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Abstract

Though we often teach manipulative imitation to children with autism , there is little evidence that this imitative skill then transfers to novel manipulations or novel objects. However, a generalized manipulative-imitation repertoire is important because generalized imitation leads to the acquisition of new skills, such as social and play skills. This study evaluates the necessity of training multiple imitative manipulations per object in order to establish generalized manipulative-imitation. 

The study took place in an Early Childhood Developmental Delay (ECDD) Preschool Classroom in a public special-education school in Southwest Michigan. Two groups were compared: One group consisted of ten children who received single-manipulation training, and another group consisted of two children who received some single-manipulation training and some multiple-manipulation training. 

The intention, with the multiple-manipulations training group, was to train two manipulations, rather than one, with the same object, to determine if such training would facilitate the acquisition of a generalized manipulative-imitation repertoire. Results showed that the generalized manipulative-imitation repertoires of the children in the multiple-manipulations training group were far superior to the repertoires of the children in the single-manipulation training group. However, within-subject comparisons of generalized imitation with one manipulation versus two manipulations per object failed to show a difference. This may have been due to within-subject interaction between the training of multiple-manipulations and single-manipulations. 
Establishing a Generalized Manipulative-Imitation Repertoire 
in Children Diagnosed with Autism 

Imitation is an important skill taught to children with autism and occurs when “the form of the behavior of the imitator is controlled by similar behavior of the model” (Malott, 2008 p. 241). It is assumed that once imitative behavior has been reinforced, then children may show a generalized imitative repertoire. Generalized imitation is defined as “imitation of the response of a model without previous reinforcement of imitation of that specific response” (Malott, 2008 p. 242). In other words, when a child is shown a novel imitative response, the child will imitate that response without previous training. However, those unreinforced, generalized imitative responses will only occur if other, previously learned imitative responses have been reinforced. One theory, (Malott, 2008) of generalized imitation credits “imitative reinforcers” for automatically reinforcing generalized imitative responses and thereby maintaining those imitative responses, even though they may never receive any other sort of reinforcement. Imitative reinforcers are “stimuli arising from the match between the behavior of the imitator and the behavior of the model that function as reinforcers” (p. 250). This match becomes a learned reinforcer because it has frequently been paired with the delivery of the reinforcer that was contingent on correct imitative responses. The imitator sees and feels his/her behavior match the model’s behavior, and that imitation automatically produces visual and proprioceptive reinforcing stimuli.  

Generalized imitation is an important skill for children with autism to attain because: (a) imitation leads to the acquisition of other behaviors (Ingersoll & Schreibman, 2006; Lovaas, 1981; Peterson & Whitehurst, 1971; Young et al., 1994) and children who do not imitate have difficulty learning appropriate behavior (Malott, 2008).  These “other behaviors” that are acquired through generalized imitation include social, verbal, and intellectual skills. (b) Generalized imitation is also a critical pre-requisite skill that is required in order to benefit from certain types of prompts, such as modeling (Leaf & McEachin, 1999; MacDuff et al., 2001). Modeling, when used as a prompt, is critical because it allows the child to acquire new skills without the intrusiveness of physical prompting. The ideal learning scenario occurs when a teacher models a new behavior for the child and the child immediately imitates that new behavior without additional prompting. 

Types of Imitation


The three forms of imitation include vocal imitation, which is the imitation of sounds and words, physical imitation (also referred to as pantomime imitation or motor imitation) which is the imitation of body movements, and manipulative-imitation (also referred to as toy-play imitation) which is imitation of object manipulation.  The remainder of this paper will focus on identifying the key variables in developing a generalized manipulative-imitation repertoire in children with developmental delays, specifically autism. 
Manipulative-imitation. Manipulative-imitation, imitation of object manipulation, is an important imitative skill for all children. For example, imitating the behavior of a model will facilitate the learning of playing with toys appropriately by imitating play behavior of peers. In addition to appropriate toy play behavior, children and adults acquire new manipulative skills through imitation, such as how to hold a hammer, and how to type an email. It is especially important for all children to establish a generalized manipulative-imitation repertoire because they must learn that objects can be used in several ways. Burgess et al. (1970) and Young et al. (1994) said generalized manipulative-imitation occurs when novel object manipulations are developed before direct shaping is involved and unreinforced object manipulations are maintained as long as other object manipulations are reinforced. 
Teaching Imitation

There is a limited amount of literature discussing methods for training generalized imitation, including generalized manipulative-imitation. One study that addressed the notion of training multiple-manipulations to acquire generalized imitation was Young, et al. (1994). The authors attempted to demonstrate that training specific response topographies, within each of the three types of imitation (manipulative-imitation, physical imitation and vocal imitation), would facilitate generalization between imitation types. During training, all three types of imitation were trained using multiple examples; however, each manipulation consisted of actions within a sequence of a response. For example, multiple examples with a stuffed animal in the study consisted of “hugging the animal to the chest with both arms and twisting from side to side”. By contrast, typically this “hugging” response would be considered one manipulation rather than an example of “multiple” manipulations as described by Young, et al(1994). Therefore, it could be argued that this study went against the notion that multiple-manipulations should be trained, per object, in order to facilitate a generalized imitation repertoire. Nonetheless, the purpose of the study was to determine whether imitation would generalize across response types of imitation. For example, would manipulative-imitation generalize to physical imitation? It was demonstrated that imitation generalized within a response type, but it did not generalize across response types. Additionally, Young et al. (1994) point out that the number of manipulations required during training, in order to establish generalized imitation, is still unknown because this study used three imitative classes and did not obtain between class generalized imitation.

