anisfeld (1996) 

concluded that infants do not reliably duplicate mouth openings. Likewise, in a critique of 

newborn imitation studies, Jones (2009) questioned the validity of measures that examined the 

imitation of tongue protrusions. Jones (2009) noted that while experimental results have 

repeatedly shown that newborn infants matched a human model’s tongue protrusions, there is 

also evidence that tongue protruding is a common response of newborn infants to arousing 

stimuli; thus there is a likelihood that newborns’ duplication of tongue protruding in imitation 

experiments may not be imitation, rather an expression of the infants’ arousal from the models’ 

tongue protrusion display, which infants typically express arousal from.  

Jones (2009) concluded that there is a need for further research to be conducted to 

replicate previous findings (see Meltzoff, 2005) and a need to provide unambiguous evidence of 

human newborns’ ability to imitate. Jones (2009) stated that, “for the present, it seems fair to say 

that the evidence for the strong nativist claim that newborn infants do imitate is not compelling, 

and that we should proceed on the assumption that [newborn infants] do not” (p. 2327).  

 The imitation skills of children diagnosed with disabilities. Previous imitation studies 

and reviews showed that individuals diagnosed with disabilities have difficultly with 

demonstrating imitative behaviors in childhood into adulthood (Rogers, Bennetto, McEvoy, & 

Pennington, 1996; Stone, Ousley, & Littleford, 1997). Individuals diagnosed with autism have 

particularly shown to have difficulty with imitative tasks involving manual and postural 

movements, oral-facial movements, and actions with objects (Stone et al., 1997). Rogers, 
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Hepburn, Stackhouse, and Wehner (2003) found that children diagnosed with autism were found 

to be significantly more impaired in overall imitation abilities, oral-facial imitation, and 

imitations of actions with objects than children diagnosed with other developmental disorders 

and typically developing children. They also found that children diagnosed with fragile X 

syndrome required more models to imitate the targeted actions than children diagnosed with 

other developmental disorders. Rogers et al., (2003) concluded that imitation deficits might have 

a negative impact upon a developmentally delayed child’s ability to develop skills over time and 

perhaps limit the child’s capacity to learn from natural opportunities.  

Imitation instruction. Ledford and Wolery (2011) summarized the main arguments that 

advocate the importance of teaching children diagnosed with disabilities to imitate: 1) imitative 

ability is associated with the presence of other essential developmental skills, 2) imitation is a 

prerequisite skill for numerous commonly used instructional practices (e.g., verbal behavior 

applications; Greer & Ross, 2008), and 3) imitation skills facilitate observational learning 

opportunities. 

Methods to teach imitation skills have been reported in the literature for decades. The 

vast majority of imitation instruction in the literature focused on teaching imitative skills to 

individuals diagnosed with developmental delays (e.g., autism and intellectual disabilities) 

(Lovaas, Freitas, Nelson, & Whalen, 1967; Baer, Peterson, & Sherman, 1967). In the applied 

behavior analysis discipline, it has been common practice to use the procedures used by Lovaas 

and colleagues (1967) as well as Baer and colleagues (1967) to teach imitation to children who 

do not imitate. These applications commonly involve mass teaching trials that use intensive 

physical prompting and behavior shaping techniques to establish imitative repertoires in children 

who could not imitate. Though shaping techniques have proven to be effective in teaching 
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children to imitate they have shortcomings: 1) they can be extremely time-consuming (Baer et 

al., 1967; Garcia, Baer, & Firestone, 1971) and 2) they do not always guarantee that the student 

will acquire what the present study argues to be generalized imitation.  

Generalized Imitation Review 

 Like the imitation literature, the generalized imitation literature has a long history of 

theoretical and experimental treatments. However, while this large literature does not deny their 

apparent commonality, researchers are quick to point out the distinction between imitation and 

generalized imitation. Verbal developmental theorists propose that the establishment of 

conditioned reinforcement for correspondence (e.g., see-do imitation relations) leads to the 

development of a generalized imitation repertoire (Greer, 2008; Greer & Ross, 2008; Greer & 

Speckman, 2009). While the act of imitation is a response class that is comprised of single, 

directly taught operants (e.g., behaviors), generalized imitation is a much larger response class 

that is comprised of imitative response classes that were acquired without direct instruction (see 

definition of terms for complete imitation and generalized imitation definitions). For example, an 

individual is said to have an imitation repertoire after that individual has been directly taught to 

imitate individual behaviors such as clapping hands and stomping feet. However, an individual is 

said to have the generalized imitation capability once that individual demonstrated the ability to 

imitate novel, untaught behaviors after acquiring previously taught imitative behaviors and is 

automatically reinforced by doing so. Thus, Catania (2007) considered the generalized imitation 

capability to be a higher order operant, meaning it is a large response that includes “classes 

embedded within other classes” (p. 155). Moreover, it may be presumed that before an individual 

develops a generalized imitation repertoire, that individual must first develop a basic imitation 

repertoire. Or to use an analogy, the individual must first learn to walk before he learns to run.  
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 Based on a review of the literature, it seems as though there is an experimental consensus 

that generalized imitation develops within separate subclasses of behaviors, yet it seems as 

though there is theoretical debate over generalized imitation mechanisms (as summarized in Baer 

& Deguchi, 1985). In addition, the generalized imitation literature reported that the capability 

was observed in young children and the literature also reported that the capability has been 

induced in young children when it was identified to be missing (Baer & Deguchi, 1985; Du, 

2011; Furnell & Thomas, 1967; Meltz, 1965; Pereira Delgado, Speckman, & Greer, 2009). The 

literature also emphasized the importance of the generalized imitation capability to human 

development (Greer & Ross, 2008; Greer & Speckman, 2009). The following section is a brief 

review of the generalized imitation literature that pertains to the current study, which includes 

highlights of: 1) the development of generalized imitation within topographically determined 

boundaries, 2) generalized imitation mechanisms, 3) generalized imitation and infants, 4) 

generalized imitation and toddlers, 5) inducing generalized imitation, and 6) the importance of 

generalized imitation. 

The development of generalized imitation within topographically determined 

boundaries. Research has examined the extent to which generalized imitation develops within 

topographically determined boundaries (Baer & Deguchi, 1985; Baer, Peterson, & Sherman, 

1967; Garcia, Baer, & Firestone, 1971; Poulson, Kyparissos, Andreatos, Kymissis, & Parnes, 

2002; Sherman, Clark, & Kelly, 1977; Young, Krantz, McClannahan, & Poulson, 1994). This 

research suggested that generalized imitation does not constitute a single all-inclusive response 

class, rather that generalized imitation may be comprised of distinct subclasses that are defined 

by the topography (e.g., form) of the imitative responses. This theory has been examined with 

both neuro-typical subjects and subjects who were not neuro-typical over the past decades.  
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 Although the seminal Baer, Peterson, and Sherman (1967) imitation study did not directly 

seek to analyze the development of generalized imitation across imitative topographies, the 

results of their study showed that the participants diagnosed with disabilities had difficulty in 

immediately obtaining generalized imitation from motor imitation to what they considered to be 

vocal imitation. After demonstrating the capability of emitting novel motor imitative responses, 

two out of the three participants initially failed to produce a vocal response after hearing a model 

demonstrate the vocal response (Baer et al., 1967). Subsequently, the experimenters provided 

those participants with additional training to produce generalized vocal imitation.  

Meanwhile, Garcia, Baer, and Firestone (1971) conducted a study to directly examine the 

experimental development of an imitative repertoire within pre-selected topographical 

boundaries (small motor, large motor, short vocal responses, and long vocal responses). Four 

adolescents (ages 8- to 14-years old) diagnosed with developmental delays that had little or no 

imitative skills participated. The experimenters employed a multiple baseline across responses 

design so that each participant was individually trained (via shaping and fading techniques) to 

imitate responses that were divided into the three topographical boundaries. The sequential 

training of the response types begun at different temporal periods of the study and unconsequated 

probes were continually conducted throughout to assess generalization within each response 

type. The results showed that generalized imitation was observed in each participant. However, 

the generalization was restricted to the topographical type of imitation that received training and 

did not generalize to the untrained response type (Garcia et al., 1971). Thus, the results indicated 

that small motor, large motor, short vocal responses may be members of different imitative 

response classes (e.g., repertoires).  
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Likewise, during their third experiment in a series of experiments that studied the 

development of imitation, Sherman, Clark, and Kelly (1977) also examined the experimental 

development of an imitative repertoire within four pre-selected topographical boundaries with 

three typically developing preschoolers. The four pre-selected topographically different groups 

of responses were: hand and arm responses, leg and foot responses, vocal responses, and entire-

body responses. The participants were presented with groups of responses that consisted of three 

trained (reinforced) responses and one probe (non-reinforced) response. The groups of responses 

were counter balanced across participants and the results of the study showed that the topography 

of the reinforced imitative responses exerted some control over the types of probe responses that 

were imitated (Sherman et al., 1977).  

Though Garcia, Baer, and Firestone (1971) examined the experimental development of 

an imitative repertoire within pre-selected topographical boundaries with adolescents diagnosed 

with developmental delays, Young, Krantz, McClannahan, and Poulson (1994) conducted the 

first study that specifically examined the potential response topographies that may form 

generalized imitative subclasses with children diagnosed with autism spectrum disorder. Four 

children (2- to 4-years old) who displayed some perseverative behaviors participated. The 

experimenters employed a multiple baseline across responses design to assess the generalization 

of imitation across and within response types. The participants were presented with both 

reinforced training trials and non-reinforced probe trials involving imitative models from vocal, 

toy-play, and pantomime response types. The non-reinforced probe trials were used to examine 

imitation generalization within each response type. Similar to the results of the Garcia et al. 

(1971) study, the results of this study showed that imitation generalized from reinforced training 
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models to non-reinforced probe models within a response type, but it did not generalize across 

response types (Young et al., 1994).  

More recently, Poulson, Kyparissos, Andreatos, Kymissis, and Parnes (2002) conducted a 

study that systematically replicated the Garcia, Baer, and Firestone (1971) and Young, Krantz, 

McClannahan, and Poulson (1994) studies. However, the participants in their study were 

typically developing infants between the ages of 14- and 17-months. The experimenters 

employed a multiple baseline across responses design to assess the generalization of imitation 

across and within the response types of motor-with-toy responses, motor-without-toy responses, 

and vocal responses. During treatment, the mothers of the participants modeled and provided 

praise contingent upon their child imitating their model and non-reinforced probe trials were 

interspersed. The results showed a systematic increase in the percentage of training and probe 

models imitated by all three infants following the introduction of the treatment condition while 

infant responses that did not match the mother’s model failed to increase. In addition, the results 

showed that overall imitation generalized within each response class, but failed to generalize 

across response classes (Poulson et al., 2002). Thus, their results also suggest that generalized 

imitation may be limited by the topographical boundaries of the response class that was 

previously trained (e.g., reinforced).  

In conclusion, the results of the aforementioned studies have all shown results that 

suggest generalized imitation may not constitute a single all-inclusive response class; rather, that 

generalized imitation may be comprised of distinct subclasses that are defined by the topography 

(form) of the imitative responses.  Since this theory has been examined across participant 

characteristics (e.g., across ages and development), perhaps it is fair to claim that “generalized 

imitation has been shown to be reliably limited by topographically defined boundaries” (Poulson, 



32 

 

Kyparissos, Andreatos, Kymissis, & Parnes, 2002, p. 356). However, as with all theories, further 

research is warranted to examine the nature of generalized imitation across and within 

topographically defined boundaries. I sought to further examine this notion in my second 

experiment.  

The debate over generalized imitation mechanisms. There is research-based 

controversy about the conditions that control and indirectly maintain generalized imitation and 

that controversy is debated primarily for its possible special-education applications for teaching 

such repertoires as self-help skills to individuals with developmental delays (Baer & Deguchi, 

1985; Baer & Sherman, 1964; Greer & Speckman, 2009). Four main theories will be reviewed: 

1) the conditioned reinforcer hypothesis, 2) the discrimination explanation, 3) the reinforcement 

schedule explanation, and 4) the social control of generalized imitation explanation.  

The conditioned reinforcer hypothesis. The conditioned reinforcement explanation of 

the generalized imitation phenomenon was the earliest explanation to be proposed. The 

conditioned reinforcer hypothesis suggests that in the process of learning matching relations 

(e.g., imitative actions), children also gradually learn to discriminate the topographical similarity 

between the modeled stimulus and any of their responses that resemble it and “the conditioned 

reinforcer is hypothesized to be the class of stimulus similarities between the model’s output 

[what the observer sees the model do] and the observer’s output [what the observers sees him or 

herself do]” (Baer & Deguchi, 1985, p. 180). This hypothesis conceives the behavioral similarity 

as a “stimulus” that develops conditioned reinforcement properties.  According to this analysis of 

generalized imitation, if the accurate reproduction of observed behaviors is frequently reinforced, 

the experience of seeing-and-doing eventually acquires conditioned reinforcement properties. 

Thus, after the experience of seeing-and-doing becomes a conditioned reinforcer in its own right, 
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individuals are then disposed to perform imitative responses for their inherent or automatic 

reinforcement value (Baer & Sherman, 1964; Greer & Speckman, 2009). 

 Baer and Sherman (1964) were pioneers in the study of reinforcement’s role in the 

generalized imitation capability. They conducted an experiment to analyze the function of what 

they called “social reinforcement operations” in the promotion of an observer emitting imitative 

behaviors. Specifically, they studied the occurrence of imitative behaviors that were never 

directly reinforced (Baer & Sherman, 1964). The results of the experiment first showed that 

young children could be taught specific imitative behaviors with the use of a cowboy puppet 

(e.g., the cowboy puppet delivered social reinforcement contingent on the children emitting the 

imitative behaviors). Secondly, the results showed that another response modeled by the puppet 

was imitated by the children even though the puppet did not reinforce that behavior when it was 

interspersed among the other topographically different behaviors that were reinforced. Thirdly, 

the results showed that when reinforcement was no longer given following the previously 

reinforced behaviors or when the models were no longer presented, the children’s emission of 

imitative behaviors of both the reinforced and non-reinforced responses decreased (Baer & 

Sherman, 1964).  

 When discussing the results of their study, Baer and Sherman (1964) provided a possible 

explanation as to why children may imitate a behavior (or chain of behaviors) that they observe. 

They stated that young children often encounter situations where they are in a position to learn 

“what response on [their] part reproduces the effect produced by the model’s behavior” (p. 47). 

For example, young children may often observe their parents or older siblings turn a doorknob, 

unscrew a lid, or unbuckle a seatbelt, and in turn, children eventually differentiate their own 

behavior to the point where they succeed in opening a door, opening a jar, or releasing 
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themselves from a car seat without their behaviors receiving direct reinforcement from others. 

Baer and Sherman (1964) explained this phenomenon as such:  

In [these situations], the stimulus of similarity between the child’s behavior and the 

model’s is consistently programmed and sets the occasion for reinforcement of the child. 

Given enough of these situations, of adequate consistency and variety, the stimulus of 

similarity between behaviors in general may become discriminative for reinforcement. 

Since a stimulus which is discriminative for reinforcement becomes (secondarily) 

reinforcing in its own right, then responses which produce similarity between behaviors 

will thereby be strengthened. Responses of the child which produce similarity are those 

responses which have a topography that the child can compare to the topography of the 

model’s responses. Hence the child will become generally “imitative” and if similarity 

has great strength as a discriminative and therefore reinforcing stimulus, imitative 

behavior will be correspondingly more prevalent and apparently autonomous. (p.47)  

 Verbal developmental researchers proposed a similar theory in support of the notion that 

the generalized imitation capability is reinforced by the correspondence between seeing and 

doing. They proposed that the behavior emitted by one who possesses this capability is 

maintained by an association that involves the observation and duplication of movements and 

where the response classes of seeing and doing are joined (Greer & Speckman, 2009). Greer 

(2008) used the example of dance to explain how the generalized imitation capability is 

reinforced by the correspondence between seeing and doing. He stated that dance is a “collateral 

cultural outcome of generalized imitation [that involves] the observation and duplication of 

movements and the subsequent joining of seeing and doing. After multiple exemplar experiences 
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of seeing and reproducing physical movements, interpretative and non-corresponding 

movements may emerge as creative responding” (Greer, 2008, p. 370).  

The discrimination explanation. The discrimination explanation of the function of the 

generalized imitation capability proposes that an individual continues to emit non-reinforced 

imitative behaviors simply because he or she cannot discriminate reinforced from non-reinforced 

responses (Bandura & Barab, 1971).   

 To test their proposed discrimination hypothesis Bandura and Barab (1971) conducted a 

study with young developmentally delayed children as well as typically developing children 

(between the ages of 6- and 7-years-old). During the first experimental condition, the participants 

were positively reinforced for imitating a series of motor responses until the participants emitted 

a high level of imitative responses. During the next experimental condition, the participants were 

consistently reinforced for emitting motor responses demonstrated by one adult model, but they 

were never reinforced for imitating a second adult model of the opposite sex who exhibited a 

subset of similar motor responses in the same sessions. This second phase was implemented to 

measure generalized imitation across adult models. During the last experimental condition, the 

experimenters conducted a test to determine whether the participants would display differential 

imitation of the previously reinforcing adult model depending on the discriminability and 

functional value of the model’s behavior (Bandura & Barab, 1971). 

 The results of the study revealed that the participants continued to perform the non-

reinforced imitative responses that were difficult to discriminate from reinforced imitative 

responses, but they discontinued imitating non-reinforced responses that were easily 

distinguishable. In addition, the results showed that non-reinforced imitative actions may be 
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maintained in some instance by flawed anticipated consequences (Bandura & Barab, 1971). To 

summarize their findings Bandura and Barab (1971) stated that: 

Generalized imitation might be more accurately designated as generalization of imitative 

responding which is largely regulated by discriminability of stimuli signifying probable 

consequences, by prior history of selective reinforcement of imitative performances, and 

by subjective reinforcement contingencies derived by individuals from other informative 

cues. These influences control imitative behavior primarily through anticipated 

consequences that may or may not accurately reflect objective conditions of 

reinforcement. (p. 254)  

The reinforcement schedule explanation. Gewirtz and Stingle (1968) suggested an 

alternative position to that of Bandura and Barabs’s (1971) discrimination explanation regarding 

the mechanisms that may control the generalized imitation capability. They proposed the 

reinforcement schedule explanation, which emphasizes the role of the variable-ratio schedule of 

reinforcement involved in generalized imitation procedures. Proponents of this explanation 

support the notion that generalized imitation is maintained under an intermittent schedule of 

reinforcement (e.g., children’s imitative behaviors are only occasionally rewarded externally 

(Gewirtz, 1971; Gewirtz & Stingle, 1968).  

Opposition to the conditioned reinforcer hypothesis, discrimination explanation, and 

reinforcement schedule explanation. Steinman (1970a) opposed the conditioned reinforcement 

theory, discrimination explanation, as well as the reinforcement schedule explanation. He 

suggested that the generalized imitation capability is “largely a function of instructional and 

other social variables operating within typical generalized imitation procedures” (p. 10).  He 

proposed that although the aforementioned theories may apply to initial non-reinforced imitative 
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behaviors, the theories did not seem to apply when used to explain the continued emission of 

non-reinforced imitative behaviors. He questioned the specific procedures used in generalized 

imitation research that makes “the behavior uniquely susceptible to the type of conditioned 

reinforcement” (p. 80).  

 Steinman (1970a) tested the previously proposed theories in a study to determine whether 

children continue to emit non-reinforced imitative behaviors in generalized imitation research 

because they fail to discriminate the contingencies associated with the various behaviors being 

modeled. During one condition of the study, the emission of imitative behaviors by children were 

differentially reinforced using procedures similar to those used in previous studies involving 

generalized imitation. During a second condition, the same children were also presented with 

trials in which they could imitate one of two modeled behaviors; they were given a choice to 

either imitate a behavior that would be reinforced or a behavior that would not be reinforced. 

During a third condition, the children were instructed not to imitate responses that did not 

produce reinforcement.  

The results of the three experiments conducted indicated that the previously proposed 

explanations of generalized imitation may be only partially correct; although the children in the 

study emitted a non-reinforced behavior when no reinforced alternative was available, they also 

reliably emitted the reinforced imitative behavior when it was presented in a choice procedure 

(Steinman, 1970a). In addition, the results showed that the children immediately stopped 

imitating non-reinforced behaviors when simply instructed to stop. According to Steinman 

(1970a), the results of the study indicated that even though a child may discriminate a particular 

behavior as an occasion for non-reinforcement, that child may still imitate the behavior if the 

behavior is the only behavior modeled on a trial and if the child has not been instructed to imitate 
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only reinforced behaviors. Thus, Steinman claimed that these results suggested that the 

generalized imitation capability is perhaps a result of a child’s instructional history and other 

social variables associated with the procedures that have been used to examine generalized 

imitation (Steinman, 1970a).  

The social control of generalized imitation. Steinman (1970b) conducted two 

experiments to: 1) determine whether an experimenter who is never paired with reinforcement 

during generalized imitation procedures will cease to elicit imitative behaviors, 2) determine 

whether a child’s continued emission of imitative behaviors of non-reinforced responses can 

reasonably be attributed to his inability to discriminate reinforced from non-reinforced imitative 

responses, and 3) examine further the instructional control within generalized imitation 

procedures by manipulating the instructions under which the child performs the imitative 

behaviors. The results of this experiment replicated the results of Steinman’s (1970a) study 

previously described and thus were incompatible with the discrimination and reinforcement 

scheduling explanations of generalized imitation (Steinman, 1970b).  

 The results showed that although every participant imitated all or nearly all non-

reinforced imitative behaviors when no reinforced alternative behavior was available, all but one 

participant reliably emitted the reinforced imitative behaviors when given the opportunity to 

select which behaviors to imitate. Likewise, every participant stopped imitating the non-

reinforced imitative responses when instructed not to imitate them. When only the instruction of, 

“do this,” was presented before each trial the children imitated every non-reinforced behavior as 

they had under other conditions in the study. In addition, the results showed that the procedure of 

having the two different experimenters paired with either reinforcement or non-reinforcement 

had no effect on the participants’ imitative behavior; thus, it is possible that the differential 
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experimenter-response pairing procedures were not sufficient enough to overcome the child’s 

pre-experimental history regarding compliance with adult commands (Steinman,1970b). 

 After analyzing the results of the study, Steinman (1970b) proposed that there is an 

element of generalized imitation that may be controlled by social contingencies. Steinman 

(1970b) speculated that a child’s emission of imitative responses is a function of that child’s pre-

imitation history with the adult model and that adult models who frequently dispense 

reinforcement are more likely to be imitated than models who have no such history of 

reinforcement.  

It should be noted that the Steinman (1970b) study was not designed to examine the 

conditioned reinforcement explanation of generalized imitation; however, the researchers 

claimed that resulting data might have “some relevance for [the conditioned reinforcement] 

interpretation” (p. 164). Steinman (1970b) explained that, “if a child discriminates [the non-

reinforced behaviors] as occasions for non-reinforcement, as the results of the choice procedures 

and the instructions indicate, then imitating [the non-reinforced behaviors] should not be 

reinforcing. Thus, behaving like the model on these occasions is unlikely to be positively 

reinforcing” (p. 164).  