There are a variety of strategies, supported by the principles of behavior, used to teach children with autism to imitate. However, there is little rationale and/or research to support these various strategies. The most frequently used components in teaching children diagnosed with autism to imitate include the establishment of pre-requisite skills, the use of a specific discriminative stimulus, the use of prompting and prompt fading, and teaching discrimination. In the present study, the teaching strategy that is investigated includes teaching discrimination. More specifically, the question was posed regarding how to more reliably get generalized manipulative-imitation using discrimination training.  

Discrimination. Green’s (2001) description of discrimination is relevant to teaching children with autism to imitate manipulations of objects because when the tutor says “Do this”, along with a model of pushing the car back and forth, (the antecedent stimulus), the child must match the tutor’s behavior by also pushing the car back and forth (the response) which will result in receiving a reinforcer (the consequence). If the child were to tap the car on the desk immediately after the tutor modeled pushing the car back and forth, then the child would not receive the reinforcer. In order to ensure that the child’s imitative response is controlled by the tutor’s model of the response, and not simply on the presence of the toy, the child should be taught at least two different imitations with the same toy. Teaching two different imitative responses at the same time, and randomly rotating the two responses, requires that the child attend to the modeled manipulations before consistently receiving reinforcers. For example, teaching only one imitation when the car is presented (e.g., push the car back and forth) may be detrimental because, each pushing response will be reinforced, regardless of the manipulative behavior of the model. Therefore, the child would never need to attend to the tutor’s behavior in order to make a reinforced response. In other words, teaching at least two different manipulations with the same object (e.g., the car) would require the child to attend to the tutor’s behavior of manipulating the car. 
Study 1: Evaluation of Current Classroom Procedures; 

Training One Manipulation Per Object 


It was suspected that the lack of discrimination training during manipulative-imitation instruction was such a substantial problem that it was hindering the establishment of a generalized manipulative-imitation repertoire in the study’s classroom setting. Without discrimination training, it was unclear whether the child’s manipulations were simply under stimulus control of the object (e.g., the car vs. the doll) or imitative stimulus control of the tutor’s modeled manipulation (e.g., rolling vs. jumping the car). In order to determine how wide spread this problem was, preliminary data were collected. 
Method
Setting
This study took place in an Early Childhood Developmental Delay (ECDD) classroom in a public special education school in Southwest Michigan.  The classroom was the first of three classrooms that constituted the Autistic Impaired (AI) preschool program. About fifteen children were in the classroom at any one time, and attended school year-round. Their ages ranged from18-months to 5 years.  Typically these children attended the program for three hours per day, five days per week.  

The classroom was also the setting for the Autism Practicum offered through Western Michigan University’s (WMU) Psychology Department. Undergraduate and graduate students learned how to implement discrete-trial training with the children in the classroom. Typically undergraduate students from WMU were the only ones implementing one-on-one discrete-trial training with the children. They were supervised by experienced second-year MA or PhD students. 

Children

A child was selected for this study based on the criterion that the child must have completed manipulative-imitation training with nine manipulations involving a different toy for each manipulation. A manipulation was considered completed based on the mastery criteria of three consecutive ten-trial sessions at 80% accuracy or greater, or two consecutive sessions at 90% accuracy or greater. For example, the tutor would model pushing a car back and forth, hugging a doll, or talking on a phone (see Appendix A. for details).  The ten children who met these criteria were the children in this study. 

As was the standard procedure in this classroom, these children were not tested prior to manipulative-imitation training for independent object manipulation either with the trained manipulations or with the manipulations used in generalization testing. 
Procedure


Training. Prior to the generalization assessment, which constitutes this study, each child had been trained using the following standard procedure for this classroom: Initially the children were trained simultaneously with two different toys (e.g., a car and a doll).  The child was trained to imitate one manipulative response modeled by the tutor for each toy. Once the child met mastery criteria for those two toys then a third toy, with its corresponding manipulation, was added. The tutor would then model the manipulative responses for all three toys, but only record data on the most recently introduced toy. Then, once the child met mastery criteria for these three toys, a fourth toy with its corresponding manipulation was added. Again, the tutor modeled the manipulative responses for all four toys, but only record data on the most recently introduced toy. This sequence would continue until all nine toys were randomly rotated during a ten-trial session. The procedure was considered mastered once the child appropriately manipulated all nine toys at the mastery criteria. 


Testing. After meeting a criterion for completion of this training, from five to twenty sessions of over training on that procedure were given, with this overtraining taking place during one to three extra weeks.


Within one to four weeks of completion of overtraining, testing was done to determine how well the child’s manipulative-imitation repertoire had maintained and to determine whether their repertoire had generalized to untrained toys and manipulations. This testing was done by presenting the original nine models of trained manipulations, with their corresponding objects, and also models of novel combinations of trained manipulations and objects (e.g., instead of rolling the car and talking on the phone a novel combination would be “talking” on the car and putting the phone on your head) (see Table 1). 

Trained manipulations and novel manipulations were tested for each object before going on to the next object. For example, the experimenter modeled the action “push the car” then modeled the action “talk on the car” (holding the car to ear like a phone) before moving on to the next object, the doll.  All of the testing was done in extinction, so reinforcers were not given for correct responses and corrections were not given for incorrect responses. Eighteen trials were conducted during testing, which included one trial for each manipulation.      
	Table 1
	
	

	Training and Testing Manipulations
	 

	Stimuli
	Trained Manipulations (Training)
	Novel Object/Manipulation Combinations                        (Testing) 

	
	
	

	Car
	Push the car
	“Talk” on the car

	
	
	(put car to ear)

	Doll
	Hug the doll
	Push the doll

	
	
	(like a car)

	Bottle & Doll
	Feed the doll with the bottle
	Brush hair with the bottle

	Hat & Doll
	Put the hat on the doll
	Put hat on your head*

	Book
	Read the book
	Tap the book on the table*

	Blocks
	Stack the blocks
	Put the blocks side by side*

	Toy Phone
	Talk on the phone
	Put the phone on your elbow*

	
	(put phone to ear)
	

	Hairbrush & Doll
	Brush the doll’s hair
	Touch hairbrush to your nose*

	Peg & Pegboard
	Put the peg in the hole
	Roll the peg on table*
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There were three ways the children could have responded for each manipulation modeled by the experimenter: (a) “Responding without a model” indicated that the child manipulated the object appropriately, before the experimenter modeled the action. This opportunity to respond independently was given by presenting each of the objects, one at a time, on the child’s desk for three seconds before the manipulation was modeled. This was done to assess whether the child would do the trained manipulation independent of the model’s behavior, thereby indicating that the behavior was under the stimulus control of the object and possibly not imitative stimulus control. The opportunity to respond before the manipulation was modeled was only provided for manipulations that had previously been trained during the initial manipulative-imitation training sessions and not for the novel manipulations. (b) “Independent response with a model” meant that, without prompting, the child independently manipulated the object in a way that had just been modeled by the experimenter. A response was marked as an “independent response with a model” only if it had not previously been manipulated without a model (“responding without a model”). (c) “Prompted response with a model” meant that the child required some sort of physical prompting in order to make the modeled response. These responses were prompted to make sure the children were engaged with the testing and so the children could make a correct response. The prompted data, however, were not reported. 

To demonstrate imitative stimulus control, the child would imitate the model’s trained manipulated of the toy. To demonstrate generalized imitative stimulus control, the child would imitate the model’s novel manipulation of the toy.

Results


Nine of ten of the children manipulated at least one of the nine mastered objects prior to the experimenter’s model of the manipulation (making a “response without a model”). Seven of ten of the children manipulated at least 50% of the objects prior to the model (Fig. 2). Therefore, it is not clear if they had acquired manipulative imitation for those objects. Therefore mastery of their manipulative-imitation procedure, may often have produced the skill of manipulating objects rather than the skill of imitating a model’s manipulation of objects. Seven of ten of the children responded independently to only five or fewer of the novel imitations, and children 9 and 10 were unable to imitate any novel actions.  In other words, those two children did not demonstrate a generalized manipulative-imitation repertoire. 

On the other hand, child 1 was able to imitate all of the novel actions, thereby demonstrating an excellent generalized manipulative-imitation repertoire. Eight of the ten children demonstrated some generalized manipulative imitation. However, because the children had not been tested for generalized manipulative imitation, prior to their training, it is not clear the extent to which they had that skill before imitation training. But it is clear that the current procedure is inadequate to reliably train manipulative imitation for most, if not all, of the children. 
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As the first bar in Figure 2 shows, on average, for nearly 60% of the test trials with the trained manipulations, the children properly manipulated the object prior to the models manipulation of the object. So only 40% of the test trials with the trained manipulations were available for the children to demonstrate manipulative imitation; and they did demonstrate this imitation on 60% of those available trials (second bar of Fig. 2). A combination of these data show that the children were able to do the proper manipulations of the relevant toys on about 84% of the trials, though it is not clear how much of this resulted from the training procedure and how much resulted from prior training. In addition, the children showed generalized imitation on 40% of the trials with novel manipulations (third bar of Fig. 2), though, again, it is not clear how much of this resulted from the training procedure. 