In summary, the results of the Steinman (1970b) study shed light on the importance of the 

role social contingencies play on the development and maintenance of imitative behavior. 

Steinman (1970b) emphasized that the roles that imitative (and non-imitative) instructions as 

well as social variables may play in generalized imitation procedures should not be overlooked. 

Steinman (1970b) stated that, “Investigations into the motivating, discriminative, and reinforcing 

functions of social and instructional variables present in the imitation situation may produce not 
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only an explanation of generalized imitation, but also the technology necessary for its effective 

use” (p. 166). 

Generalized imitation and infants. Horne and Erjavec (2007) conducted two 

experiments to investigate the generalized imitation of manual gestures with infants between the 

ages of 1- to 2-years old. During the first experiment, the participants were first trained to imitate 

four gestures. To test for generalized imitation, four novel non-reinforced gestures were 

interspersed with the four trained imitative responses, which were intermittently reinforced. The 

results of the first experiment showed that none of the participants imitated the four novel non-

reinforced gestures (Horne & Erjavec, 2007). In addition, a second generalized imitation test was 

administered after it was confirmed that the participants were capable of physically making the 

gestures and that test showed that the participants again failed to imitate the four novel non-

reinforced gestures.  

 The experimenters then replicated the methods of the first experiment in a second 

experiment; however, they increased their motor-skills training to a higher criterion and used a 

multiple baseline across target behaviors design. The results of the second experiment also did 

not show convincing evidence of the presence of the generalized imitation capability in infants 

ages 1- 2-years-old.   

 The Horne and Erjavec (2007) findings differ from those of the Poulson, Kyparissos, 

Andreatos, Kymissis, and Parnes (2002) study. As previously discussed, the infants in the 

Pouslson et al. (2002) study first learned to imitate four behaviors via reinforcement procedures 

and then their probe tests revealed that their participants emitted novel non-reinforced responses 

within topographically boundaries. Nevertheless, it should be noted that these varying results 

might be due to some procedural differences between the two studies. Future research that 
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systematically replicates the procedures of both studies is warranted to further investigate the 

presence of the generalized imitation capability in infants.  

Generalized imitation and toddlers. Erjavec and Horne (2008) conducted an extensive 

study to investigate the imitative skills of young typically developing children between the ages 

of 25- and 41-months-old. The purpose of their study was to: 1) investigate the imitative errors 

that young children make with arm movements that involve contralateral movements 

(movements that cross the body’s midline) and ipsilateral movements (movements on one side of 

the body), 2) investigate whether the participants’ trained imitative repertoire had an effect on 

the imitative errors they made, and 3) investigate whether the cognitive goal theory or the 

behavioral conditioned reinforcement theory better explains the participants’ imitative responses 

that were designed to make a distinction between the two theoretical positions.  

 The results of their study showed that 3-year-olds made a large number of imitative errors 

even when non-reinforced imitative responses were interspersed with intermittently reinforced 

imitative responses and 2-year-olds emitted even higher error rates. The results also showed that 

all participants tended to mirror the modeled response (e.g., when the experimenter faces the 

participant and models a right-hand touch to the right shoulder, the child then uses the left-hand 

touch to the left shoulder).  In regards to hand usage, the results showed that both the 2-year-olds 

and the 3-year-olds tended to respond with their dominant hands when presented with model 

responses that used one hand and tended to respond with two hands even when a one-handed 

response was modeled, but did not show the reverse tendency. In regards to contralateral and 

ipsilateral movements, both 2-year-olds and 3-year-olds tended to emit ipsilateral movements 

when presented with contralateral movements and the 2-year-olds produced significantly more 

errors than the 3-year-olds. In addition, the results seemed to support the Skinnerian account of 
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imitation more so than the conditioned reinforcement theory or the cognitive goal theory when 

analyzing the participants’ imitative responses. According to the experimenters’ analysis of their 

data, the results did not provide evidence to support the conditioned reinforcement theory 

because the participants’ response accuracy did not improve over trials and the main predictions 

of the goal theory (e.g., that children’s inferences about the endpoints of the target behaviors they 

see modeled are more important determinants of imitation than the actual gesture) were 

contradicted because the participants’ responses did not seem to be goal directed.  

Inducing generalized imitation. While there have been studies conducted to test for the 

presence of the generalized imitation capability in children, there are limited studies that have 

investigated procedures that have induced the generalized imitation capability when it is missing.  

Metz (1965) used operant conditioning methods teach children diagnosed with autism to 

imitate. The experiment consisted of pre-testing conditions, imitation training conditions, and 

post-testing conditions. The pre-testing and post-testing conditions tested for the presence of 

generalized imitative behavior prior to and after imitation training conditions. The results 

showed that not only did the participants learn to imitate specifically trained actions, their newly 

acquired imitative skills generalized to similar but novel actions where specific training and 

specific rewards were not given (Metz, 1965). Metz reported that the results suggested that: 1) 

children diagnosed with autism can learn to imitate, 2) the ability can generalize to similar but 

novel behaviors without specific training, and 3) the generalized imitative responses can persist 

in a context of reinforcement of other imitative behavior without specifically being reinforced.  

Soon after, Furnell and Thomas (1967) also conducted a study to investigate the 

emergence of generalized imitation with young children diagnosed with intellectual disabilities.  

Prior to the imitation training implemented during the intervention, none of the participants 
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showed any evidence of imitative skills. The imitation training consisted of an instructor sitting 

face-to-face with the participants, modeling an action, and providing the instruction, “do this.” 

Prompt fading and reward tactics were also used during training. Experimental conditions that 

tested for the presence of generalized imitation did not involve reinforcement or consequences 

for participant responding. The results showed that after imitation training, imitation and 

generalized imitation skills were successfully acquired to mastery level criterion across all 

participants (Furnell & Thomas, 1967).  

Recently, Pereira Delgado, Speckman, and Greer (2009) conducted two experiments that 

tested the effects of teaching children diagnosed with developmental delays to imitate motor 

actions while observing adults performing actions through a mirror on the emergence of 

generalized imitation. Similar to the Metz (1965) study, Pereira Delgado and colleagues 

conducted pre-testing and post-testing conditions to test for the presence of generalized imitation 

behavior (the dependent variable) prior to and after imitation training conditions. Likewise, 

similar to the testing procedures conducted in the Furnell and Thomas (1967) study, the 

conditions that tested for the presence of generalized imitation in the Pereira Delgado et al. 

(2009) study did not involve reinforcement or consequences for participant responding. These 

testing conditions consisted of simply having an instructor sit face-to-face with the participants, 

model an action, and provide the instruction, “do this.” However, the imitation training (the 

intervention and independent variable), implemented during the Pereira Delgado et al. (2009) 

study consisted of teaching participants to imitate a set of actions in front of a mirror until 

mastery criterion was met on the training set.  

The results of the two Pereira Delgado, Speckman, and Greer (2009) experiments showed 

that after mastering imitation sets of motor actions using a mirror, generalized imitation emerged 
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for all participants. In addition the results showed that the number of actions taught using the 

mirror ranged from 4 to 20 different actions before generalized imitation was induced, which 

was less than the 40-60 actions needed in the seminal Baer, Peterson, and Sherman (1967) 

imitation study. 

More recently, Du (2011) also tested the effects of teaching imitation using a mirror on 

the emergence of generalized imitation with young children diagnosed with disabilities. After 

experimentally determining that left/right discrimination instruction was not needed prior to 

inducing generalized imitation, Du (2011) compared experimental and control groups of 

participants to determine the effectiveness of using a mirror to teach imitative behaviors on the 

emergence of generalized imitation.  The results showed that the mirror instruction facilitated the 

emergence of generalized imitation in all children in the mirror-trained group, while generalized 

imitation was not demonstrated by their matched controls who received the same amount of 

instruction without the use of a mirror. 

The importance of generalized imitation. Verbal developmental scholars consider 

generalized imitation to be a higher-order operant that is an essential pre-verbal, foundational 

developmental cusp as well as an essential pre-verbal developmental capability (see definition of 

terms for complete verbal developmental cusp and verbal developmental capability definitions) 

(Greer & Ross, 2008; Greer & Speckman, 2009). Not only does the generalized imitation 

capability result in a child’s ability to emit imitative behaviors and learn more complex 

behaviors, the generalized imitation capability also enables a child to learn in a new way that he 

or she could not before without direct instruction from others (e.g., via independent see-do 

relations). Greer and Ross (2008), advocate that generalized imitation is a pre-verbal, 

foundational developmental capability that is necessary to accelerate learning. 
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The generalized imitation phenomenon may explain a wide range of social and linguistic 

development in children (Baer & Deguchi, 1985). “If each imitative behavior needed to be 

directly trained and reinforced, enormous, unrealistic efforts by parents and teachers would be 

required to give children even a small amount of the skills necessary for daily life” (Baer & 

Deguchi, 1985. p. 185). In addition, the generalized imitation capability may also facilitate the 

acquisition of human development without the time-consuming process of trial-and-error 

learning. 

Emulation Review  

 Like the importance of differentiating between the act of imitation and the generalized 

imitation capability, it is also important to differentiate between the acts of imitation and 

emulation. Tomasello, Kruger, and Ratner (1993) proposed a distinction between imitation and 

emulation; imitation refers to the reproduction of the model’s actual behavior or behavior chains 

(or means), whereas emulation refers to the reproduction of a goal, independent of precise 

means. The act of transcribing (duplicating written letters) may help to illustrate the Tomasello et 

al. (1993) distinction. According to the Tomasello et al. (1993) definition of imitation, an 

individual imitates if after observing a model write the capital letter “T” by producing the bottom 

of the “T” first, then crossing the top of the “T” second, in turn, the individual duplicates the 

capital letter “T” by also producing the bottom of the “T” first, then crossing the top of the “T” 

second. However, according to the Tomasello et al. (1993) definition of emulation, an individual 

emulates if after observing a model write the capital letter “T” by producing the bottom of the 

“T” first, then crossing the top of the “T” second, in turn, the individual duplicates the capital 

letter “T” by producing the top of the “T” first, then producing the bottom of the “T” second.  
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Nevertheless, although the literature often distinguishes the acts of imitation and 

emulation, the literature also provides numerous definitions of emulation (see definition of terms 

for a more complete definition of emulation). There are those scholars who define emulation in 

regards to emitting a duplicative behavior after the observation of model (Tomasello, 1999; 

Zentall, 2006), while there are those scholars who suggest that emulation does not require an 

observed model (Rothstein, 2010). With the controversy surrounding the definition of emulation, 

perhaps it is justified to state that there are different types of emulation. Nonetheless, for the 

purposes of the current study, the simplified Tomasello et al. (1993) distinction and definition of 

emulation will be used.  

Given, the distinction between imitation and emulation, researchers have conducted 

studies to investigate the occurrence of these duplicative behaviors (Call, Carpenter, & 

Tomasello, 2005; Horner & Whiten, 2005; Tennie, Call, & Tomasello, 2006). Furthermore, the 

act of emulation has been considered to be a significant problem-solving behavior in human 

development, thus it has been induced in children who are missing it (Rothstein, 2010). The 

following section is a brief review of the emulation literature that pertains to the current study, 

which includes highlights of: 1) emulation verses imitation research with human and non-

humans, 2) emulation and toddlers, and 3) the characteristics of emulation.  

 Emulation verses imitation research with humans and non-humans. Recent research 

has studied the emulative verses imitative skills of both humans and non-humans. A growing 

body of evidence suggests that humans and other primates differ in the social learning 

mechanisms that they use in problem-solving situations. Specifically, the evidence suggests that 

while other primates tend to use emulative behaviors to solve problems, human children tend to 
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use imitative behaviors to solve problems (see Call, Carpenter, and Tomasello, 2005; Horner, & 

Whiten, 2005; Tennie, Call, & Tomasello, 2006 for in depth reviews).  

Call, Carpenter, and Tomasello (2005) conducted two experiments to study the 

duplicative behaviors of chimpanzees and human children. Both groups of subjects were shown 

different how-to demonstrations in regards to opening a tube. The different how-to 

demonstrations consisted of either: 1) the action necessary to open the tube without actually 

opening it, 2) the open tube without showing any actions, 3) both components in demonstrations 

1 and 2 (a full demonstration), or 4) none of those components (a baseline condition). After 

analyzing the subjects’ behavior in each condition, the results showed that while the 

chimpanzees mainly emitted emulative behaviors, the human children mainly emitted imitative 

behaviors to open the tubes (Call, Carpenter, & Tomasello, 2005).  

Horner and Whiten (2005) conducted a study to examine the tendencies of young human 

children and chimpanzees to use emulation verses imitation to solve a tool-using task. First, both 

groups of subjects observed a human demonstrator use a tool to retrieve a reward from a puzzle 

box. However, there was a how-to demonstration in two conditions: 1) the opaque condition 

where causal information about the effect of the tool inside the box was not available and 2) the 

clear condition where causal information was available and subjects could potentially determine 

which actions were necessary. The results showed that when the chimpanzees were presented 

with the opaque condition, they imitated the overall structure of the task and when they were 

presented with the clear condition, they instead used an emulative technique. However, in 

contrast to the chimpanzees, the results also showed that the human children used imitation to 

solve the task in both conditions at the expense of efficiency (e.g., accuracy and speed). Horner 

and Whiten (2005) suggested that their results (performance differences between the 
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chimpanzees and the children) might be due to “a greater susceptibility of children to cultural 

convention, perhaps combined with a differential focus on the results, actions, and goals of the 

demonstrator” (p. 164). 

Likewise, Tennie, Call, and Tomasello (2006) administered a task to both great apes and 

young human children to distinguish between what the researchers considered to be emulation 

(results learning) and imitation (action learning). Some of their subjects were exposed to a 

demonstrator either pushing or pulling a door to open a box, whereas other participants simply 

saw the door of the box independently opening itself in one of the two directions. The results 

showed that most of the apes successfully opened the box in both experimental conditions, but 

did not did not seem to be influenced by observing the demonstrator’s actions or the door’s 

independent motions. However, the results showed that depending on the human child’s age, the 

human children were influenced by both the demonstrator’s actions and/or the door’s 

independent motions. Tennie et al. (2006) suggested that those results provided support for the 

hypothesis that, “human children have a greater propensity than great apes for focusing either on 

a demonstrator’s action or on the result of their action, as needed, in social learning situations” 

(p. 1159).  

Emulation and toddlers. While the aforementioned studies noted that the young 

children in their studies tended to emit imitative behaviors during problem-solving tasks, recent 

research found that young children do emit emulative behaviors and emulation can also be 

induced in children that lack emulative skills (Rothstein, 2010). In her initial experiment, 

Rothstein (2010) tested for the presence of emulation in two groups of typically developing 

toddlers: toddlers who were habituated to the experimenter prior to being tested for emulation 

(habituation was established via a series of play dates involving positive reinforcement, 
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engagement of enjoyable activities, and establishment of instructional control) and toddlers who 

were not habituated to the experimenter prior to being tested. The results of this initial 

experiment showed that while the habituated toddlers demonstrated emulative behaviors, the 

non-habituated toddlers did not (Rothstein, 2010).   

In a second experiment, Rothstein (2010) tested for the presence of emulation in a new 

set of habituated participants. Of the habituated participants who did not demonstrate emulation, 

half received a trial-and-error treatment package (the experimental group) and other half did not 

receive a trial-and-error treatment package (the control group). The trial-and-error treatment 

package consisted of: 1) watching a video of another child removing a preferred item from a 

puzzle box without being shown the means of how the model children solved the boxes, 

followed by 2) the opportunity to engage in trial-and-error play with the puzzle box containing 

the preferred item. The results showed that the trial-and-error treatment package successfully 

induced emulation for the participants in the experimental group; however, emulation was not 

induced for the participants in the control group. Subsequently, after the trial-and-error treatment 

package was determined to be effective, the control participants were given the trial-and-error 

treatment package, which induced emulation in them as well (Rothstein, 2010).  

The characteristics of emulation. Emulation may be considered an important problem 

solving skill in primate development (Call, Carpenter, and Tomasello, 2005; Horner, & Whiten, 

2005; Rothstein, 2010; Tennie, Call, & Tomasello, 2006). As seen in the previously reviewed 

research, primates across species have emitted emulative skills to complete tasks that involve 

reproducing an already completed product (e.g., complete rewarded tasks). Skinner (1953) noted 

that problem solving is behavior that is both applicable and purposeful. Perhaps meaning that, as 
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in the case of emulation, problem solving consists of behaviors that are emitted (applied) to serve 

a purpose of obtaining a goal.  

 As in imitation and generalized imitation, emulation is another example of a see-do 

relation. However, the emulative see-do relation involves the observational process of seeing the 

outcomes of behavior and the “correspondence between what is observed and what one produces 

constitutes reinforcement” (Greer & Ross, 2008, p. 371). Specifically, the reinforcement 

involved in emulation is the correspondence between the finished product and the behavior 

chains involved in producing the finished product. Thus, the reinforcement resulting from 

emulation increases the likelihood that an individual emits the same sequence of behaviors in 

order to achieve the same product.  

Summary: The Educational Importance of Duplicative Repertoires  

In sum, the unique duplicative response classes of imitation, generalized imitation, and 

emulation have all received an incredible amount of attention both theoretically and 

experimentally. While the literature may debate about each one’s genesis and definitions, there is 

no denying their distinct impact on child development. Decades ago Miller and Dollard (1945) 

emphasized the educational impact duplicative repertoires have on childhood independent 

learning:  

Imitation can [accelerate] the process of learning by forcing the subject to respond 

correctly to the proper cue more quickly than he otherwise would. In this way, a 

preliminary phase of imitation or copying is often useful in teaching a subject to respond 

independently to the proper environmental cues. In fact, one of the chief functions of 

copying as it is commonly used in the schoolroom is to get the subject to the stage where 

he can make the socially appropriate response independently and in the absence of a 
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model. This use of the mechanism of imitation is of enough practical importance to 

deserve special attention. A more thorough understanding of the details of the process 

may suggest when imitation should be expected to be of great aid, of little aid, or a 

positive hindrance to independent learning. (p. 169) 

Miller and Dollard (1945) precisely summarized the educational importance of 

duplicative repertoires. For children, duplicative repertoires not only accelerate independent 

learning, they also enable children to access educational opportunities both in the classroom and 

in the home. It is not uncommon that teachers use models to teach academic material and it is not 

uncommon for parents to model how-to perform household and life skills. Parents and older 

family members often unknowingly serve as models for young children; they are often surprised 

to see their little ones perform tasks independently, or without them directly teaching them how-

to (e.g., independently opening a door or unbuckling a seatbelt).  

Perhaps this ability to acquire new skills without direct instruction is due to the 

generalized imitation capability. Perhaps then it is also justifiable to propose that the absence of 

the generalized imitation capability would greatly hinder a young child’s ability to learn from 

models as well as stunt their ability to learn independently. These proposals found the rationale 

of my second experiment (see my Experiment I discussion for a detailed rationale for 

Experiment II). However, young children diagnosed with developmental delays often do not 

have the generalized imitation capability in their repertoires (Du, 2011; Furnell & Thomas,1967; 

Metz, 1965; Pereira Delgado, Speckman, & Greer, 2009). Furthermore, there is limited literature 

that supplies effective and efficient research-based interventions that facilitate the induction of 

generalized imitation.  
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Experiment I Rationale and Research Questions  

The critical significance of generalized imitation in a child’s development funds the 

purpose of my first experiment. Previous studies have implemented mass teaching trials that use 

intensive physical prompting and behavior shaping techniques to establish imitative repertoires 

in children who could not imitate. Though shaping techniques have proven to be effective in 

teaching children to imitate they have shortcomings: 1) they can be extremely time-consuming 

(Baer, Peterson, and Sherman, 1967; Garcia, Baer, & Firestone, 1971) and 2) they do not always 

guarantee that the child will acquire generalized imitation. Pereira Delgado, Speckman, and 

Greer (2009) and Du (2011) sought to alleviate those shortcomings by testing the effects of using 

a mirror to teach preschool students diagnosed with developmental delays to imitate adult actions 

on the emergence of generalized imitation. 

There are limited studies that have investigated procedures that induced the generalized 

imitation capability when it is missing. My first experiment is a systematic replication of the 

Pereira Delgado, Speckman, and Greer (2009) study. The experiment was conducted to further 

test the effects of using a mirror to teach preschool students diagnosed with developmental 

delays to imitate adult actions on the emergence of generalized imitation. The difference between 

the present experiment and the original Pereira Delgado et al. (2009) study is that the four 

participants in my first experiment were younger (2- and 3-years-old) and the participants in my 

first experiment did not have an extensive instructional history with teaching imitation using 

more traditional teaching tactics. Therefore, I tested the effects of using a mirror to teach 

imitative responses on the emergence of generalized imitation with young preschoolers who not 

only did not have the generalized imitation capability, but who also had less of an instructional 

history with learning imitative responses using more traditional teaching tactics. Specifically, my 
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research question for Experiment I was: What are the effects of using a mirror to teach imitative 

motor responses on the acquisition of generalized imitation for young preschoolers diagnosed 

with developmental delays?  
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Chapter II 

GENERAL METHOD 

Overview 

 In the experiments reported herein, single subject research methods were implemented to 

test the effects of imitation instruction using a mirror on the emergence of both basic and 

advanced forms of generalized imitation (GI) involving physical actions with preschool students 

diagnosed with developmental delays. Experiment I was first conducted to test the effectiveness 

and efficiency of using a mirror to induce what the verbal developmental theory proposes to be 

generalized imitation with young preschool students. Experiment II was conducted to 

systematically replicate Experiment I while examining more advanced forms of GI with older 

preschoolers diagnosed with developmental delays as well as examine the effects of the absence 

and presence of advanced GI on the rate of participant learning after an adult provided a how-to 

demonstration. The shared methodological elements involved in each of the experiments will be 

reported in this general method section, while the unique elements that were specific to only one 

of the experiments will be reported in the separate experiment sections.     

Setting and Participants 

The participants in both experiments were preschool students diagnosed with 

developmental disabilities. Classroom performance and standardized test scores suggested that 

all participants were developmentally delayed. Prior to the onset of the experiment participants 

were being taught curricular objectives across academic, communication, community of 

reinforcers, self-management, and physical development repertoires. Tables 2, 3, 10, and 11 

feature detailed descriptions of the participants and their repertoire of skills at the onset of the 

experiments. 
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Parental consent for participation was obtained and participants were selected if they met 

certain prerequisites that were specific to each experiment. All participants from both 

experiments were selected from a pool of their preschool peers who attended the same privately 

run, publicly funded preschool for children with and without disabilities. The preschool was 

located in a suburban area 16 miles outside a major metropolitan city and it served children from 

nearby school districts. Children diagnosed with developmental disabilities were referred to the 

preschool by their local school districts while the families of children without developmental 

disabilities paid tuition or received scholarships for their child to attend the preschool. The 

preschool housed seven classrooms of varying student-to teacher-to teaching assistant ratios and 

student levels of verbal behavior. The duration of the school day was five hours for all students. 

The preschool employed a behavior analytic approach across instruction, curriculum design, 

interventions, staff training and management, as well as parent training. It followed the 

Comprehensive Application of Behavior Analysis to Schooling (CABAS®) model of education 

(Greer, 2002).  

All students in the preschool were assessed with the CABAS® International Curriculum 

and Inventory of Repertoires for Children from Pre-School through Kindergarten (C-PIRK) 

(Greer & McCorkle, 2009; Waddington & Reed, 2009) as well as the Verbal Behavior 

Development Assessment (VBD) (Greer, 2004). These assessment tools are employed at the 

onset of the students’ enrollment and throughout the school year to determine student repertoires, 

skill deficits, and levels of verbal behavior as well as to design individualized curricular target 

goals.  

The C-PIRK is a criterion-referenced assessment of student curricular objectives. The C-

PIRK assesses repertoires across the domains of academic literacy, communication, community 
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of reinforcers, self-management, and physical development. The VBD is an assessment of 

student verbal language development. The VBD assesses repertories across the domains of 

listening, speaking, writing, editing, algorithmic, and social repertories. When the C-PIRK and 

VBD assessments identify that a student is missing target skills, repertoires, and/or 

developmental cusps and capabilities, research based instruction and interventions are 

implemented (Greer & Ross, 2008; Greer & Speckman, 2009; Keohane, Pereira Delgado, & 

Greer, 2008). 

Dependent Variables 

 The dependent variables examined differed in the two experiments. Detailed descriptions 

of the dependent variables are provided in the separate experiment sections. In Experiment I, the 

dependent variable was the number of untaught, unconsequated basic physical imitative 

responses (e.g., nodding head) emitted by participants prior to and following intervention 

conditions while directly facing the experimenter. These untaught, unconsequated basic physical 

imitative responses functioned to test for the presence of generalized imitation (e.g., functioned 

to test whether or not participants were able to emit imitative actions that were never 

taught/trained). 

In Experiment II, the primary dependent variable was the rate at which participants 

mastered dressing skills (e.g., taking off and putting on shoes), which consisted of experimenter 

how-to demonstrations, followed by the opportunity to self-dress. The second dependent variable 

was participant responding during block structure duplication and transcription tasks, which 

consisted of experimenter how-to demonstrations, followed by the opportunity to perform the 

tasks.  
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Independent Variables 

 The independent variables implemented also differed in the 2 experiments. In Experiment 

I, the independent variable involved teaching the imitation of basic physical actions (e.g., 

clapping hands) while looking at an adult perform the actions in a mirror until mastery criterion 

was met. In Experiment II, the independent variable was the induction and/or presence of 

advanced, mastery level GI using mirror imitation instruction across bodily actions (e.g., gross 

motor, fine motor, oral motor, and multiple-step motor actions). 

Data Collection 

 Across both experiments, all data were collected in a 1:1 setting (e.g., one participant and 

one teacher/teaching assistant) while the other students in the classroom were engaged in 

instruction with the classroom teacher or teaching assistants. Data were collected during pre-

experimental and pre/post-intervention probes as well as intervention sessions using ink pens, 

clipboards, data collection forms, and graphs. Data were collected on responses to probe trials 

(e.g., during pre-experimental and pre/post-intervention probes) and learn unit presentations 

(e.g., during intervention and learning tasks). A plus (+) was recorded if the participant emitted a 

correct response and a minus (-) was recorded if the participant emitted an incorrect response.  

Materials 

During the intervention conditions in both experiments, the experimenter sat behind the 

participant while the participant sat directly in front of the mirror such that the participant could 

see him/herself as well as the experimenter in the mirror. The experimenter sat directly behind 

the participant at an angle (slightly off to the right or left side as determined by the experimenter) 

so that the participant could exclusively observe the experimenter’s actions through the mirror. 
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Both the experimenters and the participants sat in child-sized chairs throughout all experimental 

conditions.  

 The materials used in both experiments consisted of a mirror and data collection 

materials. The mirror was approximately 34.29 cm wide and 127 cm tall. It was a framed shatter-

resistant mirror that was free standing. The mirror was placed on the floor and leaned against a 

wall in front of the participant and experimenter.  

Design 

 Both experiments used a pre- and post-intervention non-concurrent multiple probe design 

across participants (Greer, Stolfi, Chavez-Brown & Rivera-Valdez, 2005; Greer, Stolfi & 

Pistoljevic, 2007; Horner & Baer, 1978; Pereira Delgado, Speckman, & Greer, 2009). In 

addition, a time-lagged design was employed to control for maturation and history. However, the 

sequence of experimental procedures differed between the two experiments and detailed 

explanations of each procedure are reported in the separate procedure sections (see Figures 2 and 

6).     
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EXPERIMENT I 

Method 

Participants 

Four preschoolers, three male and one female, diagnosed with developmental delays 

participated in the experiment.  At the onset of the experiment, their ages ranged from 2-years 

and 1-month old to 3-years and 1-month old. Tables 2 and 3 feature a detailed description of the 

participants and their repertoire of skills at the onset of the experiment. 

All participants were enrolled in the early intervention program at the preschool 

described in the preceding overview. The students were selected to participate in this experiment 

because prior to the onset of the experiment they: 1) were not older than 3-years of age, 2) were 

not exposed to extensive instruction involving imitation (6 imitative actions or less were taught 

and mastered using learn unit presentations), and 3) they did not demonstrate GI in pre-

intervention probes.  

At the onset of the experiment all participants had six or fewer imitative motor actions in 

repertoire. All participants had been taught to imitate the motor actions using the presentation of 

learn units (Albers & Greer, 1991; Greer & McDonough, 1999; Ingham & Greer, 1992; Pereira 

Delgado, Speckman, & Greer, 2009). These imitative motor actions were taught with the 

participant sitting face-to-face with instructors during 20-learn unit sessions. Cumulative face-to-

face learn unit sessions prior to the onset of the experiment ranged from 0 sessions to 20 sessions 

across participants (see Table 4 for details of the imitation instruction provided prior to the onset 

of the experiment). However, this procedure was not successful in inducing GI because during 

pre-intervention probe conditions, it was determined that all four participants did not 

demonstrate emission of untaught imitative actions. 
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Table 2 

Description of the Participants at the Onset of Experiment I 

 Participant A Participant B Participant C Participant D 
Gender/ 

Chronological Age 
Male/ 

2-yrs, 1-m 
Male/ 

3-yrs, 1-m 
Male/  

2-yrs, 3-m 
Female/  

2-yrs, 10-m 
Diagnosis Preschool Student with a Disability 

Standardized 
Assessment 

Peabody Developmental Motor Scales-2 

Standard Score or 
Delay 

Greater than a 
33% delay 

Grasping: 7 
Visual-Motor: 6 

9-13 month 
delay 

Grasping: 4 
Visual-Motor: 4 

Examples of 
Mastered 

Curricular 
Objectives 

�  Sits quietly & 
maintains 
appropriate 
head 
orientation 

�  Maintains eye 
contact for 3s 

 

�  Generalized 
matching 

 

�  2-dimensional 
Matching 

Examples of 
Targeted 

Curricular 
Objectives 

�  Maintaining 
eye contact for 
3s 

�  Sitting still 
during 
instruction 

�  Following 1-
step directions 

�  Manding with 
the phase, “I 
want (item)” 

�  Sitting still 
during 
instruction 

�  Following      
2-step 
directions 

�  Manding with 
the phrase, 
“(item, 
please”) 

�  Maintaining 
eye contact for 
3s 

�  Sitting still 
during 
instruction 

�  Following 1-
step directions 

�  Manding with 
1-syllable 
words 

�  Maintaining 
eye contact for 
3s 

�  Sitting still 
during 
instruction 

�  Following 1-
step directions 

�  Manding with 
a point 
response 

Presence of Verbal Developmental Cusps 
Instructional 

Control 
Yes Yes Yes No 

Conditioned 
Reinforcement for 

Adult Voices 

No No No No 

Conditioned 
Reinforcement for 

Adult Faces 

No No No No 

3D & 2D 
Matching 

No No Yes No 

Listener Literacy No No No No 
Echoic-to-mand No No No No 

Echoic-to-tact No No No No 
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Note. Standardized testing was conducted prior to the participants’ preschool placement by 

independent examiners. Standardized testing consisted of the Peabody Developmental Motor 

Scales—2 (PDMS2) (Folio & Fewell 2000). The PDMS2 assesses both qualitative and 

quantitative aspects of gross and fine motor development in young children. Standard scores on 

the PDMS2 that range between a score of 1-3 signify very poor; 4-5 = poor motor skills; 6-7 = 

below average; 8-12 = average; 13-14 = above average. The presence of verbal developmental 

cusps was determined by the Verbal Behavior Development Assessment (VBD) (Greer, 2004). 

Table 3 

Description of the Participants’ C-PIRK Repertoires at the Onset of Experiment I 

Percentage of Mastered Cumulative 
C-PIRK Objectives: 

Participant 
A 

Participant 
B 

Participant 
C 

Participant 
D 

Across All Repertoires 9% 7% 4% 3% 
In the Academic Equivalence 

Repertoire 
0% 0% 2% 0% 

In the Communication Repertoire 0% 0% 0% 0% 
In the Community of Reinforcers 

Repertoire 
6% 6% 0% 0% 

In the School Sufficiency 
Repertoire 

16% 30% 0% 0% 

In the Social Repertoire 25% 7% 0% 0% 
In the Small Muscle Repertoire 21% 5% 0% 11% 
In the Large Muscle Repertoire 19% 26% 14% 10% 

 

Note. The CABAS® International Curriculum and Inventory of Repertoires for Children from 

Pre-School through Kindergarten (C-PIRK) (Greer & McCorkle, 2009; Waddington & Reed, 

2009) is a criterion-referenced assessment of student curricular objectives. The C-PIRK assesses 

repertoires across the domains of academic literacy, communication, community of reinforcers, 

self-management, and physical development. Dividing the total number of mastered objectives 

by the total number of C-PIRK objectives and multiplying by 100% calculated the percentage of 

mastered cumulative C-PIRK objectives. 



62 

 

Table 4 

Description of the Imitative Instruction Provided to each Participant Prior to the Onset of 

Experiment I 

 Participant A Participant B Participant C Participant D 
Total Instructional 

Sessions 
19 0 7 20 

Total Number of 
Learn Units 

380 0 140 200 

Imitative Actions 
Taught and 
Mastered 

Tap lap, clap 
hands, touch 

nose, tap tummy, 
tap table, stand up  

0 Clap hands, 
blow kiss 

Clap hands, 
tap table 

 

Note. The imitative motor actions were taught with the participant sitting face-to-face with 

instructors during 20-learn unit sessions. 

Setting  

 The experiment took place in a preschool classroom throughout the school day between 

the times of 9:00 a.m. and 2:00 p.m. The classroom was furnished with a large, kidney-shaped 

table (180 cm x 96 cm x 53 cm) for whole group instruction/activities as well as smaller, 

rectangular tables (91 cm x 61 cm x 53 cm) for small group and individual work. There were 

seven child-sized chairs (34 cm in height) and four adult-sized chairs (51 cm in height) in the 

classroom. The classroom also had a free-play area (243 cm x 254 cm) with various toys and a 

children’s bookshelf (63 cm x 30 cm x 71 cm), and a teacher’s desk (144 cm x 61 cm x 74 cm) 

with a computer. There was one large bank of windows along the northern wall. Throughout the 

classroom were large (120 cm x 200 cm) cabinets to house supplies and materials. Wall hangings 

were minimal, mostly consisting of classroom resources, examples of students’ schoolwork, and 

graphs representing the children’s academic progress.  
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During the pre- and post-intervention probe sessions, the experimenter sat directly facing 

the participant (approximately 50 cm away from the participant) in various locations in the 

classroom that were designated for instruction (e.g., next to work tables). During intervention 

conditions, the location of the mirror intervention sessions rotated in the classroom and depended 

upon available space that was at an appropriate distance away from the other students/teachers 

involved in various instruction. A picture of a mirror intervention session is shown in Figure 1.  

 

 

 

 

 

 

 

 

 

 

Figure 1. A picture of mirror intervention set up in a classroom. 

Dependent Variable and Response Definitions 

  The dependent variables were the number of untaught correct imitative responses emitted 

during pre-intervention and post-intervention probes. During the probe sessions, participants 

were presented with a single opportunity to respond to 20 probe trials involving novel or 

untaught imitative responses that are listed in Table 5. No feedback or consequations were 

provided (e.g., corrections were not provided after incorrect responses and reinforcement was not 
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provided after correct responses). Thus, it is important to note that these actions were not 

involved in a teaching/training format during experimental conditions. This probe-set of actions 

functioned to test for the presence of generalized imitation (GI) (e.g., functioned to test whether 

or not participants were able to emit imitative actions that were never taught/trained). The 

mastery criterion for GI was determined to be 80% accuracy (16 out of 20 correct responses).  

During the probe sessions, the experimenter presented the participant with the vocal 

antecedent, “do this,” and performed a motor action while directly facing the student. A correct 

response was operationally defined as the participant emitting a response that matched the 

experimenter’s model within 3-seconds of the experimenter’s presentation. There was no 

consequence for the correct responses (e.g., praise or edibles). An example of a correct response 

occurred when the experimenter clapped her hands, and in turn, the participant matched that 

response by clapping his hands. An incorrect response was operationally defined as the 

participant emitting a motor action that did not match the experimenter’s model, or emitting no 

response at all. An example of an incorrect response occurred when the experimenter waved her 

hand and in turn the participant did not match that response, rather he tapped his head. If a 

participant did not respond to the instruction or emitted a response that did not match the 

experimenter’s, the experimenter moved on to the next instruction without delivering a 

correction procedure.  

To maintain the participants’ attention during probe conditions, experimenters 

interspersed known instructional control directives (e.g., “look at me” and “sit still”). These 

interspersed directives were followed by reinforcement and/or corrections to maintain participant 

responding.  
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For the imitative actions involving single-limbs (e.g., pointing to the forehead), the hand, 

arm, and leg use of the experimenter was not systematically specified (e.g., right verses left) and 

the experimenter may have used either her right or left limbs. In addition, data were not collected 

on the hand, arm, or leg use of the participants. For example, while sitting in front of the 

participant, if the experimenter used her left hand to point to her forehead, the participant was not 

required to use his left hand nor were data collected on whether the participant used his right or 

left hand (refer to the results of the Du (2011) study for further explanation).  

Table 5 

Imitative Actions Targeted During Pre- and Post-Intervention Probes in Experiment I 

 Imitative Actions Description 
1. Point to forehead Pointing to the forehead with an extended index finger 
2. Rub arm  Moving palm of hand in a up and down motion on top of arm 
3. Fly Moving extended arms (perpendicular) in an up and down 

motion  
4. Point to ear Pointing to the ear with an extended index finger 
5. Tap side of leg Tapping palm of hand in an up and down motion on side of 

leg 
6. Raise a single leg  From the sitting position, extending one leg forward in front 

of body 
7. Tap chin  Tapping palm of hand in an up and down motion on chin 
8. Tap back With a bent arm, tapping palm of hand in an up and down 

motion on back 
9.  Rub head Moving palm of hand in a back and forth motion on top of 

head 
10. Tap cheeks Tapping palm of hands in an up and down motion on top of 

cheeks 
11. Tap fingers on table Tapping fingers (from a single hand) in a strumming motion 

on top of a table 
12. Raise both legs From the sitting position, extending both legs foward in front 

of body 
13. Tap chest Tapping palm of hand in an up and down motion on chest 
14. Circle arms Moving extended arms (perpendicular) in a circular motion 
15. Rub legs Moving palm of hands in up and down motion on top of legs 
16. Tap top of hand Tapping palm of hand in an up and down motion on top of 

other hand 
17. Rub mouth Moving palm of hand in a side-to-side motion on top of 

mouth 
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 Imitative Actions Description 
18. Cover eyes Placing both hands over both eyes 
19. Open and shut hands Extending and retracting the fingers of both hands repeatedly  
20. Nod head Moving head in an up and down motion (chin to chest) 

 

Independent Variable and Response Definitions 

The independent variable was the mastery of sets of imitative motor responses using a 

mirror and learn unit presentations (Albers & Greer, 1991; Greer & McDonough, 1999; Ingham 

& Greer, 1992; Pereira Delgado, Speckman, & Greer, 2009).  

Prior to the experimenter presenting an antecedent, she ensured that the participant was 

attending to her through the mirror. To gain that attention, the experimenter pointed towards the 

mirror and/or said, “look here.” Once the experimenter had the participant’s attention, she began 

the learn unit that involved the experimenter presenting the vocal antecedent, “do this,” and 

performing the target motor action while the participant observed her through the mirror. If the 

participant’s attention to the mirror and/or the experimenter was lost at any time during the onset 

presentation of learn unit, the learn unit was discontinued and the experimenter regained the 

participant’s attention and re-presented the antecedent. Gradually the prompt to attend to the 

experimenter through the mirror was faded as the experiment progressed and was only used on 

an as needed basis.  

A correct response was operationally defined as the participant emitting a motor action 

that matched the experimenter’s model within 3-seconds. The action emitted by the participant 

had to be in exact point-to-point correspondence with the experimenter’s action to be marked as 

a correct response (e.g., action approximations were not accepted as correct responses). For 

example, if the experimenter raised her arms above her head and the participant only partially 

raised his arms, that response was recorded as incorrect). If the participant emitted a correct 
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response, the response was immediately followed by the delivery of preferred edibles or objects 

(e.g., pieces of cookie or bubbles) and/or social praise (e.g., “yeah,” “great job,” etc.). The type 

of potential reinforcers used was constantly assessed based on the level of participant 

responding. Social praise was delivered to consequate correct responses only when it was pre-

determined that social praise functioned as a reinforcer for the emission of correct responses with 

a particular participant (e.g., increased the future frequency of correct responding).  

An incorrect response was operationally defined as emitting a response that did not match 

the experimenter’s model, or if the participant did not respond within 3-seconds. If the 

participant emitted an incorrect response, the response was immediately followed by a correction 

procedure that involved the experimenter repeating the entire antecedent and physically 

prompting the participant to emit a correct response. Reinforcement (e.g., social praise/edibles) 

was not delivered following a correction procedure.  

Similar to the actions targeted during the pre- and post-intervention probes for the actions 

taught using the mirror, the hand, arm, and leg use of the experimenter was not systematically 

specified (e.g., right verses left) and the experimenter may have used either her right or left 

limbs. In addition, data were not collected on the hand, arm, or leg use of the participants. 

The imitative actions taught using the mirror were all actions that were not targeted 

during the pre- and post-intervention probes (see Tables 6, 7, and 8). However, for Participants 

A, C, and D, one or two of the actions that were in the participant’s repertoire prior to the onset 

of the study were targeted as part of the first intervention set using the mirror. An imitative 

action that was taught without the use of the mirror was targeted during the intervention to join 

the participant’s instructional imitative history with the instructional sessions using the mirror.  
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The imitative responses taught to the participants were presented in sets that consisted of 

2 or 4 distinct actions. These instructional sets were presented in sessions of 20-learn unit blocks; 

each action was rotated and presented equally during an intervention session. Once 20 learn units 

were presented, that session was terminated. Each instructional set was presented until the 

participant met the mastery criterion (90% accuracy across two consecutive sessions) (see Figure 

4). Once criterion was met for an instructional set, a post-intervention probe session was 

conducted for the emergence of GI. If the participant did not meet the GI probe criterion, a new 

instructional set of imitative responses was taught to criterion using the mirror.  

Table 6 

Imitative Actions Taught using a Mirror for Participants A and B 

Set  Imitative Actions Description 
1. Clap 

Wave  
 
Raise both arms 
Tap head 

Bringing palms of hands together repeatedly  
Extending and retracting hand (from the wrist) 
repeatedly 
Extending both arms vertically above head 
Tapping palm of hand in an up and down motion on top 
of head 

 

Table 7 

Imitative Actions Taught using a Mirror for Participant C 

Set  Imitative Actions Description 
1. Clap 

Blow kiss  
 
Wave  
Tap tummy 

Bringing palms of hands together repeatedly  
Touching and retracting palm of hand from mouth, while 
smacking lips 
Extending and retracting hand (from the wrist) repeatedly 
Tapping palm of hand in an up and down motion on top of 
stomach 

2. Wave 
Tap tummy 

Extending and retracting hand (from the wrist) repeatedly 
Tapping palm of hand in an up and down motion on top of 
stomach 

3.  Raise both arms  
Touch nose 

Extending both arms vertically above head 
Pointing to the nose with an extended index finger 

4. Roll arms  With bend arms, moving arms in a circular motion 
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Set  Imitative Actions Description 
Touch head  
Point to cheek  
Touch shoulders 

Placing both palms of hands on top of head 
Pointing to the cheek with an extended index finger 
Placing both hands on top of each shoulder 

5. Roll arms 
Touch shoulders 

With bend arms, moving arms in a circular motion 
Placing both hands on top of each shoulder 

6. Point to knees  
Point to eye 

Pointing to each knee with extended index fingers 
Pointing to the eye with an extended index finger 

7. Stomp feet  
Cover ears 

Raising feet above the ground repeatedly 
Placing both hands over both ears 

8. Touch chest 
Stand up 

Placing hand on top of chest 
From the sitting position, standing erect 

9. Cover mouth  
Put hands on hips 

Placing hand over mouth 
With bent arms, placing both hands on top of hips 

10. Raise one hand 
Put hands on hips 

Extending a single arm vertically above head 
With bent arms, placing both hands on top of hips 

 

Table 8 

Imitative Actions Taught using a Mirror for Participant D 

Set  Imitative Actions Description 
1. Clap  

Raise both arms 
Bringing palms of hands together repeatedly 
Extending both arms vertically above head 

2. Wave 
Tap tummy 

Extending and retracting hand (from the wrist) repeatedly 
Tapping palm of hand in an up and down motion on top of 
stomach 

 
Design 

A pre- and post-intervention non-concurrent multiple probe design across participants 

(Greer, Stolfi, Chavez-Brown & Rivera-Valdez, 2005; Greer, Stolfi & Pistoljevic, 2007; Horner 

& Baer, 1978; Pereira Delgado, Speckman, & Greer, 2009) was used to evaluate the 

effectiveness of teaching imitative actions using a mirror on the emergence of GI. A time-lagged 

design was employed to control for maturation and history. In this design, pre-intervention 

probes were conducted for Participant A, followed by the intervention and once Participant A 

began intervention, the pre-intervention probes were conducted for Participant B. This 

experimental sequence was conducted to ensure that the results were not attributed to any other 
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variable such as other learning tasks outside of the experimental setting. Once the intervention 

had proven to be effective for Participant A (e.g., higher correct responding during the post-

intervention probes as compared to pre-intervention probes), Participant B started the 

intervention. Subsequently, pre-intervention probes and intervention were conducted for 

Participants C and D following this design sequence.  