[image: image2.emf]0

20

40

60

80

100

Mastered Manipulations

without a Model 

Mastered Manipulations given

the Opportunity to Respond

Generalized Novel

Manipulations with a Model 

Percentage Correct


[image: image6.emf] 

 



There is considerable variability among the 10 children in terms of the number of trials to mastery of the manipulative imitation procedure (Fig. 3). The correlation between the number of trials to mastery and the percentage of generalized manipulative-imitations is r = -0.56 (Fig.4). It may be that the children’s skills at generalized manipulative imitation (either acquired before or during this training) facilitated their acquisition of novel manipulative imitations; or it may be that both rate of acquisition and generalization of imitation are a function of a third factor. 
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Discussion


Although all 10 of the children in this study had mastered all 9 of the manipulations previously trained, and although the majority of the children maintained most of those manipulations after training, the majority of those children failed to demonstrate generalized manipulative imitation on most of the novel combinations of familiar objects with familiar or similar manipulations. But, for the children to benefit maximally from the imitation training that is a component of nearly all early behavioral intervention programs, it is crucial that those children acquire generalized imitation and not just the specific imitations trained. In the case of manipulative imitation, it is essential that the child’s behavior be under the stimulus control of the model’s behavior and not just the object being manipulated. Getting stimulus control by the model’s behavior might be facilitated by not reinforcing manipulations prior to the model’s manipulation of the object (informally observed prior to this study) and by training the imitation of two or more manipulations on some of the objects.

Furthermore, the prevention of unnecessary training might result from assessing the child’s imitative repertoire before starting training and by probing for generalized imitation throughout training. On the other hand, probing for generalized imitation during training might prevent the premature termination of the imitation training. 

Study 2: An Experimental Analysis of the Use of Multiple-Manipulations Per Object in Achieving Generalized Manipulative Imitation  
In Study 1, training single manipulations per object failed to produce reliable generalized manipulative imitation with preschool children diagnosed with autism. Perhaps the children’s behavior was under the stimulus control of the objects being manipulated and not the manipulative behavior of the model. In that case, the training procedure would be unlikely to establish generalized manipulative imitation. However, training with multiple manipulations with some of the objects should result in stimulus control by the behavior of the model, as well as stimulus control by the object, itself, and should, therefore, be more likely to establish generalized manipulative imitation. Therefore, this study used a training procedure involving multiple manipulations with some of the objects.

Method

Setting 

The setting for study 2 is the same setting as in study 1. 
Children
 
Two children were selected for this study. They had an attending repertoire, did not have a strong imitation repertoire, and they had no previous imitation training. Ashley was 2 years and 6 months old at the start of the training and had been enrolled in the classroom for one month. Tony was 2 years and 7 months old and had been enrolled in classroom for three months. 
Materials 

The materials consisted of ten objects: matchbox car, plastic doll, plastic toy phone, straw doll hat, story book, plastic drinking cup, toothbrush, plastic hammer, two, wooden square blocks, and paper napkin.
Identification of Reinforcers 


Twice per week each child participated in reinforcer assessments for tangible  reinforcers (objects and toys) and edible (food and drink The reinforcer assessment for tangible reinforcers took place in a toy area within the classroom. The toy area contained a wide variety of toys the child might have chosen by freely sampling the toys. The child could play with a chosen toy for approximately ten seconds, then that toy was placed in the child’s reinforcer bin (each child in the classroom had a reinforcer bin that held all of that child’s tangible and edible reinforcers). The child was then given another opportunity to sample the selection of toys until he or she chose approximately seven toys. The reinforcer assessment for edible reinforcers took place in the child’s booth (work station). The child had the opportunity to choose between several foods and drinks by sampling the item for approximately ten seconds, as in the tangible reinforcer preference assessment, then that edible item was placed in a baggie and added to the reinforcer bin. Approximately, three to five edible reinforcers would be chosen. Then, because children’s preferences change frequently, prior to each training session, an array of approximately five toy and five edible reinforcers (from the previous assessment session), were put on the desk in front of the child. Then, a brief multiple-stimulus assessment without replacement (MSWO) (DeLeon & Iwata, 1996) was conducted to identify the three most highly preferred items. The item (either tangible or edible) that was selected first was used as a reinforcer for that session. If during the procedure the edible or tangible reinforcer lost its reinforcing value (i.e. the child pushed the tangible reinforcer away or did not eat the edible reinforcer) then another MSWO was conducted.  

Procedure

Pre-training testing. Each child was tested to determine whether he or she demonstrated an imitative object-manipulation repertoire. All ten objects (previously listed in the Materials section) were tested with two different manipulations. Therefore, a total of twenty manipulations were probed, which included the manipulations that the children received training on. During pre-testing, the experimenter modeled an action with an object (e.g., push the car across the desk) while simultaneously saying, “Do this”. The child’s response was recorded as either: (a) a “response without a model” which signified that the child made the correct response prior to the experimenter’s model of the correct response, (b) an “independent response with model” which signified that the child made the correct response independently after the experimenter’s model of the correct response, or (c) a “prompted response with a model” which signified that after the experimenter modeled the correct response, prompting was required in order for the child to make the correct response. A least-to-most prompting hierarchy was used throughout the testing session; therefore, the child was given 2-3 seconds to respond independently after the model was shown. Then, if the child did not respond within that time period, the experimenter provided a gestural prompt while simultaneously modeling the action.  Again, if the child still did not respond with the added gestural prompt within 2-3 seconds, the experimenter added a partial physical prompt while once more simultaneously modeling the action. Lastly, if the child still did not respond within 2-3 seconds, the experimenter provided a full physical prompt, while simultaneously modeling the action.  


The experimenter then modeled a different action with the same object (e.g., jump the car on the desk) while simultaneously saying, “Do this”, and again recorded the child’s response as described previously.  The experimenter followed this format for all ten objects. Neither child manipulated any of the toys or showed manipulative-imitation. 
Imitation training. Both children were assigned the same three objects (car, doll, and phone) to be used during imitative object manipulation training, in keeping with the criterion that the children imitated neither of the two modeled actions with these objects during pre-testing. For each child, imitation of object manipulation was trained by modeling two different manipulations using one object, and by modeling only one manipulation for the other two objects. For example, Tony was trained to imitate two manipulations with the car (pushing the car across the desk and jumping the car on the desk), but he was trained to imitate only one manipulation with the doll (hug the doll) and the phone (talk on the phone). Ashley was also trained to imitate manipulations in that way; however, the objects and their corresponding actions were rotated so that neither of the children was trained to imitate two actions with the same object. For example, Ashley was trained to imitate two actions with the doll (hug the doll and kiss the doll), but she was only trained to imitate one action with the car (push the car) and the phone (talk on the phone).  

Before each session the experimenter conducted a prompting probe trial using a least-to-most prompt hierarchy to determine the level of prompting needed to achieve a correct response. A prompting probe trial was conducted for each of the three objects. During the prompting probe trial, in order to avoid extinction effects, a reinforcer was provided for both prompted and unprompted responses. During training, the experimenter started with the prompt level that was needed during the prompting probe trial for each object and its corresponding manipulation. Then, the experimenter conducted five trials of each object using the level of prompting that was required to evoke a correct response in the initial prompting probe trials. In other words, during each session, four prompting probe trials were run (one probe trial for each of the four manipulations) and twenty training trials were run (five training trials for each of the four manipulations). 


It should be noted that the intrusiveness of the prompting varied from child to child. In other words, a full physical prompt for one child may be more intrusive than a full physical prompt for another child. For example, when initially training the response of jumping the car with Tony, a full physical prompt required placing his fingers around the car to make a grasping response while simultaneously pulling the car into the air to make a jumping response. On the other hand, Ashley did not require additional full physical prompting to grasp the car. 


During imitation training, the child was required to be looking at either the model or the object to be manipulated prior to the experimenter’s modeling the response. Strategies for achieving this varied depending on how the child responded. For example, the experimenter might have begun by saying the child’s name. If the child did not look upon hearing his or her name, then the experimenter held the imitation object in the child’s line of vision until the child visually tracked the object as it was being moved  back and forth. Once the child looked at the object, the experimenter manipulated it for that trial. Trials did not begin until a child was looking at either the experimenter or the object. 

Additionally, the children were never given the opportunity to respond before a model was provided. For example, the experimenter would model the manipulation (pushing the car) with her car, and then she gave the child his or her car once the initial model was completed. Therefore, there were no instances when the children’s behaviors of manipulating the object prior to the experimenter’s model were reinforced.

Training was continued until each of the four manipulations had met 80% mastery criterion (i.e., the child had, at some point, gotten at least four out of five, 80%, correct for each manipulation). However, the child was not required to meet this criterion for each of the four imitations in the same session.


Generalization probing.  Generalization probing was done during manipulative-imitation training to determine how much generalized manipulative-imitation each child had acquired throughout the training sessions. Probes were conducted for each of the three objects once the child met 80% (or greater) independent responding for each of the objects and their corresponding actions. 

Probing consisted of novel actions modeled by the experimenter, with each of the three objects. The probed actions included: car – put the car on your head, doll – stand the doll on the desk, and phone – put the phone on your tummy. When the probe criteria was met (80% correct imitation), the experimenter would intersperse three probe trials randomly within the five training trials. Therefore, a total of nine trials were conducted for each object when probe trials were conducted. 

Imitation post-training testing. After a child had mastered a set of manipulative imitations, the experimenter ran one session of post-training testing to determine how much generalized manipulative-imitation that child had acquired. These tests were the same as the pre-training tests with the same objects and manipulations. As in the imitation pre-training testing, all ten objects were tested with two different manipulations, including the manipulations the child had been trained on. To be considered to have obtained a generalized manipulative-imitation repertoire, the child needed to respond correctly and independently on 80% (sixteen out of twenty) of the post-training testing trials.
Results & Discussion
Multiple Manipulation Training
The children participating in multiple-manipulations training acquired a generalized manipulative-imitation repertoire, upon the completion of imitation training. Ashley acquired generalized manipulative imitation after mastering one set of three  objects and four manipulative-imitations, and Tony acquired generalized manipulative imitation after three sets of training (with a total of three objects and six manipulations). This is in comparison to children in Study 1, who received single-manipulation training with a total of nine objects, and for whom only one child, of these ten children, demonstrated a complete generalized manipulative-imitation repertoire. 