Sequence of Experimental Procedures. The sequence of the design is shown in Figure 

2. First, pre-intervention probes were conducted to test for the presence of GI. The 20 novel or 

untaught imitative responses presented during the pre-intervention probes are listed in Table 5. 

Second, once it was determined that the participant did not meet the criterion for GI, the first set 

of imitative responses taught using the mirror was implemented (Set 1). Third, once the 

participant met mastery criterion on Set 1 of the mirror intervention, post-intervention probes to 

test for the emergence of GI were conducted. Novel instructional sets using the mirror were 

introduced and implemented until the presence of GI was marked in each participant’s post-

intervention probes. 

 

Figure 2. The design sequence for Experiment I. 
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Data Collection  

A standard data collection form consisting of all 20 novel actions was used during the 

pre- and post-intervention probe sessions (see Table 5). Both the pre- and post-intervention 

probes consisted of the same actions, but each probe session presented the actions in a varied, 

unsystematic fashion across probe sessions and participants. Following each pre- and post-

intervention probe session, the experimenter graphed the number of correct novel imitative 

responses emitted by the participant on a 20-probe trial graph and drew a phase change line.  

In addition, a data collection form that featured the distinct targeted actions (up to 20 

learn units) was used during the intervention session (see Tables 6, 7, and 8). Every intervention 

session presented the targeted actions in a varied, unsystematic order. Following each 

intervention session, the experimenter graphed the number of correct imitative responses emitted 

by the participant on a 20-learn unit graph. 

Interobserver Agreement and Procedural Fidelity 

 A second observer, who was present at the time of the experiment, recorded responses 

independently in order to assess interobserver agreement. Interobserver agreement on participant 

responding was assessed while the second observer simultaneously and independently collected 

data on the participants’ responding. Point-by-point interobserver agreement was calculated by 

dividing the number of agreements by the total number of agreements and disagreements and 

multiplying by 100% (Cooper, Heron, & Heward, 2007). Furthermore, procedural fidelity was 

conducted to ensure that learn units were in place during the intervention and ensure that the 

experimenters presented probe-trials accurately during pre- and post-intervention probe sessions.  

To conduct procedural fidelity and to assess agreement for recording participant 

responding, the Teacher Performance Rate Accuracy (TPRA) (Ingham & Greer, 1992) measure 
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was used. The TPRA is a measurement tool that was developed by Ingham and Greer (1992) to 

measure teacher and student responding and to examine teacher efficiency. More specifically, 

TPRA observations measure the accuracy and rate of the teacher’s instruction as well as record 

data on the student’s responses to each instruction delivered. The TPRA observations for this 

experiment yielded 100% procedural fidelity. Mean and range of interobserver agreement 

conducted for each participant across experimental conditions is shown in Table 9.  

Table 9 

The Percentage of Sessions, Mean, and Range of Interobserver Agreement for Participants A, B, 

C, and D Across Experimental Conditions 

 Participant A Participant B Participant C Participant D 
 

Pre- and Post-Intervention Probe Sessions 
Percent of 
Sessions 

50% 100% 50% 100% 

Mean 
Agreement 

95% 100% 98% 100% 

Range of 
Agreement 

N/A N/A 95%-100% N/A 

Mirror Intervention Sessions 
Percent of 
Sessions 

80% 100% 17% 14% 

Mean 
Agreement 

99% 100% 100% 100% 

Range of 
Agreement 

95%-100% N/A N/A N/A 

 

Note. Interobserver agreement was conducted using the Teacher Performance Rate Accuracy 

(TPRA) (Ingham & Greer, 1992) as well as by a second observer independently and 

simultaneously collecting data on participant responding. 
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Results 

Participant A 

The results for Participant A’s pre-intervention probes are shown in Figure 3. During the 

pre-intervention probes, Participant A emitted 10 correct responses (50% accuracy) and therefore 

did not demonstrate the emission of untaught imitative responses at mastery criterion level. 

Participant A was taught a single instructional set of imitative responses using the mirror (see 

Table 6). He met mastery criterion for Set 1 after the fifth session. Following the mastery of Set 

1 (see Figure 4), the post-intervention probe for GI (see Figure 3) showed that Participant A 

demonstrated emission of untaught imitative responses at mastery criterion level, responding 

with 16 out of 20 correct responses (80% accuracy).   

Participant B 

The results for Participant B’s pre-intervention probes are shown in Figure 3. During the 

pre-intervention probes, Participant B emitted 9 correct responses (45% accuracy) and therefore 

did not demonstrate the emission of untaught imitative responses at mastery criterion level. 

Participant B was also taught a single instructional set of imitative responses using the mirror 

(see Table 6). He met mastery criterion for Set 1 after the sixth session. Following the mastery of 

Set 1 (see Figure 4), the post-intervention probe for GI (see Figure 3) showed that Participant B 

demonstrated emission of untaught imitative responses above mastery criterion level, responding 

with 17 out of 20 correct responses (85% accuracy). 

Participant C 

The results for Participant C’s pre-intervention probes are shown in Figure 3. During the 

pre-intervention probes, Participant C emitted 1 correct response (5% accuracy) and therefore 

did not demonstrate the emission of untaught imitative responses at mastery criterion level. Ten 
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instructional sets were implemented during intervention conditions for Participant C (see Table 

7). Participant C’s post-intervention probes showed a progressive increase in accuracy following 

instructional sets. Following the termination of instructional Set 10 (see Figure 4), the post-

intervention probe for GI (see Figure 3) showed that Participant C demonstrated emission of 

untaught imitative responses, responding with 16 out of 20 correct responses at mastery criterion 

level (80% accuracy). 

Participant D 

The results for Participant D’s pre-intervention probes are shown in Figure 3. During the 

pre-intervention probes, Participant D emitted 0 correct responses (0% accuracy) and therefore 

did not demonstrate emission of untaught imitative responses at mastery criterion level. 

Participant D was taught 2 instructional sets of imitative responses using the mirror (see Table 

8). Participant D’s post-intervention probes showed a progressive increase in accuracy following 

each instructional. Following the mastery of instructional Set 2 (see Figure 4), the post-

intervention probe for GI (see Figure 3) showed that Participant D demonstrated emission of 

untaught imitative responses above mastery criterion level, responding with 17 out of 20 correct 

responses (85% accuracy).
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Figure 3. The number of correct responses emitted by Participants A, B, C, and D during pre- 

and post-intervention probes for the presence of generalized imitation. 
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Figure 4. The number of correct responses to learn unit presentation during instructional sets 

using a mirror for Participants A, B, C, and D. 
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Discussion 

The purpose of Experiment I was to test the effects of instruction using a mirror to teach 

young preschool students diagnosed with developmental delays to imitate sets of adult actions on 

the emergence of untaught imitative actions. I sought to answer the following research question: 

Can teaching young developmentally delayed children to imitate using a mirror lead to the 

emergence of a generalized imitation capability?  

To determine the effects of the mirror intervention on the emergence of generalized 

imitation (GI) (e.g., untaught imitative actions), pre- and post-intervention analyses of untaught 

imitative actions were conducted. The results from this study showed that teaching imitation 

using a mirror was an effective and efficient intervention for inducing GI for all four participants. 

These results are consistent with the findings of the Pereira Delgado, Greer, and Speckman 

(2009) and Du (2011) studies in that a functional relationship was demonstrated between 

mastering motor actions using a mirror and the emergence of GI.  

During the pre-intervention probes for GI, Participants A and B yielded accuracy scores 

of 50% and 45%, respectively. However, after both Participants A and B mastered a single 

instructional set of motor actions taught using a mirror, their post-intervention probes for GI 

demonstrated emission of untaught imitative responses at mastery level criterion. Both 

participants acquired GI, a verbal developmental cusp that is now also thought to be verbal 

developmental capability (Greer & Speckman, 2009). Presumably, once Participants A and B 

acquired the generalized imitation capability they could have been taught new responses by 

simply demonstrating the response in the relevant antecedent and consequence settings (Greer & 

Speckman, 2009).  
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In comparison to the other participants, Participant C was exposed to more instructional 

sets using the mirror before he demonstrated the emission of untaught imitative responses 

to mastery criterion (e.g., 10 instructional sets compared to 1 or 2 sets for Participants 

A/B and D respectively). Furthermore, after an analysis of the intervention data (Greer, 

2001; Keohane & Greer, 2005), it was recognized that Participant C required additional 

instructional decisions and procedures.  

The first instructional decision was noted during Set 1 (see Table 7; Figure 4). At the 

point when Participant C’s correct rate of responding was low and variable, a decision was made 

to decrease the target set from 4 target responses to 2 target responses. Subsequently, after 

Participant C’s rate of responding was high and mastery criterion was met on 2 instructional sets 

that targeted 2 responses each, the next instructional set (Set 4) was increased from 2 target 

responses back to 4 target responses. However, a second decision was made to decrease the 

target set down to 2 targets during Set 4 at the point when Participant C’s correct rate of 

responding was again low and variable (see Table 7; Figure 4). Therefore, based on this 

instructional history, all ensuing instructional sets for Participant C remained at 2 responses.   

In addition, during instructional Sets 5, 7, 9, and 10, it was recognized that Participant C 

was continuously emitting an alternate but topographically similar response to some of the target 

actions and it was hypothesized that his low level of correct responding might have been due to 

his physical limitations and poor motor dexterity. Therefore, instructional decisions were made 

to terminate those instructional sets and replace them with new instructional sets. 

Nevertheless, as seen in the post-intervention probe data (see Figure 3), Participant C 

showed a progressive increase in accuracy following each mastered instructional set. It should be 
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noted that future studies should take the student’s individual learning rates and physical 

impairments into consideration when teaching imitative responses.  

Participant D also required an additional teaching procedure. At the point when 

Participant D’s correct rate of responding was low and variable, a decision was made to 

implement a simultaneous stimulus time-delay procedure (Schuster, Gast, & Wolery, 1988) (see 

Figure 4).  After Participant D met mastery criterion on instructional Set 1 with the simultaneous 

stimulus time-delay procedure, her post-intervention probe data showed a significant increase in 

accuracy as compared to her pre-intervention probe data (see Figure 3). Subsequently, 

Participant D emitted a high and steady rate of responding until she met mastery criterion on 

instructional Set 2.  

Possible Explanation of Results 

The effectiveness of imitative instruction using a mirror may be attributed to the fact that 

the mirror provided a means of enabling the participants to directly view the correspondence 

between their own behavior and the experimenter’s model. Emitting behaviors that have 

invisible endpoints from the responder’s point of view are more difficult to emit than those 

behaviors that do have visible endpoints (Melzoff & Moore, 1983). For this reason, the 

experimenters included both behaviors not visible by the imitator (tapping your head) as well as 

behaviors with that are visible to the imitator (clapping your hands) in the instructional imitation 

set. As a result of using the mirror, Participants A and B quickly acquired the ability to imitate 

tapping their heads. Pre-intervention probes demonstrated that Participants A and B had 

difficulty with emitting the behaviors that had endpoints that were not visible to the participants 

(e.g., pointing to their foreheads and rubbing their heads). However, after meeting criterion on 



80 

 

their first mirror intervention set, post-intervention probes demonstrated that both participants 

correctly imitated those behaviors that had non-visible endpoints. 

Nevertheless, results from this experiment demonstrated that the mirror intervention 

functioned to induce the generalized imitation capability; however, there were some variables 

that were not controlled for, which may have affected the outcome of the study.  

Limitations   

 Prior to the onset of Experiment I, the participants’ developmental records were not 

reviewed and analyzed to mark any physical impairments or limitations. As noted during 

Participant C’s intervention conditions, Participant C had difficulty with emitting 

topographically identical responses to some of the targeted imitative responses (e.g., rolling arms 

and putting his hands on his hips). Failing to prescreen participants prior to the onset of the study 

may have affected the outcome of the study.  

 Another limitation regarding the participant selection process of Experiment I may be its 

lack of selecting a homogenous pool of participants. The lack of homogeneity in the pool of 

participants can be detected in Tables 2 and 3. At the onset of the study the participants presented 

with various levels of verbal behavior and repertoires. The participants’ diverse levels of verbal 

behavior and repertoires may be correlated with their learning rates during the intervention and 

accuracy during pre- and post-intervention probe sessions. In comparison to Participant C’s and 

D’s rate of acquisition, both Participant A’s and B’s rate of acquisition of the generalized 

imitation capability and instructional sets during intervention were much faster (e.g., lower levels 

of learn units to criterion).   

A limitation to the dependent variable may be the possibility that the participants may 

have inadvertently learned through the frequently repeated probe measures. Extending the 
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latency between probe measures by lengthening intervention exposure between post-intervention 

probe conditions may help to evade unintended learning during probe measures.  

A second limitation to the dependent variable may be a lack of extensive measurements 

to assess the presence of the generalized imitation capability. The dependent measure of 

Experiment I measured a single component of what is defined as generalized imitation. The 

imitative responses targeted during the pre- and post-intervention probe condition primarily 

targeted gross motor imitative responses. However, generalized imitation encompasses a broad 

spectrum of imitative responses (e.g., multiple-step imitation, fine motor imitation, oral motor 

imitation, object imitation, transcription, etc.). The dependent variable also lacked stringent 

responses that have been previously examined under experimental conditions (see Du, 2011; 

Erjavec & Horne, 2008; Horne & Erjavec, 2007).  

A procedural limitation to Experiment I is that there was a low percentage of mirror 

intervention sessions in which IOA was collected for Participants C and D (17% and 14% 

respectively).  In behavioral research, it is recommended that IOA be obtained for a minimum of 

20% of a study’s sessions (Cooper, Heron, & Heward, 2007). A slightly higher percentage of 

intervention session in which IOA was collected for Participants C and D would increase 

confidence that: 1) “the definition of the target behaviors was unambiguous and the measurement 

system was not too difficult and 2) variability in the data is not a function of which observer(s) 

happened to be on duty of any given session” (Cooper, et al. 2007, p. 113).  

A limitation in the experimental design of Experiment I was that a single pre-intervention 

probe condition was only implemented prior to the onset of the intervention for each participant. 

Conducting concurrent pre-intervention probes prior to the onset of the experiment for each 

participant in addition to also conducting pre-intervention probes prior to the onset of the 
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intervention for each participant may demonstrate a more convincing experimental effect. 

Moreover, a more stringent experimental design involving multiple pre-intervention probe 

conditions across participants may strengthen the results.   

In summary, changes to the participant screening and selection process, dependent 

variable measures, independent variable procedures, and design for Experiment II will attempt to 

eliminate the variables discussed as limitations in Experiment I to further investigate the effects 

of teaching imitative actions using a mirror on the emergence of GI.  

Rationale for Experiment II 

 The results of Experiment I showed that teaching imitation using a mirror was an 

effective and efficient intervention for inducing GI for all four participants. After acknowledging 

the results of the Pereira Delgado, et al. (2009) study, Experiment I was the second study in 

which a functional relation was demonstrated between mastering motor actions using a mirror 

and the emergence of GI. However, as noted in the previous discussion, after analyzing the 

methods and results of Experiment I, limitations may have affected study interpretations.  

Therefore, given the possible limitations of Experiment I, one rationale for extending 

Experiment I was to test whether or not a more stringent experimental method and design with a 

different set of participants would also yield results that showed that teaching imitation using a 

mirror was an effective and efficient intervention for inducing GI. The methodological 

limitations of Experiment I were addressed in Experiment II. Specifically, the design of 

Experiment I was improved in Experiment II by: 1) implementing a participant prescreening 

process to mark any physical impairments or limitations that would hinder the development of 

motor imitation skills, 2) implementing a participant selection process that would analyze 

participant levels of verbal behavior and repertoires to form a homogeneous pool of participants, 
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3) extending the latency between probe measures by lengthening intervention conditions and 

requiring that participants meet mastery criterion on two instructional sets prior to conducting 

post-intervention probes, 4) examining motor imitative responses across topographies that have 

been previously examined under experimental conditions, 5) ensuring that above adequate 

quantities of IOA measures are conducted across all experimental conditions and participants, 

and 6) implementing two pre-intervention probes (one at the onset of the experiment and one 

prior to the onset of initial intervention conditions) to strengthen the effects of the mirror 

intervention.  

However, the chief rationale for extending Experiment I was to systematically test the 

effects of the presence and absence of the generalized imitation capability on young children’s 

rate of learning new skills. As highlighted in the literature review, the importance of duplicative 

responses is commonly emphasized because it is theorized that duplicative repertoires accelerate 

independent learning, enable children to access educational opportunities both in the classroom 

and in the home, and perhaps enable children to learn in new ways (Greer & Speckman, 2009; 

Miller & Dollard, 1945). However, research that tests these theories is extremely limited. 

Specifically, research that systematically tests whether the presence of the GI capability is 

critical to accelerate learning when imitative opportunities are presented has yet to be examined. 

Experiment II sought to conduct a functional analysis of the effects of the generalized imitation 

capability on the acquisition of dressing skills when a how-to demonstration is presented prior to 

the opportunity to self-dress. To conduct this functional analysis the sequence of experimental 

procedures in Experiment II was as follows: 1) acquisition measurement of a novel dressing skill 

involving the presentation of a how-to demonstration pre-GI acquisition across multiple bodily 

topographies, 2) the induction of GI across the missing bodily topographies, and 3) acquisition 
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measurement of a novel dressing skill involving the presentation of a how-to demonstration post-

GI acquisition across multiple bodily topographies.  

In addition, Experiment II sought to conduct a functional analysis of the effects of the GI 

capability across bodily topographies on participant responding during additional duplicative 

tasks that also involve the presentation of how-to demonstrations. The duplicative tasks of block 

structure duplication and transcription were examined. Experimental procedures to examine the 

effects were imbedded into the design in conjunction to the aforementioned design sequence (see 

Figure 6).   

Research Questions for Experiment II 

My research questions for Experiment II were as follows: 1) Can teaching young 

developmentally delayed children to imitate using a mirror lead to the emergence of more 

stringent responses of generalized imitation across topographical boundaries? and 2) What are 

the effects of the absence and presence of advanced GI on the rate of participant learning and 

responding after an adult provides a how-to demonstration? 
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Chapter III 

EXPERIMENT II 

Method 

Participants 

 A new set of preschoolers served as participants in Experiment II. Four preschoolers, 3 

male and 1 female, diagnosed as being a preschool student with a disability participated.  At the 

onset of Experiment II, their ages ranged from 4-years and 2-months-old to 4-years and 10-

months-old. In comparison to Experiment I, the participants in Experiment II were older and they 

had more cusps and curricular objectives in their repertoires. All participants in Experiment II 

were selected from a pool of their preschool peers from the same school as Experiment I, which 

was described in the general method section. Tables 10, 11, and 12 feature detailed descriptions 

of the participants and their repertoire of skills at the onset of Experiment II. 

The participant selection process of Experiment II differed from that of Experiment I in 

that participants were prescreened to mark any physical limitations that they may have had. This 

prescreening process involved a motor examination administered by a licensed occupational 

therapist to all potential participants prior to the onset of the experiment. The occupational 

therapist conducted the Peabody Developmental Motor Scales—2 (PDMS2) (Folio, R.M., & 

Fewell, R.R., 2000). The PDMS2 is a standardized assessment and assesses both qualitative and 

quantitative aspects of gross and fine motor development in young children. The participants’ 

standard scores on the PDMS2 are featured in Table 10. To qualify for participation in this study, 

the students had to have received a standard combined visual-motor and grasping score of 11 or 

higher, which signified that the students’ motor skills were considered to be below average, but 

not poor.  
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Once a pool of possible participants qualified for the study based on the results of the 

motor examination, the pool was analyzed to assess the students’ instructional history in an effort 

to select a homogenous pool of participants. This assessment involved a review of the following: 

1) their C-PIRK objectives, 2) their Verbal Behavior Developmental cusps and capabilities, 3) 

their mastered repertories, and 4) their learning rates (e.g., learn units to criterion). Subsequently, 

once a homogenous pool of potential participants was examined, a pre-intervention imitation 

probe to test for the presence of GI was administered to all of the potential participants.  

Therefore, the students were selected to participate in Experiment II because prior to the 

onset of the study they: 1) did not present with extensive physical imitations, 2) shared common 

characteristics with the pool of selected participants, and 3) did not demonstrate GI in pre-

intervention imitation probes.  
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Table 10 

Description of the Participants at the Onset of Experiment II 

 Participant E Participant F Participant G Participant H 
Gender/ 

Chronological Age 
Male/  

4-yrs, 3-m 
Male/  

4-yrs, 10-m 
Female/  

4-yrs, 6-m 
Male/  

4-yrs, 2-m 
Diagnosis Preschool Student with a Disability 

Standardized 
Assessment 

Peabody Developmental Motor Scales-2 

Standard Combined 
Visual-Motor & 
Grasping Score 

14 20 12 14 

Examples of 
Mastered Curricular 

Objectives Across 
Participants 

Generalized matching 
Visual tracking 

Makes eye contact with an adult 
Following 1- & 2-step directions 

Independent tacts 
Independent mands 

Examples of 
Targeted Curricular 

Objectives Across 
Participants 

Choral responding 
Reading phonetically 

Worksheet skills 
Personalized System of Instruction (PSI) skills 

Presence of Verbal Developmental Cusps 
Instructional Control Yes Yes Yes Yes 

Conditioned 
Reinforcement for 

Adult Voices 

Yes Yes Yes Yes 

Conditioned 
Reinforcement for 

Adult Faces 

Yes Yes Yes Yes 

3D & 2D Matching Yes Yes Yes Yes 
Listener Literacy Yes Yes Yes Yes 
Echoic-to-mand Yes Yes Yes Yes 

Echoic-to-tact Yes Yes Yes Yes 
 

Note. Standardized testing was conducted prior to the onset of the study by independent 

examiners. Standardized testing consisted of the Peabody Developmental Motor Scales—2 

(PDMS2) (Folio, R.M., & Fewell, R.R., 2000). The PDMS2 assesses both qualitative and 

quantitative aspects of gross and fine motor development in young children. Standard individual 

scores on the PDMS2 that range between a score of 1-3 signify very poor; 4-5 = poor motor 
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skills; 6-7 = below average; 8-12 = average; 13-14 = above average. The presence of verbal 

developmental cusps was determined by the Verbal Behavior Development Assessment (VBD) 

(Greer, 2004). 