Ashley

 During pre-testing, Ashley independently imitated 25% of the model’s manipulations (first column of Fig. 5); therefore, she had not demonstrate a general manipulative-imitation repertoire. Then, after meeting the 80% mastery criterion during manipulative-imitation training for each of the objects (car, phone, and doll), Ashley’s generalized imitative responding rose to 82% (third column of Fig. 5). 

The 25% pre-training test score included a total of twenty manipulations. During pre-training testing, Ashley did not demonstrate independent responding for the following four manipulations: hug the doll, kiss the doll, push the car, and talk on the phone. Therefore, these were the four manipulations on which she received training. She acquired those imitative skills quickly, having met the 80% mastery criterion for each of the four manipulations by the eighth session. Then generalization probes were conducted, interspersed throughout the next four training sessions (note that a ‘push the car’ generalization probe was accidentally conducted a session early). These generalization probes consisted of novel manipulations with the three trained objects (the dotted lines in the second column of Fig.5). For example, Ashley was trained on ‘push the car’ and the generalization probe for the car was ‘put the car on your head’ (a manipulation that had not received previous training). The generalization probe data for Ashley show no more generalization to novel responses, trained with objects that had received multiple manipulation training, than with objects that had received single-manipulation training.  In fact, the generalization probes showed that Ashley demonstrated considerable generalized manipulative-imitation with all three objects, regardless of the number of manipulations trained with each of those objects. 

Ashley’s post-training test showed 82% independent imitative responding with generalization to novel objects and novel manipulations in contrast to 25% independent imitative responding before training began. (Note that although the post-training test included the four trained manipulations, those manipulations were not included in the post-training test percentage). These results, along with the pre-training test percentage of imitation, the acquisition of responding for the trained manipulations, the generalization probe sessions, and the post-testing percentage of responding are depicted in Fig. 5.  In some sessions, Ashley made no independent responses, in which case the percentage of correct responses were recorded as zero (this is also the case for Tony’s responding, Fig. 6). For example, this was the case for the first seven sessions of hug the doll (Fig. 5). The generalization probes are depicted in the Fig. 5 for all four manipulations. It should be noted that the generalization probes for ‘hug the doll’ and ‘kiss the doll’ are the same and, therefore, only shown with ‘hug the doll’ manipulations. (this is also the case for multiple-manipulations per object for Tony, Fig. 6). It should also be noted that incorrect responses for generalization probes were non-responses rather than responses that did not match the model’s manipulation of the object (this was also the case for Tony’s incorrect responding during generalization probes). 

[image: image10.emf]0

10

20

30

40

50

60

70

80

90

100

Hugging Kissing Talking Feeding Jumping Pushing

Percentage Correct

[image: image11.emf]0

20

40

60

80

100

Mastered 

Novel 

Mastered 

Novel 

Mastered 

Novel 

Mastered 

Novel 

Ashley Tony 1 Tony 2 Tony 3

Percentage Correct

Response with a  model

Response without a model


Tony

 During the imitation pre-training test Tony only independently imitated one of the twenty responses (see the first column in Fig. 6). During the pre-training test, Tony did not demonstrate independent responding for the following six manipulations: hug the doll, kiss the doll, feed the doll, push the car, jump the car and talk on the phone. Therefore, these were the six manipulations he received training on. 

Training Set One. Once Tony met the 80% criterion for manipulative-imitation training with the push the car, jump the car, talk on the phone, and hug the doll (see the second column in Fig. 6), he failed to show substantial generalized imitation of novel responses with the trained objects (see the dotted line data points in the second column of Fig. 6). His generalized imitation rose to only 19% (see the third column in Fig. 6). Therefore, we trained with a second set of manipulative-imitations.

Note that the ‘push the car’ response fell to 0% accuracy at the end of training set one, as ‘jump the car’ responses rose to 100% accuracy. These two responses began interfering with one another, as Tony’s responding came to consist of a blend between pushing the car and jumping the car. 

Training Set Two. The second set of trained imitations consisted of two manipulations with the doll (hug the doll and kiss the doll) and still one manipulation with the phone (talk on the phone). ‘Hug the doll’ was one of the manipulations, which had already been trained in the first training session, and ‘kiss the doll’ was a newly introduced manipulation.  Again, Tony did not demonstrate any generalization with the trained objects to novel manipulations (as indicated by the generalization probes in column four of Fig. 6). However, it should be noted he did look at the model on each generalization probe. However, in all cases he either made an incorrect response, or simply looked at the experimenter and made no response. 

Once Tony met the 80% mastery criterion for this new manipulation, a second manipulative-imitation post-training test was conducted in order to determine if generalized manipulative-imitation had been acquired (fifth column in Fig. 6). But, again, Tony did not demonstrate generalized manipulative-imitation; instead he independently imitated only 13% of the imitations. However, he did acquire the novel manipulation (kiss the doll) more quickly than he had acquired the previously learned manipulations. During the first training session, on average, Tony met the 80% criterion on the seventeenth session in comparison to the second training set for which Tony met the 80% criterion on the sixth session.  His behavior was still not generalizing to novel manipulations with familiar objects, therefore, we conducted a third training set (sixth column in Fig. 6). 