Table 11 

Description of the Participants’ C-PIRK Repertoires at the Onset of Experiment II 

Percentage of Mastered Cumulative 
C-PIRK Objectives: 

Participant 
E 

Participant 
F 

Participant 
G 

Participant 
H 

Across All Repertoires 21% 36% 24% 21% 
In the Academic Equivalence 

Repertoire 
11% 36% 13% 15% 

In the Communication Repertoire 7% 29% 27% 15% 
In the Community of Reinforcers 

Repertoire 
6% 63% 31% 38% 

In the School Sufficiency Repertoire 50% 33% 57% 50% 
In the Social Repertoire 11% 30% 26% 7% 

In the Small Muscle Repertoire 7% 29% 29% 19% 
In the Large Muscle Repertoire 54% 43% 29% 31% 

 

Note. The CABAS® International Curriculum and Inventory of Repertoires for Children from 

Pre-School through Kindergarten (C-PIRK) (Greer & McCorkle, 2009; Waddington & Reed, 

2009) is a criterion-referenced assessment of student curricular objectives. The C-PIRK assesses 

repertoires across the domains of academic literacy, communication, community of reinforcers, 

self-management, and physical development. Dividing the total number of mastered objectives 

by the total number of C-PIRK objectives and multiplying by 100% calculated the percentage of 

mastered cumulative C-PIRK objectives. 
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Table 12 

Presence of the Targeted C-PIRK/Study Repertoires Prior to the Onset of Experiment II Across 

Participants 

 Participant E Participant F Participant G Participant H 
Independent Dressing Skills Not in 

Repertoire 
Not in 

Repertoire  
Not in 

Repertoire 
Not in 

Repertoire 
Basic Novel Single Gesture 
Imitative Responses (e.g., 

clapping hands & stomping 
feet) 

In Repertoire 
 
 

In Repertoire 
 

In Repertoire 
 

In Repertoire 
 

Block Imitation Not in 
Repertoire 

In Repertoire Not in 
Repertoire 

In Repertoire 
 

Uppercase Letter 
Transcription 

Not in 
Repertoire 

Not in 
Repertoire 

Not in 
Repertoire 

Not in 
Repertoire 

 

Note. The CABAS® International Curriculum and Inventory of Repertoires for Children from 

Pre-School through Kindergarten (C-PIRK) (Greer & McCorkle, 2009; Waddington & Reed, 

2009) is a criterion-referenced assessment of student curricular objectives. The C-PIRK assesses 

repertoires across the domains of academic literacy, communication, community of reinforcers, 

self-management, and physical development. 

Setting and Materials 

 The setting took place in a different preschool classroom from the first experiment. The 

classroom setting in Experiment II was furnished with 3 rectangular tables (122 cm x 62 cm x 55 

cm) for small group and individual work. There were 7 child-sized chairs (34 cm in height) and 2 

adult-sized chairs (51 cm in height) in the classroom. The classroom also had a free-play area 

(182 cm x 182 cm) with various toys, and a teacher’s desk (144 cm x 61 cm x 74 cm) with a 

computer. There was one large bank of wooden shelving along the northern wall to house 

supplies and materials. Wall hangings were minimal, mostly consisting of classroom resources, 

examples of students’ schoolwork, and graphs representing the students’ academic progress.  
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In Experiment II, all sessions of the pre- and post-intervention sessions as well as the 

intervention were conducted in a corner of the classroom that was physically sectioned off from 

the rest of the classroom. Participants could hear, but could not see what was going on in the 

classroom. A small rectangular table (91 cm x 75 cm x 56 cm) with two child-sized chairs was 

set up in the experimental corner.  

Depending on the GI topography being tested, during the pre- and post-intervention 

imitation probe sessions the experimenter sat either directly facing the participant (approximately 

50 cm away from the participant) or next to the participant (side-by-side) in the experimental 

corner. During the intervention, the experimenter sat behind the participant while the participant 

sat directly in front of the mirror such that the participant could see himself as well as the 

experimenter in the mirror. The experimenter sat directly behind the participant at an angle 

(slightly off to the right or left side as determined by the experimenter) so that the participant 

could exclusively observe the experimenter’s actions through the mirror.  

Unlike the setting of Experiment I, the location of the mirror intervention sessions in 

Experiment II, did not rotate in the classroom. Rather, the framed shatter-resistant mirror (34.29 

cm wide and 127 cm tall) was stationed against the wall in the experimental corner. The mirror 

was removed when not in use and it was only displayed during intervention sessions with the 

participants. A picture of the mirror intervention location is shown in Figure 5. 
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Figure 5. A picture of the mirror intervention location in Experiment II. 

 The materials used in Experiment II were the same as those used in Experiment I with the 

exception of materials used during the additional dependent measures. The materials used during 

the additional dependent measures included the following: 1) plain, various-shaped wooden 

blocks used during the block imitation probes, 2) blank, white sheets of paper and pencils used 

during the transcription probes, and 3) adult- and child-sized Velcro shoes, zippered jackets, 

pants with elastic waistbands, and t-shirts used during the dressing skills instruction. 

Dependent Variables and Response Definitions  

There were two categories of dependent variables in Experiment II. The primary 

dependent variable was the rate at which participants acquired novel dressing skills during 

instructional sessions that involved an antecedent how-to demonstration and the opportunity to 

self-dress. Novel dressing skills were taught before and after the participants acquired all 

advanced forms of GI at mastery level. Vocal praise and corrective model prompts were 

provided to consequate participant responding.  
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The second dependent variable was participant responding during block structure 

duplication and transcription tasks that were tested before and after the participants acquired all 

advanced forms of GI at mastery level. The duplicative response classes were presented during 

blocked probe sessions and no feedback or consequations (e.g., reinforcement or corrections) 

were provided. To maintain the participants’ attention during probe conditions the experimenter 

interspersed known instructional control directives (e.g., “look at me” and “sit still”). These 

interspersed directives were followed by reinforcement and/or corrections to maintain participant 

responding. The following is a detailed description of each dependent variable.  

Primary dependent variable: Dressing skills. The dependent variable that measured the 

acquisition rate of dressing skills were the numbers of instructional sessions completed before 

each participant met mastery criterion on a novel dressing skill. The experimenter measured the 

number of instructional sessions required for each participant to achieve mastery criterion on a 

novel dressing skill by obtaining a measurement of instructional sessions-to-criterion prior to and 

following the acquisition of the GI capability across bodily topographies. The experimenter 

compared the participants’ pre-GI acquisition rate with their post-GI acquisition rate as a 

measure to compare learning behavior prior to the induction of GI and following the emergence 

of GI across multiple bodily topographies.   

The dressing skills instruction consisted of: 1) the experimenter first demonstrating how 

to perform the dressing skill, 2) the participant observing the experimenter, and 3) the participant 

attempting to perform the dressing skill. The experimenter presented the participant with the 

vocal antecedent, “watch how I take-off/put on my (clothing article),” and proceeded to perform 

the entire chain of steps to complete the dressing skill. To demonstrate the dressing skills with 

pants and t-shirts, the experimenter wore over-sized pants and t-shirts over her clothes. To 
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demonstrate the skills with shoes and jackets, the experimenter wore shoes and jackets that were 

similar to the participants’ shoes and jackets (e.g., the shoes had Velcro fasteners and the jackets 

had zippers).  

After the experimenter demonstrated the dressing skill, she presented the participant with 

the vocal antecedent, “now you take-off/put on your (article of clothing),” and provided 

reinforcement/corrections for each step in the chain of behaviors required to complete the 

dressing skill. Tables 13 through 16 are task analyses for each dressing skill. 

Table 13 

Task Analysis for Taking off and Putting on Jacket 

Steps 
Taking Jacket Off 

1. With 1 hand, child grips zipper 
2. Child pulls zipper down  
3. Child opens jacket 
4. Child removes left arm from sleeve 
5. Child remove right arm from sleeve 

Putting Jacket On 
6. Child slips right arm into sleeve 
7. Child slips left arm into sleeve 
8. Child grips one side of jacket at the bottom with one hand 
9. Child grips zipper with alternate hand 
10. Child brings jacket sides together 
11. Child connects zipper together at the bottom 
12. Child pulls up zipper with one hand 

 

Note. The directive antecedent for taking the jackets off and putting them on were, “take off your 

jacket” and “put your jacket on.” Participants took their jackets off and put them on from a 

standing position.  
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Table 14 

Task Analysis for Taking off and Putting on Pants 

Steps 
Taking Pants Off 

1. Child grips waistband with both hands 
2. Child pulls pants down to ankle 
3. Child removes left leg from pants 
4. Child removes right leg from pants 

Putting Pants On 
5 Child grips pants at waistband with both hands 
6. Child slips left leg into pants 
7. Child slips right leg into pants 
8. Child stands up 
9. Child pulls pants up to waist line 

 

Note. The directive antecedent for taking the pants off and putting them on were, “take off your 

pants” and “put your pants on.” Participants took their pants off and put them on from a sitting 

position.  

Table 15 

Task Analysis for Taking off and Putting on T-shirt 

Steps 
Taking T-shirt Off 

1. Child grips bottom of t-shirt with both hands 
2. Child pulls t-shirt up 
3. Child removes left arm from t-shirt 
4. Child removes right arm from t-shirt 
5.  Child removes head from t-shirt 

Putting T-shirt On 
6. Child grips t-shirt at the bottom with both hands 
7. Child slips head into head opening 
8. Child slips right arm into arm hole 
9. Child slips left arm into arm hole 
10. Child pulls t-shirt down 

 



95 

 

Note. The directive antecedent for taking the t-shirt off and putting it on were, “take off your 

shirt” and “put your shirt on.” Participants took their t-shirt off and put it on from a sitting 

position.  

Table 16 

Task Analysis for Taking off and Putting on Shoes 

 

 
 

 

 

 

 

 

 

 

 

 

 

Note. The directive antecedent for taking the shoes off and putting them on were, “take off your 

shoes” and “put your shoes on.” Participants took their shoes off and put them on from a sitting 

position.  

Data were collected on each step involved in completing the dressing skill. Data were 

also collected on whether or not the participant imitated or emulated the experimenter’s model 

demonstration. An imitated response was operationally defined as the participant completing the 

Steps 
Taking Shoes Off 

1. Child opens Velcro straps  
2. Child pulls left foot out of shoe 
3. Child opens Velcro straps  
4. Child pulls right foot out of shoe 

Putting Shoes On 
5. Child opens Velcro straps on the left shoe 
6. Child pulls out tongue on shoe 
7. Child grips back of shoe with 1 hand 
8. Child grips tongue with alternate hand 
9. Child slips left foot into shoe 
10. Child places thumb in back of shoe 
11. Child pushes down heel into back of shoe 
12. Child fastens Velcro straps of right shoe 
13. Child opens Velcro straps on the right shoe 
14. Child pulls out tongue on shoe 
15. Child grips back of shoe with 1 hand 
16. Child grips tongue with alternate hand 
17. Child slips right foot into shoe 
18. Child places thumb in back of shoe 
19. Child pushes down heel into back of shoe 
20. Child fastens Velcro straps of right shoe 



96 

 

dressing skill following the same chained-steps as the experimenter preformed her dressing skill. 

For example, if the experimenter removed her shirt by first removing her arms from the sleeves 

and then removing her head from the head opening, the participant also removed his shirt by first 

removing his arms from the sleeves and then removing his head from the head opening. An 

emulated response was operationally defined as the participant not following the same chained-

steps as the experimenter preformed her dressing skill. For example, if the experimenter put on 

her shirt by first inserting her arms in the sleeves and then inserting her head into the head 

opening, the participant put on his shirt by first inserting his head into the head opening and then 

inserting his arms into the sleeves.  

Correction procedures that were implemented when the participants made errors involved 

model prompts that required the participants to imitate the experimenter’s actions. For example, 

the experimenter modeled how to put her hand in the sleeve of the shirt when the participant put 

his hand through the head opening. The total number of chained-steps it took to complete a 

dressing skill varied across dressing skills. The targeted dressing skills were counterbalanced 

across participants. The mastery criterion for each dressing skill was determined to be 100% 

accuracy across 1 session. Table 17 features information detailing the dressing skills targeted for 

each participant.  
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Table 17 

Dressing Skills Targeted during Learning Tasks Before and After the Acquisition of GI for 

Participants E, F, G, and H  

 Participant E 
 

Participant F Participant G Participant H 

Learning Task Before the Acquisition of Generalized Imitation 
Dressing 

Skill 
 

 

Taking off and 
putting on jacket 

(jacket with 
zipper) 

Taking off and 
putting on shoes 

(shoes with 
Velcro) 

Taking off and 
putting on t-shirt 

Taking off and 
putting on shoes 

(shoes with 
Velcro) 

Learning Task After the Acquisition of Generalized Imitation 
Dressing 

Skill 
 

 

Taking off and 
putting on shoes 

(shoes with 
Velcro) 

Taking off and 
putting on 

jacket (jacket 
with zipper) 

Taking off and 
putting on pants 

(pants with 
elastic 

waistband) 

Taking off and 
putting on jacket 

(jacket with 
zipper) 

 

Second dependent variables: Participant responding during other duplicative tasks. 

A functional analysis was conducted to test the effects of the GI capability across bodily 

topographies on participant responding during additional duplicative tasks. The duplicative tasks 

of block structure duplication and transcription were examined. These tasks also involved the 

presentation of antecedent how-to demonstrations and the opportunity to perform the tasks.  

Duplication repertoire 1: Duplicating block structures. The dependent variable that 

targeted block structure duplication responses were the numbers of untaught correct block 

structure duplication responses emitted during pre-intervention and post-intervention probes. 

These block structure duplication responses involved 10 different block structures and are 

featured in Table 18. These block structure duplication responses were derived from the C-PIRK 

(CABAS® International Curriculum and Inventory of Repertoires for Children from Pre-School 

through Kindergarten) (Greer & McCorkle, 2009; Waddington & Reed, 2009) objective of 

duplicating novel structures after watching the experimenter construct the structure.  
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During the pre- and post-intervention probe sessions, participants were presented with a 

single opportunity to respond to each of the 10 novel or untaught block imitation responses. No 

feedback or consequations (e.g., reinforcement or corrections) were provided. The mastery 

criterion for the block imitation responses was determined to be 90% accuracy (9 out of 10 

correct responses).  

During the pre- and post-intervention probe sessions, the experimenter presented the 

participant with the vocal antecedent, “build this,” and built a structure while sitting next to the 

student (side-by-side) and while the student was observing the structure being built. A correct 

response was operationally defined as the participant building a structure that matched the 

experimenter’s structure within 10-seconds of the experimenter’s presentation. There was no 

consequence for the correct responses (e.g., praise or edibles). An example of a correct response 

occurred when the experimenter built a 5-block structure, and in turn, the participant matched 

that response by building the exact structure using the same-shaped blocks used by the 

experimenter. An incorrect response was operationally defined as the participant building a 

structure that did not match the experimenter’s model, or emitting no response at all. If a 

participant did not respond to the instruction or built a structure that did not match the 

experimenter’s, the experimenter moved on to the next instruction without delivering a 

correction procedure. An example of an incorrect response occurred when the experimenter built 

a 5-block structure and in turn the participant did not match that response, rather build a 4-block 

structure.  

Data were collected on whether or not the participant’s structure matched the 

experimenter’s structure. Data were also collected on whether or not the participant imitated or 

emulated the experimenter’s model. An imitated response was operationally defined as the 
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participant building a structure following the same chained-steps as the experimenter built her 

structure. For example, if the experimenter built her structure starting from the bottom block and 

working up to the top block, the participant also built his structure starting from the bottom block 

and working up to the top block. An emulated response was operationally defined as the 

participant building a structure that did not follow the same chained-steps as the experimenter 

built her structure. For example, if the experimenter built her structure starting from the bottom 

block and working up to the top block, the participant built his structure starting from the top 

block and working down to the bottom block.  

Table 18 

Block Structures Targeted During Pre- and Post-Intervention Probes 

Targeted Block Structures  
1. 3-block structure-1 

 
 

6. 4-block structure-3 

 
 

2. 3-block structure-2 

 
 

7. 5-block structure-1 

 
 

3. 3-block structure-3 

 
 

8. 5-block structure-2 

 
 

4. 4-block structure-1 

 
 

9. 5-block structure-3 

 
 

5. 4-block structure-2 

 
 

10. 5-block structure-4 
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Duplication repertoire 2: Transcription. The dependent variable that targeted 

transcription was the number of untaught correct transcription responses emitted during pre-

intervention and post-intervention probes. These transcription responses involved transcribing all 

26 uppercase letters of the alphabet. These transcription responses were derived from the C-

PIRK (CABAS® International Curriculum and Inventory of Repertoires for Children from Pre-

School through Kindergarten) (Greer & McCorkle, 2009; Waddington & Reed, 2009) objective 

of transcribing (copying) letters. During the probe sessions, participants were presented with a 

single opportunity to respond to each of the 26 novel or untaught transcription responses. No 

feedback or consequations (e.g., reinforcement or corrections) were provided. The mastery 

criterion for the transcription responses was determined to be 92% accuracy (24 out of 26 correct 

responses).  

During the probe sessions, the experimenter presented the participant with the vocal 

antecedent, “write this,” and wrote an uppercase letter on a blank, white piece of paper while 

sitting next to the participant (side-by-side). A correct response was operationally defined as the 

participant writing a letter that matched the experimenter’s model within 3-seconds of the 

experimenter’s presentation. There was no consequence for the correct responses (e.g., praise or 

edibles). An example of a correct response occurred when the experimenter wrote a capital letter 

‘A,’ and in turn, the participant matched that response by writing a capital letter ‘A.’ An 

incorrect response was operationally defined as the participant writing a letter that did not match 

the experimenter’s model, or emitting no response at all. If a participant did not respond to the 

instruction or emitted a response that did not match the experimenter’s, the experimenter moved 

on to the next instruction without delivering a correction procedure. An example of an incorrect 
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response occurred when the experimenter wrote a capital letter ‘B’ and, in turn, the participant 

did not match that response, rather wrote a capital letter ‘P.’  

Data were collected on whether or not the participant’s written letter matched the 

experimenter’s written letter. Data were also collected on whether or not the participant imitated 

or emulated the experimenter’s model. An imitated response was operationally defined as the 

participant writing a letter following the same chained steps as the experimenter wrote her letter. 

For example, if the experimenter wrote the capital letter ‘T’ starting from the top of the vertical 

line moving down to the bottom and then crossed the ‘T’ starting from the left moving to the 

right, the participant also wrote the capital letter ‘T’ starting from the top of the vertical line 

moving down to the bottom and then crossed the ‘T’ starting from the left moving to the right.  

An emulated response was operationally defined as the participant writing a letter that did 

not follow the same chained-steps as the experimenter wrote her letter. For example, if the 

experimenter wrote the capital letter ‘O’ starting from the top and moving in a clockwise circular 

motion, the participant wrote his capital letter ‘O’ starting from the bottom and moving in a 

counterclockwise circular motion.  

Independent Variable and Response Definitions 

The presence of advanced mastery level GI using mirror imitation instruction 

across bodily actions. The independent variable was the presence of advanced forms of 

generalized imitation across 4 different imitative topographical boundaries: 1) gross motor 

imitation, 2) fine motor imitation, 3) oral motor imitation, 4) multiple-step motor imitation. 

Experimental probes were conducted prior to the onset of the experiment (pre-experimental 

probes) as well as prior to and following intervention (pre- and post-intervention probes). During 

the intervention to induce advanced forms of generalized imitation, the experimenter 
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implemented imitation instruction across bodily actions using a mirror. Below is a detailed 

description of the measures conducted to test for the presence of advanced GI across bodily 

actions (the independent variable) as well as the procedure used to induce advanced forms of GI 

when the repertoires were missing.  

Probe measure 1: Gross motor imitation. The independent variable that measured gross 

motor imitative responses was the number of untaught correct gross motor imitative responses 

emitted during pre- and post-intervention probes. These gross motor imitative responses involved 

10 different responses and are listed in Table 19. These gross motor imitative responses were 

derived from the Erjavec and Horne (2008) and Horne and Erjavec (2007) studies, which were 

also targeted in the Du (2011) study. The targeted gross motor responses featured both 

unimanual and bimanual arm movements as well as both ipsilateral and contralateral arm 

movements. During the pre-experimental and pre/post-intervention probe sessions, participants 

were presented with two opportunities to respond to each of the 10 novel or untaught gross motor 

imitative responses. The mastery criterion for the gross motor imitative responses was 

determined to be 90% accuracy (18 out of 20 correct responses).  

During the pre-experimental and pre/post-intervention probe sessions, the experimenter 

presented the participant with the vocal antecedent, “do this,” and performed a motor action 

while directly facing the student. Participant responding was coded as being one of the following 

responses: 1) a mirrored/correct response, 2) a non-mirrored/correct response, 3) a two-

handed/correct response, 4) a non-related/incorrect response, or 5) a no response/incorrect 

response.  

A mirrored correct response was operationally defined as the participant emitting a 

response that matched the experimenter’s model within 3-seconds of the experimenter’s 
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presentation that used the opposite hand as that used by the experimenter (e.g., when the 

experimenter touched her right ear with her right hand, the participant touched his left ear with 

his left hand). A non-mirrored/correct response was operationally defined as the participant 

emitting a response that matched the experimenter’s model within 3-seconds of the 

experimenter’s presentation that used the same hand as that used by the experimenter (e.g., when 

the experimenter touched her right shoulder with her right hand, the participant touched his right 

shoulder with his right hand). A two-handed/correct response was operationally defined as the 

participant emitting a response that matched the experimenter’s model within 3 sec of the 

experimenter’s presentation that used both hands (e.g., when the experimenter touched her 

shoulders with both hands, the participant touched his shoulders with both hands). There was no 

consequence for the correct responses (e.g., praise or edibles). 

A non-related/incorrect response was operationally defined as the participant emitting a 

response that did not match the experimenter’s model (e.g., when the experimenter touched her 

ankle, the participant touched his knee). A no-response/incorrect response was operationally 

defined as the participant not emitting a response within 3-seconds of the experimenter’s 

presentation (e.g., sitting still). If a participant did not respond to the instruction or emitted a 

response that did not match the experimenter’s, the experimenter moved on to the next 

instruction without delivering a correction procedure. 
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Table 19 

Gross Motor Imitative Actions Targeted During Pre- and Post-Intervention Probes in 

Experiment II 

Unimanual & Contralateral Arm Movements 
1. Right hand cross to 

shoulder 

 
 

2. Left hand cross to 
shoulder  

 
 

Unimanual & Ipsilateral Arm Movements 
3. Right hand same ear 

 
 

4. Left hand same ear 

 
 

Bimanual & Contralateral Arm Movements 
5. Both hands cross ears 

 
 

6. Both hands cross 
shoulders 

 
 

Bimanual & Ipsilateral Arm Movements 
7. Both hands same ears 

 
 

8. Both hands same 
shoulders 

 
 

Bimanual Arm Movements 
9. Arms crossed in front 

 
 

10. Palms up bowl 

 
 

 

Probe measure 2: Fine motor imitation. The independent variable that targeted fine 

motor imitative responses were the numbers of untaught correct fine motor imitative responses 

emitted during pre-intervention and post-intervention probes. These fine motor imitative 

responses involved 10 different responses and are listed in Table 20. These fine motor imitative 
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responses were derived from the Kwon, Kang, Lee, Chin, Heilman, and Ha (2002) study and 

featured both simple and complex finger movements. During the pre- and post-intervention 

probe sessions, participants were presented with two opportunities to respond to each of the 10 

novel or untaught fine motor imitative responses. The mastery criterion for the fine motor 

imitative responses was determined to be 90% accuracy (18 out of 20 correct responses).  

During the pre-experimental and pre/post-intervention probe sessions, the experimenter 

presented the participant with the vocal antecedent, “do this,” and performed a motor action 

while sitting next to the participant (side-by-side). A correct response was operationally defined 

as the participant emitting a response that matched the experimenter’s model within 3-seconds of 

the experimenter’s presentation. There was no consequence for the correct responses (e.g., praise 

or edibles). An example of a correct response occurred when the experimenter presented a 

“thumbs up” gesture, and in turn, the participant matched that response by emitting the same 

thumbs up gesture. An incorrect response was operationally defined as the participant emitting a 

motor action that did not match the experimenter’s model, or emitting no response at all. If a 

participant did not respond to the instruction or emitted a response that did not match the 

experimenter’s, the experimenter moved on to the next instruction without delivering a 

correction procedure. An example of an incorrect response occurred when the experimenter 

pointed with her index finger and in turn the participant did not match that response, rather he 

pointed with his thumb.  
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Table 20 

Fine Motor Imitative Actions Targeted During Pre- and Post-Intervention Probes 

Simple Finger Movements Complex Finger Movements 
1. Palm down/fingers 

open 

 
 

6. 2 finger extension 

 
 

2. Four finger extension 

 
 

7. Ok sign 

 
 

3. Thumb extension 

 
 

8. Pinkie & thumb 
extension 

 
 

4. Index finger extension 

 
 

9. 3 finger extension 

 
 

5. Pinkie extension  

 
 

10. Index finger & thumb 
extension 

 
 

 

Probe measure 3: Oral motor imitation. The independent variable that targeted oral 

motor imitative responses were the numbers of untaught correct oral motor imitative responses 

emitted during pre-intervention and post-intervention probes. These oral motor imitative 

responses involved 10 different responses and are listed in Table 21. These oral motor imitative 

responses were derived from the Assessment in Speech-Language Pathology (Shipley & 

McAfee, 2004) resource manual and featured both oral movements and tongue movements. 

During the pre-experimental and pre/post-intervention probe sessions, participants were 

presented with two opportunities to respond to each of the 10 novel or untaught oral motor 

imitative responses. No feedback or consequations (e.g., reinforcement or corrections) were 
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provided. The mastery criterion for the oral motor imitative responses was determined to be 90% 

accuracy (18 out of 20 correct responses).  

During the pre-experimental and pre/post-intervention probe sessions, the experimenter 

presented the participant with the vocal antecedent, “do this,” and performed a motor action 

while directly facing the student. A correct response was operationally defined as the participant 

emitting a response that matched the experimenter’s model within 3-seconds of the 

experimenter’s presentation. There was no consequence for the correct responses (e.g., praise or 

edibles). An example of a correct response occurred when the experimenter puckered her lips, 

and in turn, the participant matched that response by emitting the same puckered lip action. An 

incorrect response was operationally defined as the participant emitting a motor action that did 

not match the experimenter’s model, or emitting no response at all. If a participant did not 

respond to the instruction or emitted a response that did not match the experimenter’s, the 

experimenter moved on to the next instruction without delivering a correction procedure. An 

example of an incorrect response occurred when the experimenter stuck out her tongue through a 

closed mouth and in turn the participant did not match that response, rather stuck out his tongue 

through an opened mouth.  
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Table 21 

Oral Motor Imitative Actions Targeted During Pre- and Post-Intervention Probes 

Oral Motor Movements Motor Movements with Tongue 
1. Open mouth 

 
 

6. Protrude tongue with 
closed mouth 

 
 

2. Smile with teeth 
clinched 

 
 

7. Retract tongue with 
open mouth 

 
 

3. Pucker lips 

 
 

8. Move tongue tip to the 
right 

 
 

4. Puff cheeks and hold air 

 
 

9. Move tongue tip to the 
left 

 
 

5. Smack lips 

  
 
        

 
 

10. Move tongue from 
side-to-side 

  
 
 

 
 

 

Probe measure 4: Multiple-step motor imitation. The independent variable that targeted 

multiple-step motor imitative responses were the numbers of untaught correct multiple-step 

motor imitative responses emitted during pre-intervention and post-intervention probes. These 

multiple-step motor imitative responses involved 10 different sound pattern responses consisting 

of hand-claps, lap taps, and foot stomps (see Table 22). These sound pattern responses were 

derived from the C-PIRK (CABAS® International Curriculum and Inventory of Repertoires for 
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Children from Pre-School through Kindergarten) (Greer & McCorkle, 2009; Waddington & 

Reed, 2009) objective of copying sound patterns. During the pre-experimental and pre/post-

intervention probe sessions, participants were presented with two opportunities to respond to 

each of the 10 novel or untaught multiple-step imitative responses. No feedback or consequations 

(e.g., reinforcement or corrections) were provided. The mastery criterion for the multiple-step 

imitative responses was determined to be 90% accuracy (18 out of 20 correct responses).  

During the pre-experimental and pre/post-intervention probe sessions, the experimenter 

presented the participant with the vocal antecedent, “do this,” and performed a motor action 

while sitting directly in front of the participant. A correct response was operationally defined as 

the participant emitting a response that matched the experimenter’s model within 3-seconds of 

the experimenter’s presentation. There was no consequence for the correct responses (e.g., praise 

or edibles). An example of a correct response occurred when the experimenter clapped once and 

stomped twice, and in turn, the participant matched that response by clapping once and stomping 

twice. An incorrect response was operationally defined as the participant emitting a sound 

pattern that did not match the experimenter’s model, or emitting no response at all. If a 

participant did not respond to the instruction or emitted a response that did not match the 

experimenter’s, the experimenter moved on to the next instruction without delivering a 

correction procedure. An example of an incorrect response occurred when the experimenter first 

stomped once and then clapped twice and, in turn, the participant did not match that response, 

rather first clapped once and then stomped twice.  
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Table 22 

Multiple-step Motor Imitative Actions Targeted During Pre- and Post-Intervention Probes 

Sound Pattern Performed by the 
Experimenter 

Description 

1. Clap, stomp, pat lap First clap once, then stomp once, then pat lap once 
2. Clap, clap, stomp First clap twice, then stomp once 
3. Clap, stomp, stomp First clap once, then stomp twice 
4. Clap, pat lap, clap First clap once, then pat lap once, then clap once 
5. Stomp, stomp, clap First stomp twice, then clap once 
6. Stomp, pat lap, stomp First stomp once, then pat lap once, then stomp once 
7. Stomp, clap, clap First stomp once, then clap twice 
8. Pat lap, clap, stomp First pat lap once, then clap once, then stomp once 
9. Pat lap, pat lap, clap First pat lap twice, then clap once 
10. Pat lap, clap, clap First pat lap once, then clap twice 

 

Advanced Generalized Imitation Induction Procedures. After determining that a 

participant did not have advanced GI at mastery level criterion across all bodily repertoires, the 

experimenter induced the capability through imitation instruction across bodily actions using a 

mirror. The intervention (imitation instruction using a mirror) to induce mastery level GI in 

Experiment II was identical to the procedure used in Experiment I with the exception of two 

modifications. One modification was that the instructional sets targeted during intervention were 

individualized for each participant and were dependent on what topography did not meet mastery 

level criterion during the pre/post-intervention probes. For example, if a participant met mastery 

criterion for a particular imitative topography during the pre/post-intervention probes, that 

particular topography was not targeted during intervention. Like all the imitative actions taught 

using the mirror in Experiment I, all the instructional actions in Experiment II were not targeted 

during the pre- and post-intervention imitation probes. See Tables 23 through 26 for lists of the 

imitative actions taught using a mirror for Participants E, F, G, and H. 
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The second modification to the intervention was that each participant had to meet on two 

instructional sets (with the mastery criterion set at 90% accuracy across 2 consecutive sessions 

for each instructional set) before post-intervention imitation probes were conducted.  

Table 23 

Imitative Actions Taught using a Mirror for Participant E 

Set  Imitative Actions Description 
1. Finger pincher 

position 
Single-handed circle  
 
Tap tummy & tap 
head 
 
Wave & blow a kiss 
 

With right hand, touching index finger to the thumb while other 
fingers are retracted 
With right hand, touching all fingers to the thumb to make a 
circle with hand 
First tapping palm of right hand in an up and down motion on 
top of stomach, followed by tapping palm of right hand in an up 
and down motion on top of head 
First extending and retracting right hand (from the wrist) 
repeatedly, followed by touching and retracting palm of right 
hand from mouth, while smacking lips 

2. Cross index fingers 
 
“I love you” sign 
 
Form “L” with arms 
& raise hand 
Point to nose & tap 
side of leg 

With extended index fingers while other fingers and thumb are 
retracted, index fingers cross to form an “X” 
With the right hand, pinkie finger, index finger, and thumb are 
extended, while both middle and ring fingers are retracted 
First while raising left arm, extend right arm to the right, 
followed by raising right arm 
First point to nose with right hand, followed by tapping left side 
of the left thigh with left hand 

3. Link pinkie fingers 
 
Touch ring finger to 
the thumb 
Roll arms & tap 
chest 
 
Hands on hips & 
twist 

While other fingers and thumb are retracted, interlock pinkie 
fingers 
While other fingers are extended with right hand, touch ring 
finger to the thumb 
First with bend arms, moving arms in a circular motion followed 
by tapping palm of right hand in an up and down motion on top 
of chest 
First putting both hands on hips followed by twisting torso  

4. Hold middle & ring 
fingers down 
Fingers crossed 
 
Raise both arms & 
cover eyes 
Hand on knee & 
extend leg 

With right hand, pinkie and index finger are extended, while 
thumb is holding down middle and ring fingers 
With right hand, overlap middle and index fingers, while thumb 
holds down pinkie and ring fingers 
First extending both arms vertically above head followed by 
placing both hands over both eyes 
First placing right hand on right knee, followed by extending 
right leg forward  
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Set  Imitative Actions Description 
5. Flick 

 
Touch middle finger 
to the thumb 
Extend pinkie and 
ring finger 
Form a triangle 

With right hand, flicking index finger against the thumb while 
other fingers are retracted 
While other fingers are extended with right hand, touch middle 
finger to the thumb 
With right hand, extend pinkie and ring fingers, while thumb is 
holding down middle and index fingers 
While other fingers are retracted, touch left index finger to right 
index finger and touch left thumb to right thumb 

6. Form “T” with 
index fingers 
 
Form a circle 
 
Pray position 
 
Hide thumb in fist 

With extended index fingers while other fingers and thumb are 
retracted, right index finger crosses top of left index finger to 
form a “T” 
Touch fingers of left hand to fingers of right hand and touch left 
thumb to right thumb 
Touch palm of left hand to palm of right hand so that all fingers 
and both thumbs are joined but not interlocked 
With right hand, form a fist so that fingers are covering thumb 
and palm is facing inward 

 

Table 24 

Imitative Actions Taught using a Mirror for Participant F 

Set  Imitative Actions Description 
1. Hand on knee & 

extend leg 
Hands on hips & 
twist 
Tap head twice & 
tap tummy once 
 
Wave & blow a kiss 

First placing right hand on right knee, followed by extending 
right leg forward 
First putting both hands on hips, followed by twisting torso 
 
First tapping palm of right hand in an up and down motion on 
top of head twice, followed by tapping palm of right hand in an 
up and down motion on top of stomach once 
First extending and retracting right hand (from the wrist) 
repeatedly, followed by touching and retracting palm of right 
hand from mouth, while smacking lips 

2. Extend arms out & 
flap 
Tap both sides of 
legs twice & rub 
tummy 
Extend arms 
forward & wiggle 
fingers 
Tap tummy twice & 
tap head once 

First extending both arms out to the side, followed by moving 
arms in an up and down motion 
First tapping palm of both hands in an up and down motion on 
outer thighs twice, followed by rubbing palm of right hand in a 
circular motion on top of stomach 
First extending both arms out forward, followed by wiggling 
fingers repeatedly 
 
First tapping palm of right hand in an up and down motion on 
top of stomach twice, followed by tapping palm of right hand in 
an up and down motion on top of head once 
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Table 25 

Imitative Actions Taught using a Mirror for Participant G 

Set  Imitative Actions Description 
1. Extend arm out with 

upright palm  
“I love you” sign 
 
Tap head twice & 
tap tummy once 
 
Finger pincher 
position 

Extend right arm forward with palm up 
 
With the right hand, pinkie finger, index finger, and thumb are 
extended, while both middle and ring fingers are retracted 
First tapping palm of right hand in an up and down motion on 
top of head twice, followed by tapping palm of right hand in an 
up and down motion on top of stomach once 
With right hand, touching index finger to the thumb while other 
fingers are retracted 

2. Extend arms up 
Tap tummy twice & 
tap head once 
 
Touch middle finger 
to the thumb 
Single-handed circle 

Extend both arms up above the head 
First tapping palm of right hand in an up and down motion on 
top of stomach twice, followed by tapping palm of right hand in 
an up and down motion on top of head once 
While other fingers are extended with right hand, touch middle 
finger to the thumb 
With right hand curl fingers to the thumb to from a letter O 

3. Blow kisses twice & 
wave 
 
Tap chest twice & 
rub head  
 
Extend arms up & 
cover eyes 
Join hands above 
head & bend  

First touching and retracting palm of right hand from mouth, 
while smacking lips twice, followed by extending and retracting 
right hand (from the wrist) repeatedly 
First tapping palm of right hand in an up and down motion on 
top of chest twice, followed by rubbing palm of right hand in a 
circular motion on top of head 
First extending both arms up above the head, followed by 
placing both hands on top of eyes 
First joining both hands above the head, followed by bending 
body at the hip in a back and forth motion 

4. Tap nose once & tap 
ear twice 
 
Hand on knee & 
extend leg 
Hands on hips & 
twist 
Tap head once & tap 
tummy twice 

First tapping palm of right hand in an up and down motion on 
top of nose once, followed by tapping palm of right hand in an 
up and down motion on top of right ear twice 
First placing right hand on right knee, followed by extending 
right leg forward 
First putting both hands on hips, followed by twisting torso 
 
First tapping palm of right hand in an up and down motion on 
top of head once, followed by tapping palm of right hand in an 
up and down motion on top of stomach twice 
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Table 26 

Imitative Actions Taught using a Mirror for Participant H 

Set  Imitative Actions Description 
1. Hold middle & ring 

fingers down 
Tap head twice & 
tap tummy once 
 
Hands on hips & 
twist 
Finger pincher 
position 

With right hand, pinkie and index finger are extended, while 
thumb is holding down middle and ring fingers 
First tapping palm of right hand in an up and down motion on 
top of head twice, followed by tapping palm of right hand in an 
up and down motion on top of stomach once 
First putting both hands on hips, followed by twisting torso 
 
With right hand, touching index finger to the thumb while other 
fingers are retracted 

2. “I love you” sign 
 
Touch ring finger to 
the thumb 
Hand on knee & 
extend leg 
Tap tummy twice & 
tap head once 
 

With the right hand, pinkie finger, index finger, and thumb are 
extended, while both middle and ring fingers are retracted 
While other fingers are extended with right hand, touch ring 
finger to the thumb 
First placing right hand on right knee, followed by extending 
right leg forward 
First tapping palm of right hand in an up and down motion on 
top of stomach twice, followed by tapping palm of right hand in 
an up and down motion on top of head once 

3. Blow kisses twice & 
wave 
 
Tap chest twice & 
rub head  
 
Extend arms up & 
cover eyes 
Join hands above 
head & bend  

First touching and retracting palm of right hand from mouth, 
while smacking lips twice, followed by extending and retracting 
right hand (from the wrist) repeatedly 
First tapping palm of right hand in an up and down motion on 
top of chest twice, followed by rubbing palm of right hand in a 
circular motion on top of head 
First extending both arms up above the head, followed by 
placing both hands on top of eyes 
First joining both hands above the head, followed by bending 
body at the hip in a back and forth motion 

4. Tap nose once & 
tap ear twice 
 
Extend arms out & 
tap chest once 
Roll arms & extend 
arms up 
 
Rub tummy & tap 
side twice 

First tapping palm of right hand in an up and down motion on 
top of nose once, followed by tapping palm of right hand in an 
up and down motion on top of right ear twice 
First extending both arms out forward, followed by tapping 
palm of both hands on top of chest once 
First with bend arms, moving arms in a circular motion followed 
by tapping palm of right hand in an up and down motion on top 
of chest 
First rubbing palm of right hand in a circular motion on top of 
stomach, followed by tapping palm of both hands in an up and 
down motion on outer thighs twice  
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Follow-Up Assessments with Novel Responses 

The follow-up measure that targeted novel imitative responses were the numbers of 

untaught correct imitative responses emitted during post-experiment probes once all participants 

acquired mastery level GI across all bodily topographies and completed the study. These 

assessments were conducted as follow-up measures to further test for the presence of the 

generalized imitation capability once the study was completed. The targeted imitative responses 

were individualized for each participant and were based on the results of their pre-intervention 

probes (see Tables 27-29). The specific motor imitation topographies that were targeted were 

those for which the participant did not demonstrate the emission of untaught imitative responses 

to mastery criterion, which signified the absence of generalized imitation for those topographies. 

These novel imitative responses involved 10 different imitative actions across the previously 

missing motor topographies. All novel imitative response were different from those 

aforementioned imitative responses in the targeted dependent variables (see Tables 19-22) as 

well as different from the targeted imitative responses taught using the mirror during the 

intervention (see Tables 23-26).  

Some of novel imitative responses were also derived from the Erjavec and Horne (2008) 

and Horne and Erjavec (2007) studies, the Kwon, Kang, Lee, Chin, Heilman, and Ha (2002) 

study, and C-PIRK objectives (CABAS® International Curriculum and Inventory of Repertoires 

for Children from Pre-School through Kindergarten) (Greer & McCorkle, 2009; Waddington & 

Reed, 2009). During the novel post-experiment probe sessions, participants were presented with 

two opportunities to respond to each of the 10 novel or untaught imitative responses across 

topographies. No feedback or consequations were provided (e.g., corrections were not provided 

after incorrect responses and reinforcement was not provided after correct responses). Thus, it is 
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important to note that these actions were not involved in a teaching/training format during 

experimental conditions. This follow-up set of actions functioned to further test for the presence 

of generalized imitation (GI) (e.g., functioned to test whether or not participants were able to 

emit imitative actions that were never taught/trained). The mastery criterion for the imitative 

responses was determined to be 90% accuracy (18 out of 20 correct responses).  

During the novel post-experiment probe session, the experimenter presented the 

participant with the vocal antecedent, “do this,” and performed a motor action while sitting either 

directly in front of the participant or next to the participant. A correct response was operationally 

defined as the participant emitting a response that matched the experimenter’s model within 3-

seconds of the experimenter’s presentation. There was no consequence for the correct responses 

(e.g., praise or edibles). If a participant did not respond to the instruction or emitted a response 

that did not match the experimenter’s, the experimenter moved on to the next instruction without 

delivering a correction procedure.  

Similar to the pre-experimental probes conducted at the onset of the experiment, all 

follow-up assessments were conducted simultaneously across participants. The follow-up 

assessments were conducted 1-month after the last participant (Participant H) met mastery 

criterion on the post-GI acquisition dressing skill. Therefore, though the follow-up assessments 

were conducted simultaneously, the follow-up assessments were time-lagged across participants 

(e.g., Participant E had the longest latency between post-GI acquisition probes and follow-up 

assessments).  
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Table 27 

Novel Follow-up Gross Motor Imitation Targets for Participant G 

Imitative Actions Description 
1. Right hand cross to knee 
2. Left hand cross to knee 
3. Right hand same foot 
4. Left hand same foot 
5. Both hands cross to knee 
 
6. Both hands cross to feet 
 
7. Both hands to same knee 
 
8. Both hands to same feet 
 
9. Both arms folded in lap 
 
10. Both arms extend forward  

Touch left knee with right hand 
Touch right knee with left hand 
Touch right foot with right hand 
Touch left foot with left hand 
Touch left knee with right hand & touch right knee with 
left hand 
Touch left foot with right hand & touch right foot with left 
hand 
Touch left knee with left hand & touch right knee with 
right hand 
Touch left foot with left hand & touch right foot with right 
hand 
Place left hand over lap to touch right hip & place right 
hand over lap to touch left hip 
Extend both right & left arms forward in front of body 

 

Table 28 

Novel Follow-up Fine Motor Imitation Targets for Participants E, G, and H 

Participant Imitative Actions Description 
E 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. Palm down, fingers 
together 
2. Fist 
3. Wiggle fingers 
 
4. Point index finger into 
palm 
5. Touch tips 
6. Touch index fingers to 
thumbs 
7. Palm twist 
 
8. Touch index finger to index 
finger 
9. Self hand shake 
10. Touch thumb to thumb 

Place hand out with palm down & fingers 
together 
Ball fingers and thumb in to make a fist 
Repeatedly move fingers in an up & down 
motion  
Place right extended index finger in the palm 
of open left hand 
Touch all finger & thumb tips together 
Touch both index finger tips to both thumb tips 
 
Repeatedly twist open palms together in a back 
& forth motion 
Touch tips of extended index fingers together 
 
Clasp hands together & shake 
Touch tips of extended thumbs together 

G 1. Palm down, fingers 
together 
2. Fist 

Place hand out with palm down & fingers 
together 
Ball fingers and thumb in to make a fist 
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Participant Imitative Actions Description 
3. Form “T” with index 
fingers 
 
 
4. Form “X” with index 
fingers 
 
 
5. Flick 
 
6. Prayer position 
 
 
7. Index finger link 
 
8. Form a triangle 
 
 
9. Form a circle 
 
 
10. Hide thumb in fist 

With extended index fingers while other 
fingers and thumbs are retracted, right index 
finger crosses top of left index finger to form a 
“T” 
With extended index fingers while other 
fingers and thumbs are retracted, right index 
finger crosses middle of left index finger to 
form a “X” 
With right hand, flicking index finger against 
the thumb while other fingers are retracted 
Touch palm of left hand to palm of right hand 
so that all fingers and both thumbs are joined 
but not interlocked 
While other fingers and thumb are retracted, 
interlock index fingers 
While other fingers are retracted, touch left 
index finger to right index finger and touch left 
thumb to right thumb to form a triangle 
Touch fingers of left hand to fingers of right 
hand and touch left thumb to right thumb to 
form a circle 
With right hand, form a fist so that fingers are 
covering thumb and palm is facing inward 

H 1. Palm down, fingers 
together 
2. Fist 
3. Wiggle fingers 
 
4. Point index finger into 
palm 
5. Touch tips 
6. Form “T” with index 
fingers 
 
 
7. Form “X” with index 
fingers 
 
 
8. Flick 
 
9. Form a triangle 
 
 
10. Form a circle 

Place hand out with palm down & fingers 
together 
Ball fingers and thumb in to make a fist 
Repeatedly move fingers in an up & down 
motion  
Place right extended index finger in the palm 
of open left hand 
Touch all finger & thumb tips together 
With extended index fingers while other 
fingers and thumbs are retracted, right index 
finger crosses top of left index finger to form a 
“T” 
With extended index fingers while other 
fingers and thumbs are retracted, right index 
finger crosses middle of left index finger to 
form a “X” 
With right hand, flicking index finger against 
the thumb while other fingers are retracted 
While other fingers are retracted, touch left 
index finger to right index finger and touch left 
thumb to right thumb for form a triangle 
Touch fingers of left hand to fingers of right 
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Participant Imitative Actions Description 
hand and touch left thumb to right thumb to 
form a circle 

 

Table 29 

Novel Follow-up Multiple-step Motor Imitative Actions Targeted for Participants E, F, G, and H 

Sound Pattern Performed by the 
Experimenter 

Description 

1. Tap table, clap, tap head First tap table once, then clap once, then tap head once 
2. Tap table, tap table, clap First tap table twice, then clap once 
3. Tap table, clap, clap First tap table once, then clap twice 
4. Tap table, tap head, tap table First tap table once, then tap head once, then tap table 

once 
5. Clap, clap, tap table First clap twice, then tap table once 
6. Clap, tap head, clap First clap once, then tap head once, then clap once 
7. Clap, tap table, tap table First clap once, then tap table twice 
8. Tap head, tap table, clap First tap head once, then tap head once, then clap once 
9. Tap head, tap head, tap table First tap head twice, then tap table once 
10. Tap head, tap table, tap table First tap head once, then tap table twice 

 

Design 

 A pre- and post-intervention non-concurrent multiple probe design across participants 

(Horner & Baer, 1978; Greer, Stolfi, Chavez-Brown & Rivera-Valdez, 2005; Greer, Stolfi & 

Pistoljevic, 2007; Pereira Delgado, Speckman, & Greer, 2009) was again used in Experiment II. 