Training Set Three.  The third training set included two manipulations with the car (which were re-introduced from the first training set) and three manipulations with the doll, including the new manipulation of feeding the doll (putting your finger to the doll’s mouth as if it were a bottle). A third novel manipulation was added to the training with the doll in order to determine if we could obtain response generalization once Tony had been trained to independently imitate three manipulations (hugging the doll, kissing the doll and feeding the doll) with one object (the doll). This third training set was the only one to include all multiple-manipulations on each object; the phone, with a single-manipulation, was not included.  This third novel manipulation, feed the doll, was acquired in only one training session, in contrast to seventeen sessions for the first training set and six sessions for the second training set. 

Upon meeting the mastery criterion of 80% in the third training set, a third post-test was conducted with the novel manipulations and objects (the seventh column in Fig. 6). This third post-test showed that Tony had acquired a generalized manipulative-imitation repertoire. Tony achieved 81% accuracy on this third post-training test of generalized manipulative-imitation, in contrast to the other post-test scores of 19% and 13%. 
The first two sets of generalization probe trials, conducted during training set one and two, did not show any generalization. Yet, the third set of generalization probe trials showed a substantial amount of generalization. In other words, the third set of generalization probe trials showed that Tony demonstrated considerable generalized manipulative-imitation with all three objects. Note that training set two did not include any manipulations with the car, and the car manipulations were not clearly discriminated at the end of training set one. However, he performed well with the car manipulations during the third post-training test, and this good performance would seem to be due to the generalization of his manipulative-imitation repertoire. And, as with Ashley, although, there were no differences in generalized manipulative imitations between the objects trained with a single-manipulation and those trained with multiple-manipulations, Tony also did acquire a generalized manipulative-imitation repertoire.
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Multiple-Manipulations Training Participants

In this within-subject analysis it was anticipated that training two manipulations per object was crucial in producing an increase in a child’s generalized manipulative-imitation repertoire. It was predicted that training two manipulations per object would require the child’s responding to be under imitative stimulus control of the model’s behavior rather than simply under the stimulus control of the presence of the object. Therefore, gaining true imitative stimulus control would facilitate the acquisition of a generalized imitation repertoire. However, for both children, there were no clear differences in generalization between the objects that received single-manipulation training and the objects that received multiple-manipulations training. It is possible that both children acquired generalized manipulative-imitation on the basis of the multiple-manipulations training with some objects, and it was that training which resulted in generalized manipulative-imitation to the novel responses that had received only single manipulative-imitation training. Once generalization occurred it spread across all objects and manipulations therefore making it difficult to discern whether or not additional manipulations contributed to the generalization. Ashley displayed ceiling effects in her responding, meaning she demonstrated generalized manipulative-imitation during post-testing with novel objects and manipulations after a minimal amount of imitation training. Therefore, it cannot be determined whether training two manipulations with the doll, in comparison to training only one manipulation with the car and the phone, facilitated generalization of novel manipulations for Ashley. Overall, Tony was trained on two manipulations with the car, three manipulations with the doll, and one manipulation with the phone. However, there were no differences in the amount of generalization between these trained objects.  
These results are contrary to our expectations and may point to the limitation in the within subjects design as the acquisition of generalized imitation may have interfered with detection of a difference between multiple-manipulations and single-manipulations per object. A group design may be more appropriate to compare differences in the acquisition and establishment of a generalized manipulative-imitation repertoire. The differences between children who received single-manipulation training and the children who received multiple-manipulations training will be described below.  

Single-Manipulation versus Multiple-Manipulation Training Participants

 There were several differences between the single-manipulation training group, from Study 1 and the multiple-manipulations training group, from Study 2. The most salient differences include: (a) the training of multiple-manipulations, for some of the objects, for one group versus the training of only single-manipulations, for all of the objects, for the other group, (b) the use of most-to-least prompting, and the reinforcement of prompted responses, for the multiple-manipulations training group versus the use of least-to-most prompting, and no reinforcement for prompted responses, for the single-manipulation training group, and (c) the extinction of reinforcement for correct manipulations made prior to the model for the multiple-manipulations group versus the informally observed reinforcement of correct manipulations made prior to the model’s manipulation for the single-manipulation group. 

Percentage of Generalized Manipulative-Imitation Acquired
There was a substantial increase in generalized manipulative-imitation demonstrated by the children who received multiple-manipulations training compared to the children who received single-manipulations training. The differences between the overall percentages of generalized imitation demonstrated, for each child, upon the 

completion of manipulative-imitation training is shown in Fig. 7. 



Trials to Mastery
Although Tony needed more training sessions than Ashley to acquire generalized manipulative-imitation, both children acquired generalized manipulative- imitation in fewer number of trials than most of the children who received single-manipulation training. All but two of the children who received single-manipulation training were given considerably more training trials than those with the multiple-manipulation training, but they achieved considerably less, if any, generalized manipulative-imitation, as a result. Also the multiple-manipulations training involved only three objects for manipulation, whereas the single-manipulation training involved nine objects. 