However, a more stringent probe design across participants involving multiple pre-intervention 

probe conditions was employed. The more stringent time-lagged design was employed to further 

control for maturation and history. Prior to the onset of the experiment, pre-experiment probes 

were conducted for all participants simultaneously. Once the intervention had proven to be 

effective for Participant E (e.g., higher correct responding during the post-intervention probes as 

compared to the pre-intervention probes), another set of pre-intervention probes were conducted 

for Participant F prior to the start of intervention. Subsequently, pre- and post-intervention 
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probes and intervention conditions were conducted for Participants G and H following this 

modified design sequence. In addition, after the conclusion of the experiment, follow-up post-

experiment probes with novel response sets were conducted for all participants simultaneously to 

further test for the presence of the generalized imitation capability.  

Sequence of Experimental Procedures. The sequence of the design is shown in Figure 

6. First, pre-intervention imitation probes were conducted to test for the presence of GI for all 

participants simultaneously. The novel or untaught imitative responses presented during the pre-

intervention imitation probes are listed in Tables 18-22. Second, once it was determined that the 

participants did not meet the mastery criterion for GI, a dressing skill learning task was taught to 

mastery criterion. This was done to obtain measures of instructional sessions-to-criterion to 

subsequently compare to post-GI acquisition measures. The dressing skills taught to the 

participants were counterbalanced across participants and are listed in Table 17. Once the first 

participant to meet mastery criterion on a dressing skill was established, that participant was 

chosen to be the first participant to start the intervention. Prior to the start of intervention, pre-

intervention imitation probes were again implemented.  In addition, pre-GI acquisition probes for 

block structure duplication and transcription tasks were conducted. Once the participant met 

mastery criterion on Set 1 of the mirror intervention, post-intervention probes to test for the 

emergence of GI were conducted.  

If the intervention had proven to be effective for the first participant (e.g., higher correct 

responding during the post-intervention probes as compared to the pre-intervention probes), pre-

intervention imitation probes were again implemented for the second participant who met 

mastery criterion on the dressing skill and subsequently intervention was started. This procedure 

sequence was implemented for the third and fourth participants.  
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Novel instructional sets using the mirror were introduced and taught to mastery until the 

presence of GI was marked in each participant’s post-intervention imitation probes. Once the 

presence of GI was marked in each participant’s post-intervention imitation probes, a different 

dressing skill was taught to the participant until mastery criterion was met. These measures of 

instructional sessions-to-criterion were compared to pre-GI acquisition measures. In addition, 

post-GI acquisition probes for block structure duplication and transcription tasks were 

conducted. Lastly, once all participants completed the study (e.g., acquired the generalized 

imitation capability across all motor topographies to mastery criterion and acquired a second 

independent dressing skill to mastery criterion), follow-up post-experiment probes with novel 

response sets were conducted for all participants simultaneously to further test for the presence 

of the generalized imitation capability. 
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Figure 6. The design sequence for Experiment II. 
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Data Collection 

The data collection procedure for Experiment II was the same as the procedure described 

in Experiment I (e.g., data were again collected across experimental conditions using ink pens, 

clipboards, data collection forms, and graphs). However, a video recorder was used across 

experimental conditions to measure interobserver agreement and procedural fidelity. 

Interobserver Agreement and Procedural Fidelity 

Interobserver agreement was collected during learning tasks, imitation probes, and 

intervention sessions. Interobserver agreement on participant responding was assessed using two 

methods: 1) a second observer simultaneously and independently collected data on the 

participants’ responding and 2) a second observer reviewed videotapes and independently 

collected data on the participants’ responding. The independent observers were trained to collect 

data across experimental conditions. Data collection forms completed by the independent 

observers were compared to the data collected by the researcher. Point-by-point interobserver 

agreement was calculated by dividing the number of agreements by the total number of 

agreements and disagreements and multiplying by 100% (Cooper, Heron, & Heward 2007).  

Furthermore, procedural fidelity was conducted to ensure that learn units were in place 

during the learning tasks and intervention sessions as well as to ensure that the experimenters 

presented probe-trials accurately during pre- and post-intervention imitation probe sessions. To 

conduct procedural fidelity and to assess agreement for recording participant responding, the 

Teacher Performance Rate Accuracy (TPRA) (Ingham & Greer, 1992) measure was again used.  

The TPRA observations yielded revealed 100% procedural fidelity. Mean and range of 

interobserver agreement conducted for each participant across experimental conditions is shown 

in Table 30.  
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Table 30 

The Percentage of Sessions, Mean, and Range of Interobserver Agreement for Participants E, F, 

G, and H Across Experimental Conditions 

 Participant E Participant F Participant G Participant H 
 

Dressing Skills Instructional Sessions 
Percent of 
Sessions 

100% 71% 60% 86% 

Mean 
Agreement 

95% 89% 93% 88% 

Range of 
Agreement 

85%-100% 83%-100% 90%-100% 80%-100% 

Pre- and Post-Intervention Probe Sessions 
Percent of 
Sessions 

78% 100% 50% 78% 

Mean 
Agreement 

96% 94% 91% 96% 

Range of 
Agreement 

90%-100% 80%-100% 80%-100% 93%-100% 

Mirror Intervention Sessions 
Percent of 
Sessions 

55% 38% 45% 50% 

Mean 
Agreement 

96% 95% 91% 91% 

Range of 
Agreement 

80%-100% 90%-100% 80%-100% 80%-100% 

 

Results 

Initial Pre-Experimental, Pre-Intervention, and Post-Intervention Generalized Imitation 

Probes Across Topographies 

 The results of initial pre-experiment imitation probes across motor topographies and 

participants, which assessed participation eligibility for this experiment, are shown in Figures 10 

through 13. The results of pre-intervention imitation probes across motor topographies and 

participants, which assessed participant maturation and history, are also shown in Figures 10 

through 13. The results of the initial pre-experiment and pre-intervention imitation probes across 
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motor topographies and participants were stable and showed insignificant changes. The results of 

post-intervention imitation probes across motor topographies and participants, which assessed 

the effect of the mirror intervention, are also shown in Figures 10 through 13. 

 Pre-experiment/intervention Oral Motor Generalized Imitation Probes. The results 

of pre-experiment/intervention probes for the presence of generalized imitation with oral motor 

actions, showed that all participants emitted at least 18 correct responses (90% accuracy); 

signifying that they all had GI of oral motor actions (see Figure 12).  

Pre-experiment/intervention Gross Motor Generalized Imitation Probes. The results 

of pre-experiment/intervention probes for the presence of generalized imitation with gross motor 

actions, showed that all participants except for Participant G, emitted at least 18 correct 

responses (90% accuracy); signifying that Participants E, F, and H all had GI of gross motor 

actions (see Figure 10). Participant G emitted slightly less correct responses signifying that she 

did not have GI of gross motor actions. Specifically, Participant G had difficultly with imitating 

actions that crossed the body’s midline.  

The results of the percentage of mirrored gross motor responses across participants and 

conditions are shown in Table 31. These percentages varied across participants. The percentages 

of mirrored gross motor actions were high for Participants E, F, and H. However, the percentages 

of mirrored gross motor actions were unstable across conditions for Participant G.  

Post-Intervention Gross Motor Generalized Imitation Probes. The results of 

Participant G’s post-intervention probes for gross motor GI are shown in Figure 10. During the 

first round of post-intervention probes for the presence of gross motor GI, Participant G emitted 

19 correct responses (95% accuracy). Not only did these results reflect an increase in correct 

responding compared to the results of the pre-experiment/intervention probes (from 15 correct 
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responses to 19 correct responses), the results of the post-intervention probes also met the 

mastery criterion for gross motor GI. In addition, the percentages of mirrored gross motor actions 

during post-intervention probes were low compared to pre-experiment/intervention probes (see 

Table 31).  

Pre-experiment/intervention Fine Motor Generalized Imitation Probes. The results 

of pre-experiment/intervention probes for the presence of generalized imitation with fine motor 

actions, showed that all participants except for Participant F, emitted significantly less than 18 

correct responses (ranging between 9 and 12 correct responses); signifying that Participants E, G, 

and H did not have GI of fine motor actions (see Figure 11).  

Post-Intervention Fine Motor Generalized Imitation Probes. The results of 

Participant E’s, G’s, and H’s post-intervention probes for fine motor GI are shown in Figure 11. 

During the first round of post-intervention probes for the presence of fine motor GI, both 

Participants G and H emitted at least 18 correct responses (90% accuracy), which also reflected 

an increase in correct responding compared to the results of the pre-experiment/intervention 

probes and met the mastery criterion fine motor GI.  

During the first round of post-intervention probes for the presence fine motor GI, 

Participant E emitted 13 correct responses (65% accuracy). Although these results reflected an 

increase in correct responding compared to the results of the pre-experiment/intervention probes, 

the results of the post-intervention probes did not meet the mastery criterion for fine motor GI.  

However, after meeting mastery criterion on two more sets of imitative actions taught using a 

mirror, the second round of post-intervention probes for the presence of fine motor GI yielded a 

score of 95% accuracy (19 out of 20 correct responses) therefore meeting the mastery criterion 

for fine motor GI. 
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Pre-experiment/intervention Multiple-Step Motor Generalized Imitation Probes. 

The results of pre-experiment/intervention probes for the presence of generalized imitation with 

multiple-step motor actions, showed that all participants, emitted less than 18 correct responses 

(ranging between 0 and 9 correct responses); signifying that all participants did not have GI of 

multiple-step motor actions (see Figure 13).  

Post-Intervention Multiple-Step Motor Generalized Imitation Probes. The results of 

all participants’ post-intervention probes for multiple-step motor GI are shown in Figure 13. 

During the first round of post-intervention probes for the presence of fine motor GI, both 

Participants E and F emitted at least 18 correct responses (90% accuracy), which also reflected 

an increase in correct responding compared to the results of the pre-experiment/intervention 

probes and met the mastery criterion multiple-step motor GI.  

During the first round of post-intervention probes for the presence multiple-step motor 

GI, both Participants G and H increased correct responding compared to the results of their pre-

experiment/intervention probes; however, these post-intervention probes did not meet the 

mastery criterion for multiple-step motor GI.  However, after meeting mastery criterion on two 

more sets of imitative actions taught using a mirror, the second round of post-intervention probes 

for the presence of multiple-step motor GI yielded a score of 90% accuracy (18 out of 20 correct 

responses) therefore meeting the mastery criterion for multiple-step motor GI. 

Imitation Acquisition During the Mirror Intervention 

The participants’ imitation acquisition during the mirror intervention is shown in Figure 

20. Six instructional sets (see Table 23) were implemented during Participant E’s intervention, 

two instructional sets (see Table 24) were implemented during Participant F’s intervention, and 

four instructional sets (see Tables 25 and 26) were implemented during Participants G’s and H’s 



128 

 

intervention. All instructional sets were implemented until participants met the instructional 

mastery criterion (90% accuracy across to consecutive sessions). However, Set 1 was terminated 

after one session for Participant E because it was in his repertoire and Set 4 was terminated 

because the acquisition data were stagnant.    

Pre- and Post-GI Induction Dressing Skill Instruction 

 Pre-GI Induction Dressing Skill Instruction. The results of the participants’ 

instructional dressing sessions prior to the induction of GI across the missing topographies are 

shown in Figures 16 through 19. All participants required 4 instructional dressing sessions to 

meet the mastery criterion (100% accuracy in 1 session) for removing and putting on clothing. 

Across all instructional sessions, all participants emulated the experimenter’s modeled actions to 

complete the chain of steps to both remove and put on clothing (see Table 32 and Figure 7). 

Post-GI Induction Dressing Skill Instruction. The results of the participants’ 

instructional dressing sessions following the induction of GI across the missing topographies are 

shown in Figures 13 through 16. All participants required less than 4 instructional dressing 

sessions to meet the mastery criterion (ranging between 1 and 3 sessions) for removing and 

putting on clothing. These results reflect a decrease in instructional sessions to mastery criterion 

compared to the results of the pre-GI induction probes. Across instructional sessions, all 

participants imitated the experimenter’s modeled actions to complete the chain of steps to both 

remove and put on clothing (see Table 32 and Figure 7).  

Pre- and Post-GI Induction Block Structure Duplication Probes  

 Pre- and post-GI induction block structure duplication probes across participants are 

shown in Figure 11. During the pre- and post-GI induction probes for the presence of a block 

duplication repertoire, Participants E, F, and H emitted 10 correct responses (100% accuracy). 
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During the pre-GI induction probes for the presence of a block duplication repertoire, Participant 

G emitted 5 correct responses (50% accuracy). However, during the post-GI induction probes for 

the presence of a block duplication repertoire, Participant G emitted 9 correct responses (90% 

accuracy), which reflects an increase in correct responding as compared to her pre-GI induction 

probes.  

The percentage of imitated behavior chains to duplicate a block structure across 

conditions varied greatly amoungst the participants (see Table 33 and Figure 8). In comparison 

to pre-GI induction: 1) Participants E and G increased their emission of imitated behavior chains, 

2) Participant F decreased emission of imitated behavior chains, and 3) Participant H’s emission 

of imitated behavior chains remained the same.  

Pre- and Post-GI Induction Transcription Probes 

Pre- and post-GI induction transcription probes across participants are shown in Figure 

12. During the pre- and post-GI induction probes for the presence of a transcription repertoire, 

Participants E and F emitted at least 24 correct responses (92% accuracy). During the pre-GI 

induction probes for the presence of a transcription repertoire, Participant G emitted 4 correct 

responses (15% accuracy) and Participant H emitted 16 correct responses (62% accuracy). 

However, during the post-GI induction probes for the presence of a transcription repertoire, 

Participant G and H emitted 5 and 18 correct responses respectively (19% and 69% accuracy), 

which reflect slight increases in correct responding as compared to pre-GI induction probes.  

The percentage of imitated behavior chains to duplicate letters across conditions varied 

greatly amoungst the participants as well (see Table 34 and Figure 9). In comparison to pre-GI 

induction: 1) Participants F and H increased their emission of imitated behavior chains, 2) 
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Participant E decreased emission of imitated behavior chains, and 3) Participant G’s emission of 

imitated behavior chains remained the same.  

Follow-up Assessment of Previously Missing Topographies with Novel Responses 

 The results of the participants’ follow up post-experiment probes of the previously 

missing topographies with novel responses are shown in Figures 10, 11, and 13. During all 

follow-up post-experiment probes, all participants emitted at least 18 correct responses (90% 

accuracy). Therefore, the presence of all induced imitative motor topographies was maintained 

after the completion of the experiment. 

Table 31 

Percentage of Mirrored Gross Motor Responses during Experiment II 

Percentage of Mirrored Gross Motor Responses 
 

 Pre- 
Experiment 

Pre- 
Intervention 

Post-
Intervention 

Post-
Experiment 

Post- 
Follow-up 

Participant 
E 

88% 50% N/A N/A N/A 

Participant 
F 

100% 100% N/A N/A N/A 

Participant 
G 

100% 80% 75% 16% 17% 

Participant 
H 

75% 75% N/A N/A N/A 
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Table 32 

Percentage of Imitated Behavior Chains to Complete Dressing Skills during Experiment II  

Percentage of Imitated Behavior Chains to Complete Dressing Skills  
 Dressing Skill 

Pre-Generalized Imitation 
Induction 

Dressing Skill 
Post-Generalized Imitation 

Induction 
Participant E 0% 100% 
Participant F 0% 67% 
Participant G 0% 100% 
Participant H 0% 100% 
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Figure 7. The percentage of imitated behaviors chains to complete dressing skills pre- and post-

generalized imitation induction across Participants E, F, G, and H. 
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Table 33 

Percentage of Imitated Behavior Chains to Duplicate a Block Structure during Experiment II 

Percentage of Imitated Behavior Chains to Duplicate a Block Structure  
 Pre-Generalized Imitation 

Induction 
Post-Generalized Imitation 

Induction 
Participant E 60% 90% 
Participant F 80% 70% 
Participant G 80% 89% 
Participant H 90% 90% 
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Figure 8. The percentage of imitated behaviors chains to duplicate a block structure pre- and 

post-generalized imitation induction across Participants E, F, G, and H. 
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Table 34 

Percentage of Imitated Behavior Chains to Transcribe Uppercase Letters during Experiment II 

Percentage of Imitated Behavior Chains to Transcribe Uppercase Letters  
 Pre-Generalized Imitation 

Induction 
Post-Generalized Imitation 

Induction 
Participant E 92% 85% 
Participant F 31% 46% 
Participant G 0% 0% 
Participant H 47% 78% 
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Figure 9. The percentage of imitated behaviors chains to transcribe uppercase letters pre- and 

post-generalized imitation induction across Participants E, F, G, and H.  
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Figure 10. The number of correct responses emitted by Participants E, F, G, and H during pre- 

and post acquisition probes for the presence of generalized imitation of gross motor movements. 
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Figure 11. The number of correct responses emitted by Participants E, F, G, and H during pre- 

and post acquisition probes for the presence of generalized imitation of fine motor movements.
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Figure 12. The number of correct responses emitted by Participants E, F, G, and H during pre- 

and post acquisition probes for the presence of generalized imitation of oral motor movements. 
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Figure 13. The number of correct responses emitted by Participants E, F, G, and H during pre- 

and post acquisition probes for the presence of generalized imitation of multiple-step 

movements. 
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Figure 14. The number of correct responses emitted by Participants E, F, G, and H during pre- 

and post-GI acquisition probes for the presence of a block structure duplication repertoire. 
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Figure 15. The number of correct responses emitted by Participants E, F, G, and H during pre- 

and post-GI acquisition probes for the presence of a transcription repertoire. 
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Figure 16. The cumulative number of correct steps completed by Participant E within 

instructional sessions to teach dressing skills pre- and post-generalized imitation acquisition.  

Steps 

C
um

ul
at

iv
e 

C
or

re
ct

 S
te

ps
 w

ith
in

 S
es

si
on

s 

Post-GI Acquisition Instructional Sessions for 
Putting On and Taking off Shoes  

Pre-GI Acquisition Instructional Sessions for 
Putting On and Taking off Jacket  

Steps 

Pre-GI 

Post-GI 



141 

 

Participant F 

 

0

2

4

6

8

10

12

14

16

18

20

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

Session 1
Session 2
Session 3
Session 4

 
 

 

0

2

4

6

8

10

12

1 2 3 4 5 6 7 8 9 10 11 12

Session 1
Session 2
Session 3

 
Figure 17. The cumulative number of correct steps completed by Participant F within 

instructional sessions to teach dressing skills pre- and post-generalized imitation acquisition. 
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Figure 18. The cumulative number of correct steps completed by Participant G within 

instructional sessions to teach dressing skills pre- and post-generalized imitation acquisition. 
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Figure 19. The cumulative number of correct steps completed by Participant H within 

instructional sessions to teach dressing skills pre- and post-generalized imitation acquisition. 

Pre-GI Acquisition Instructional Sessions for 
Putting On and Taking off Shoes  

Pre-GI Acquisition Instructional Sessions for 
Putting On and Taking off Jacket  

Steps 

Steps 

C
um

ul
at

iv
e 

C
or

re
ct

 S
te

ps
 w

ith
in

 S
es

si
on

s 

Pre-GI 

Post-GI 



144 

 

 

0

2

4

6

8

10

12

14

16

18

20

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

0

2

4

6

8

10

12

14

16

18

20

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

0

2

4

6

8

10

12

14

16

18

20

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

0

2

4

6

8

10

12

14

16

18

20

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

 
 
 

 
Figure 20. The number of correct responses to learn unit presentation during instructional sets 

using the mirror for Participants E, F, G, and H. 
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Discussion 

The purpose of Experiment II was to further examine the effectiveness and efficiency of 

using a mirror to induce more advanced forms of generalized imitation with older preschoolers 

diagnosed with developmental delays as well as examine the effects of the absence and presence 

of advanced generalized imitation on the rate of participant learning after an adult provided a 

how-to demonstration. I sought to answer the following research questions: 1) Can teaching 

young developmentally delayed children to imitate using a mirror lead to the emergence of more 

advanced forms of generalized imitation across topographical boundaries? and 2) What are the 

effects of the absence and presence of advanced generalized imitation on the rate of participant 

learning after an adult provides a how-to demonstration. 

To determine the effects of the mirror intervention on the emergence of advanced forms 

of generalized imitation across bodily actions, pre- and post-intervention analyses of untaught, 

unconsequated imitative actions were conducted. The results from this experiment showed that 

teaching imitation using a mirror was an effective and efficient intervention for inducing mastery 

level generalized imitation for the missing and/or weak imitative topographies across 

participants. These results are consistent with the findings of Experiment I as well as the Pereira 

Delgado, et al. (2009) and Du (2011) studies in that a functional relationship was demonstrated 

between mastering motor actions using a mirror and the emergence of generalized imitation.  

Specifically, prior to the intervention all participants presented with mastery level oral 

motor imitation. These results correspond with the participants’ levels of verbal behavior (see 

Tables 10 and 11). Prior to the onset of the study all participants had foundational speaker 

repertoires. In addition, Participant G was the only participant to present with a weak (less than 

90% accuracy) gross motor imitative repertoire. These results also correspond with the 
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participants’ prior history with single-step, basic imitative repertoires (e.g., waving, clapping, 

etc.). Participant G had the lowest score on the Peabody Developmental Motor Scales—2 

(PDMS2) (Folio & Fewell, 2000). 

However, all participants presented with missing and/or significantly weak multiple-step 

imitative actions and three participants presented with significantly weak fine motor imitative 

actions. Perhaps these results are due to the advanced level of see-do discriminations involved. 

During the multiple-step responses, participants were required to imitate a chain of specific 

behaviors (e.g., clapping twice, followed by stomping once verses clapping once, followed by 

stomping twice). Likewise, during the fine motor responses, participants were required to make 

fine discriminations between finger usage (e.g., extending the pinkie finger verses the index 

finger).  

The presence and absence of bodily generalized imitation topographies prior to the onset 

of the study supports prior research that proposes that generalized imitation develops within 

topographically determined boundaries (Baer & Deguchi, 1985; Baer, Peterson, & Sherman, 

1967; Garcia, Baer, & Firestone, 1971; Poulson, Kyparissos, Andreatos, Kymissis, & Parnes, 

2002; Sherman, Clark, & Kelly, 1977; Young, Krantz, McClannahan, & Poulson, 1994). Prior 

research suggested that generalized imitation does not constitute a single all-inclusive response 

class, rather that generalized imitation may be comprised of distinct subclasses that are defined 

by the topography (e.g., form) of the imitative responses. With that said, the mirror intervention 

only had an effect on the emergence of mastery level generalized imitation for the specific 

imitative topographies that were missing and/or weak for specific participants. Specifically, the 

mirror intervention had an effect on the emergence of mastery level GI for multiple-step 
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imitation across all participants, for fine motor imitation for Participants E, G, and H, and for 

gross motor imitation for Participant G.  

Prior to acquiring mastery level generalized imitation across all targeted topographies, all 

four participants required four instructional sessions to master their assigned dressing skill. In 

addition, all four participants used only emulative behaviors to perform the behavior chains to 

complete the dressing skills. These emulative behaviors merely involved the participants 

performing self-determined behavior chains to obtain the goal (e.g., putting on and taking off 

articles of clothing) without regard to what behavior chains were just demonstrated by the 

experimenter. The emulative behaviors were often burdened with errors (e.g., placing a arm in 

the head-opening of a t-shirt, putting a foot in a shoe without first pulling out the shoe-tongue, 

putting a left arm in the right sleeve of a jacket, etc.).  

However, after acquiring generalized imitation to mastery level across all targeted 

topographies, each participant mastered his or her assigned dressing skill in less than 4 

instructional sessions. In addition, in contrast to pre-GI induction responding, all four 

participants significantly increased their emission of imitative responding and thus decreased 

their emission of errors when performing the dressing skills.  

These results suggest that the induction of the missing generalized imitation topographies 

accelerated each participant’s learning of dressing skills. Distinctively, the induction of the 

multiple-step and fine motor topographies may have had the most significant effect on the 

participants’ rate of learning dressing skills. Perhaps these acquired subclasses were beneficial 

because dressing skills require both chained behavior and fine motor dexterity.   

These results also suggest that the induction of the generalized imitation capability also 

affected each participant’s predisposition to imitate a model and thus learn more efficient 
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behavior chains (e.g., means of obtaining a goal). The participants’ emission of less efficient 

emulative behaviors after observing the model prior to acquiring mastery level generalized 

imitation seemed to have hindered the rate of acquiring a new dressing skill. However, the 

participants’ emission of more efficient imitative behaviors after observing the model following 

mastery level generalized imitation acquisition seemed to have accelerated the rate of acquiring a 

new dressing skill.  Perhaps the generalized imitation capability also facilitated the conditioning 

of the see-do response in relation to benefiting from observing a model and producing the goal.  

Lastly, the presence and absence of the generalized imitation capability across bodily 

topographies seemed to have little or no effect on block structure duplication and transcription 

repertories. There were not significant changes to any of the participant responding prior to and 

after the induction of generalized imitation across bodily topographies. Perhaps these results are 

not all that surprising based on the present and previous research regarding the notion that 

generalized imitation develops within topographically determined boundaries (Baer & Deguchi, 

1985; Baer, Peterson, & Sherman, 1967; Garcia, Baer, & Firestone, 1971; Poulson, Kyparissos, 

Andreatos, Kymissis, & Parnes, 2002; Sherman, Clark, & Kelly, 1977; Young, Krantz, 

McClannahan, & Poulson, 1994).  
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Chapter IV 

GENERAL DISCUSSION 

Summary 

In this paper I reported two experiments that examined the generalized imitation 

capability (GI) and its relation to other duplicative repertoires. In Experiment I, I tested the 

effects of a mirror intervention on the emergence of GI. In Experiment II, I tested the effects of 

the induction of GI on young children’s learning under demonstration conditions as well as the 

effects on their responding to other duplicative repertoires. I sought to answer the following 

research questions: 1) Can teaching young developmentally delayed children to imitate using a 

mirror lead to the emergence of a generalized imitation capability? and 2) What are the effects of 

the absence and presence of advanced GI on the rate of participant learning and responding after 

an adult provides a how-to demonstration? The following section will discuss: 1) the general 

findings of both experiments and propose theoretical explanations, 2) the relevant literature in 

relation to the study’s findings, 3) the educational implications of the findings, 4) the additional 

limitations found in Experiment II, and 5) the proposed directions of future generalized imitation 

research. 

Empirical Findings 

The combined results from both experiments demonstrated functional relations between 

mastering motor actions using a mirror and the emergence of generalized imitation across 

multiple bodily topographies (e.g., gross motor, fine motor, and multiple-step motor). The results 

of these experiments provide strong empirical evidence that teaching imitation using a mirror 

was an effective and efficient intervention for inducing GI in young children diagnosed with 
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developmental delays. Similar findings were found by Pereira Delgado, Greer, and Speckman 

(2009) and Du (2011).  

The analysis of GI acquisition prior to and following the mirror intervention was 

important for gaining a better understanding of how GI can be effectively induced when it is 

missing. What did the results reveal about the function of the mirror? As previously discussed in 

the Discussion of Experiment I, the effectiveness of imitation instruction using a mirror may be 

attributed to the fact that the mirror provided a means of enabling the participants to directly 

view the correspondence between their own behavior and the experimenter’s model.  

The mirror provided direct immediate feedback of the participants’ behavior in relation to 

the experimenter’s model even for imitative actions that would have had invisible endpoints in a 

face-to-face sitting arrangement. The visual reflection in the mirror provided a means for the 

participants to perform an immediate check-and-balance assessment to gauge whether or not 

their behavior had direct one-to-one correspondence with the experimenter’s model. This 

immediate feedback may have eliminated any difficulty that may occur when young children are 

required to imitate actions that they themselves cannot see themselves do (e.g., one cannot see 

his hand touch the top of his head). In addition, I propose that the mirror intervention may have 

also provided a conditioning intervention that conditioned see-do relations. During the mirror 

intervention the accurate reproduction of observed behaviors was systematically reinforced; thus, 

the experience of seeing-and-doing may have acquired conditioned reinforcement properties 

(Baer & Sherman, 1964; Greer & Speckman, 2009).  

Furthermore, the analysis of skill acquisition prior to and following the induction of 

generalized imitation was important for gaining a better understanding of how GI impacts the 

rate of skill acquisition when imitative skills may be elicited. The results of Experiment II 
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support the notion that the generalized imitation capability accelerates the acquisition of skills 

that can be acquired through imitation for children (such as the ones featured in Experiment II). 

The results of Experiment II showed that the four participants acquired novel dressing skills 

faster under how-to demonstration conditions after the acquisition of generalized imitation 

capabilities. Not only did the results show an accelerated rate of learning following the 

acquisition of GI capabilities, the results showed a significant increase in imitative behavior 

across all four participants. Specifically, an analysis of the results suggests that the acquisition of 

GI across fine motor and multiple-step topographies allowed the participants to benefit from 

observing a how-to demonstration with dressing skills instruction.  

 Although the four participants in Experiment II acquired a novel dressing skill with the 

presentation of a how-to demonstration and learn units prior to acquiring fine motor and 

multiple-step GI, I propose that the accelerated rate of acquisition that occurred following the 

induction of fine motor and multiple-step GI was due to the conditioning of see-do 

correspondences that were established during the mirror intervention.  

The significant emission of imitative behaviors following the termination of the mirror 

intervention as compared to the significant absence of imitative behaviors prior to the 

implementation of the mirror intervention provides empirical evidence that see-do 

correspondences were established during the mirror intervention. Prior to the mirror intervention, 

all four of the participants solely emitted emulative behaviors to complete the dressing skills and 

it appeared as though the participants did not use the how-to demonstration to their benefit. 

Meaning that prior to the implementation of the mirror intervention, the participants just did 

what they chose to do in order to perform the dressing skill without doing what the experimenter 

showed them to do, which provided them with the chain of behaviors to effectively perform the 
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dressing skill (e.g., emulated the experimenter’s actions as opposed to imitating the 

experimenter’s actions).  

However, after the termination of the mirror intervention, all four participants imitated 

the experimenter’s chain of behaviors to perform the dressing skill, which subsequently may 

have accelerated their rates of mastering novel dressing skills. Therefore, I propose that the 

mirror intervention that induced fine motor and multiple-step GI also conditioned see-do 

correspondences that promoted the emission of imitative behaviors as opposed to emulative 

behaviors in relation to seeing a how-do demonstration and then performing the task. Or in other 

words, I propose that the mirror intervention created a behavioral operation that inclined the 

participants to “do as the experiment did” during post-GI induction dressing conditions. Since 

the mirror intervention systematically consequated the act of correct imitating with 

reinforcement, perhaps the mirror intervention also conditioned the experimenter’s 

demonstrative actions as antecedents that promoted the participants’ imitative actions. In 

addition, the mirror intervention that involved intricate fine motor and multiple-step actions may 

have also trained the participants to carefully observe the experimenter’s actions in order to 

accurately imitate them.  

Anecdotal Observations  

Although data were not collected on observing behaviors like sustained eye contact 

toward the experimenter or duplicating behaviors like referencing the model, anecdotal 

observations noted changes involving observing and duplicating behaviors in participant 

responding after GI was induced for the missing topographies. While these anecdotal 

observations cannot be considered empirical evidence, they may further support the validity of 

the mirror intervention as well as further advocate the importance of generalized imitation. 
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Future research should measure specific observing and duplicating behaviors prior to and after 

the induction of GI to empirically test the anecdotal observations noted in this study.  

Specifically, anecdotal observations in Experiment II noted differences in how the 

participants responded to the presentation of the how-to demonstration after missing GI 

topographies were induced. Prior to the induction of GI across the missing topographies, I 

noticed that the participants needed to be prompted numerous times to watch my demonstration. 

Anecdotally, they showed little interest in what I was demonstrating and they were eager to just 

perform the dressing skill on their own. However, after the induction of GI across the missing 

topographies, I noticed that the participants patiently watched my demonstration and did not 

need prompts to follow along. Perhaps this was due to the possibility that the mirror intervention 

strengthened see-do correspondences in the participants’ instructional history. Perhaps the 

participants were more inclined to observe the how-do demonstration after being exposed to the 

mirror intervention, which positively reinforced numerous see-do correspondences.  

In addition, anecdotal observations in Experiment II noted changes in how the 

participants responded during the imitation probes prior to and after missing GI topographies 

were induced. Prior to the induction of GI across the missing topographies, I noticed that the 

participants rarely crosschecked their own response with my model. This lack of crosschecking 

was very apparent during the fine motor pre-intervention probes. For example, the pinkie 

extension target commonly mislead the participants to extend their index fingers. During the pre-

intervention probes, the participants did not carefully observe what finger I was extending and 

just simply extended their index finger, perhaps their most frequently used “pointer finger.” In 

general, there was a lot of confusion with discriminating between index finger, pinkie finger, and 

thumb usage during the pre-intervention probes. However, post-intervention probes showed that 
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the participants paid closer attention to finger usage and would repeatedly crosscheck their hand 

with my hand to be sure that they were using the correct finger.  

Furthermore, data were not collected on the number of times participants self-corrected 

their responses, but participants tended to self-correct more during the post-intervention imitation 

probes. Perhaps this was due to the fact that during the mirror intervention correct responding 

was followed by positive reinforcement, which may have conditioned the act of imitating in 

itself. Thus, perhaps participants were more inclined to imitate the model and emit correct 

responses during post-intervention probes because they were now self-reinforced by emitting 

responses that imitated the model. This newfound “appreciation” for imitating was very apparent 

during the post-intervention probes when the participants would praise themselves and seek 

praise from the experimenter (although the experimenter did not provide reinforcement during 

the probe conditions). Participants E and H had the most apparent anecdotal changes to their 

imitative behaviors during the post-intervention probes. Participant E was determined to match 

my model and would self-correct his fingers until he made the correct action. After each correct 

response he would smile and say, “See?” in an effort to seek my acknowledgment. Participant H 

would praise himself after each correct response (e.g., “Yeah, I did it!”).   

Relevant Literature 

 Defining generalized imitation as a verbal developmental capability. The results 

support the verbal developmental theory that generalized imitation is in fact a capability. By 

definition, a verbal developmental cusp is a capability if it allows one to learn in a new way upon 

acquisition of the cusp. The results of Experiment II showed that all four participants learned in a 

new way; following the acquisition of fine motor and multiple-step GI, the participants learned 



155 

 

by first observing a how-to demonstration and then emitting imitative behaviors, which was a 

new way of learning in comparison to the old way that involved emitting emulative behaviors. 

 The development of generalized imitation within topographically determined 

boundaries. Although this was not a purpose of Experiment II, the results of Experiment II 

support prior research that suggested generalized imitation does not constitute a single all-

inclusive response class, rather that generalized imitation may be comprised of distinct 

subclasses that are defined by the topography (e.g., form) of the imitative responses (Baer & 

Deguchi, 1985; Baer, Peterson, & Sherman, 1967; Garcia, Baer, & Firestone, 1971; Poulson, 

Kyparissos, Andreatos, Kymissis, & Parnes, 2002; Sherman, Clark, & Kelly, 1977; Young, 

Krantz, McClannahan, & Poulson, 1994). The presence and absence of bodily generalized 

imitation topographies prior to the onset of the experiment supports prior research that proposes 

that generalized imitation develops within topographically determined boundaries. Perhaps then 

it is justified to state that generalized imitation topographies develop separately and see-do 

relations need to be conditioned for each topography either incidentally or by intervention (e.g., 

the mirror intervention).   

 Generalized imitation mechanisms. Although an experimental analysis of the 

conditions that control and indirectly maintain GI was also not a purpose of the current study, the 

findings extracted from the study seem to support the conditioned reinforcer hypothesis. As 

previously reviewed, according to this analysis of GI, if the accurate reproduction of observed 

behaviors is frequently reinforced, the experience of seeing-and-doing eventually acquires 

conditioned reinforcement properties (Baer & Sherman, 1964; Greer & Speckman, 2009). Again, 

I propose that the mirror intervention functioned to condition the experience of seeing-and-doing 

for the specific missing topographies targeted. Furthermore, in Experiment II the conditioning 
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process in the mirror intervention seemed to have affected the participants’ inclination to emit 

imitative behavior chains (as opposed to emulative behavior chains) to perform a dressing skill.  

Educational Implications 

 The results provide empirical evidence for the highly advocated importance of 

generalized imitation in relation to child development. While theorists have emphasized the 

importance of duplicative repertoires for decades (Miller & Dollard, 1945), there is little 

empirical evidence that supports this notion. Specifically, there is a lack of research that 

investigates the effect generalized imitation has on learning. The present study not only presents 

data that supports an effective and efficient intervention to induce generalized imitation, it also 

presents data that generalized imitation results in accelerated imitative learning. I propose that 

the mirror intervention induces missing GI topographies and conditions see-do correspondences 

to establish the reinforcing properties of imitation. As previously discussed, generalized 

imitation is defined by a reinforcing property that is reinforcing in itself; after the experiences of 

seeing-and-doing become a conditioned reinforcer in its own right, individuals are then disposed 

to perform imitative responses for their inherent or automatic reinforcement value of perhaps 

doing as others do (Baer & Sherman, 1964; Greer & Speckman, 2009).  

 A lack of generalized imitation across multiple topographies may hinder children’s 

imitative learning by blocking the accessibility of educational opportunities that can be contacted 

via imitative behaviors. Caregivers and educators often deliberately and unintentionally provide 

how-to demonstrations regarding how-to perform tasks (e.g., how to open a door, eat with a 

utensil, dress, etc.). However, the results from Experiment II suggest that children who lack GI 

across multiple topographies may not benefit from educational opportunities that involve how-to 

demonstrations. From an educational standpoint, the results from Experiment II suggest that 
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inducing GI across multiple topographies in children may promote imitative responses after 

observing a demonstration, which may lead to accelerated learning.  

Limitations 

 The limitations that were found in Experiment I were discussed in the Discussion of 

Experiment I. Experiment II was designed to address and improve upon a number of the 

limitations in Experiment I. However, Experiment II may have had additional possible 

limitations.  

 One possible limitation of Experiment II may be that a single experimenter conducted all 

experimental conditions across all participants. While having a single experimenter may have 

resulted in methodological consistency and prevented issues related to a lack of experiment-

participant habituation (see Rothstein, 2010), it may have created behavioral operations that may 

have affected participant responding. The mirror intervention may have also conditioned the 

participants to be more inclined to imitate the experimenter. Systematically varying 

experimenters across experimental conditions would better investigate evidence of experimenter 

confounding variables.  

However, as discussed in the literature review, Steinman (1970b) conducted two 

experiments to determine whether an experimenter who is never paired with reinforcement 

during generalized imitation procedures will cease to elicit imitative behaviors. The results of the 

Steinman (1970b) study showed that the procedure of having different experimenters paired with 

either reinforcement or non-reinforcement had no effect on the participants’ imitative behavior. 

Steinman (1970b) concluded that it is possible that differential experimenter-response pairing 

procedures were not sufficient enough to overcome a child’s pre-experimental history regarding 
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compliance with adult commands. However, further research is warranted regarding possible 

experimenter effects during generalized imitation procedures.  

 Another possible limitation of Experiment II may be that the participants had unavoidable 

exposure to the dressing skills targeted outside of the experimental conditions. Although the 

experimenter was able was control for school exposure (the participants’ teachers were instructed 

not to provide any dressing skill instruction during the study), it was not possible to completely 

control for home exposure. Though participants may not have had the specific instructional 

procedures targeted during the experiment at home, it is reasonable to assume that the 

participants were exposed to their daily dressing routines at home. This uncontrollable exposure 

may account for why there was only a slight reduction in the number of instructional sessions 

post-GI induction as compared to pre-GI induction. However, it does not account for the 

substantial, significant increase in the emission of imitative behaviors post-GI induction as 

compared to pre-GI induction.  

 The real-life applicability of the possible results was a chief priority when Experiment II 

was conceived. Being a teacher-scientist, I not only wanted to induce missing GI topographies I 

also wanted to teach the participants relevant skills. However, from a scientific research 

standpoint, measuring a contrived skill involving how-to demonstrations (e.g., solving a novel 

puzzle box) may better control for confounding variables that may affect the outcome of the 

study.     

Lastly, a significant limitation in both experiments should be noted in the experimental 

designs. The effect of the mirror intervention was not isolated and an experimental control group 

was not imbedded in either experiment. Comparing the effects of the mirror to a control or 

alternate procedure was not the purpose of the study; nor was it the purpose of the Pereira 
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Delgado, Speckman, and Greer (2009) study. However, a more convincing effect of the mirror 

intervention may have been achieved if experimental control group(s) were imbedded in both the 

present and seminal studies.  

One of the purposes of Du’s 2011 study was to compare the effects of the mirror to an 

alternative procedure. Du (2011) imbedded an experimental control group in her second 

experiment and compared experimental and control groups of participants to determine the 

effectiveness of using a mirror to teach imitative behaviors on the emergence of generalized 

imitation.  The results showed that the mirror instruction facilitated the emergence of generalized 

imitation in all children in the mirror-trained group, while generalized imitation was not 

demonstrated by their matched controls who received the same amount of instruction without the 

use of a mirror (Du, 2011). 

Future Research 

 As mentioned in the aforementioned anecdotal observations, data were not collected on 

isolated observing and duplicating behaviors prior to and after the induction of GI. Future 

research should investigate observing behaviors like sustained eye contact toward the 

experimenter or duplicating behaviors like referencing the model and self-correcting. Measuring 

these behaviors may further contribute to research that investigates the see-do conditioning 

effects of the mirror intervention.   

 I propose that the induction of generalized imitation across bodily topographies may not 

have had an effect on block structure duplication and transcription repertoires because each 

repertoire is a part of separate response classes that require the conditioning of separate see-do 

relations either incidentally or by intervention. Based on the present and previous research, 

generalized imitation develops within topographically determined boundaries and therefore it is 
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not likely that the development or induction of a generalized imitation repertoire in one 

topography (e.g., fine motor) would have an effect on another topography (e.g., block structure 

duplication) (Baer & Deguchi, 1985; Baer, Peterson, & Sherman, 1967; Garcia, Baer, & 

Firestone, 1971; Poulson, Kyparissos, Andreatos, Kymissis, & Parnes, 2002; Sherman, Clark, & 

Kelly, 1977; Young, Krantz, McClannahan, & Poulson, 1994). Future studies should investigate 

the contingencies that develop as well as induce the duplicative repertoires of block structure 

duplication and transcription.  

 In addition, future studies should address and improve upon the limitations of Experiment 

II. Future research designs that systematically vary the experimenters across experimental 

conditions and measure contrived skills involving how-to demonstrations (e.g., solving a novel 

puzzle box) may better control for and investigate confounding variables.  

 The findings from the present study add to the previously existing research surrounding 

duplicative repertoires as well as warrant future research. Research investigating the effects of 

the mirror intervention has only thus far included young participants diagnosed with 

developmental delays. Expanding the research to young neuro-typical participants may lead to 

further inquiry of generalized imitation mechanisms and development.  

Conclusion 

 The findings from the two experiments reported in the present study have provided 

empirical evidence of an effective intervention to induce generalized imitation. These findings 

have theoretical and educational implications. For each participant in the study, the mirror 

intervention was an effective tool to induce forms of generalized imitation. Experiment II 

provided the essential empirical evidence to support the educational significance of generalized 

imitation. It may be the first experiment to provide this empirical evidence, as an exhaustive 
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literature review did not provide pre-existing empirical evidence that supports the educational 

significance of generalized imitation. Thus, further research is warranted and greatly encouraged 

to further advance the generalized imitation literature, theoretically and experimentally, in hopes 

of improving the educational opportunities of all children.  
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