Prompting Strategies 

The single-manipulation training group received least-to-most prompting with no reinforcement of prompted responses; whereas the multiple-manipulations training group received most-to-least prompting with reinforcement of prompted responses. The prompting strategy used during training might impact the rate of acquisition of each manipulative-imitation; so the prompting strategy is confounded with the number of manipulations per object. However, there is no reason to think the prompting strategy would affect the amount of generalized manipulative-imitation once the original manipulations were mastered.  

Reinforcing versus Extinguishing Responding Prior to the Model 
With the multiple-manipulations training group, the experimenter extinguished responses made prior to the model’s demonstrating the correct response. This might have made it more likely that the children’s behavior would come under the stimulus control of the model’s behavior and thereby under better imitative stimulus control, than simply under the stimulus control of the manipulated object. If better imitative stimulus control did result, this might account  for the greater generalized imitation that occurred with the single-manipulation training group where reinforcement could follow correct responding prior to the model’s modeling. During post-training tests, on all but one trial, the two children in the multiple-manipulations training group waited for the experimenter to model the correct response before they responded, with both trained manipulations and untrained manipulations (Fig. 9). It should be noted that “mastered” indicates trained responses that had met the 80% mastery criterion during the training sessions, and “novel” indicates novel responses with object that had never been trained. The mastered responses include pushing the car, hugging the doll, and talking on the phone. The novel responses include the children’s putting the car on their head, standing the doll on the table, and putting the phone on their tummy. 



During post-testing Ashley waited for a model of the manipulation before making a response during each trial (as shown by Fig. 9). Tony had been trained with three separate training sets of stimuli and manipulations. During the first post-test, Tony waited for a model and responded at 100% accuracy with the mastered manipulations, and he waited for a model and responded at 33% accuracy (1 out of 3) for the novel manipulations. During the second post-test, Tony waited for a model and responded at 100% accuracy with the mastered manipulations, and he waited for a model for the novel manipulations but he did not make any correct responses with the those manipulations. During the third post-test, with the mastered manipulations Tony waited for a model in two of three trials and responded at 100% accuracy for those two trials, but he also responded prior to the model in one of the three trials, still making a correct response with that object. He then waited for a model and responded at 100% accuracy (3 out of 3) for the novel manipulations. Ideally this type of responding is what we would like to see because it demonstrates that the responses are under imitative control rather than object stimulus control. 

On the other hand, there was a considerable premature responding (responding prior to the model) by children in the single-manipulation training group (refer to Fig. 1). This suggests that the procedure of preventing the child from responding prior to the model was effective in preventing the occurrence of premature responses, as was done with the children who received multiple-manipulation training. Also, preventing responding prior to the model may have increased the likelihood that the responses made by the children were under imitative stimulus control of the behavior of the model. 
Additional Benefits of Multiple-Manipulation Training

In addition to the benefits, previously described, for training multiple-manipulations per object to teach manipulative-imitation, other benefits were also identified for this type of training. These benefits included acquiring generalized physical imitation and acquiring generalized manipulative-imitation to novel tutors and settings.
Generalized Physical Imitation 
Physical imitation is the imitation of body movements, such as raising arms, stomping feet, clapping hands, touching nose, and waving goodbye. These children did not receive specific training on any type of physical imitation, yet this repertoire emerged with the acquisition of a generalized manipulative-imitation. (A complete list of the trials of physical imitation that were probed with the children can be found in Appendix E.). Although each child’s physical imitation repertoire was not assessed prior to manipulative-imitation training, the lack of a manipulative-imitation suggests the physical imitation was absent as well. 

The establishment of generalized physical-imitation, is not surprising, as manipulative-imitation, in essence, is a form of physical imitation. Both types of imitation require body movements; however, in manipulative-imitation the component of object manipulation is added. In both physical and manipulative imitation, the child is largely matching the proprioceptive stimuli arising from his or her movements with the visual stimuli arising from the model’s behavior. Therefore, with manipulative-imitation, the children were also trained on a component of physical imitation. 
Generalization to Novel Tutors
For both multiple-manipulations children, their generalized physical imitation and generalized manipulative-imitation generalized to novel tutors and novel settings. Both children were tested with a sample of ten manipulative-imitation responses and ten physical imitation responses with familiar tutors; and both children showed considerable generalization to those tutors (Fig. 12). These tutors were familiar to the children in that they had worked with the children on a daily basis doing other discrete-trial training, as was typical in their classroom.

Stimulus Generalization 
One child who received multiple-manipulations training, Tony, demonstrated stimulus generalization to novel objects prior to demonstrating generalized manipulative-imitation with novel imitative responses. For example, he generalized from trained manipulations (push the car) to novel objects (push the hammer); but he did not generalize from trained manipulations with an object (push the car) to novel manipulations with the same object (put the car on your head). Tony consistently and independently imitated recently trained manipulations (hugging, kissing, talking, feeding, jumping, and pushing) with at least six novel objects (hammer, block, toothbrush, hat, book, and cup) as shown in Fig. 11. (These data were collected after the second training set of objects/manipulations were mastered.) 



This finding may indicate that the “slower learners” will first acquire imitation of mastered manipulations with novel objects prior to imitation of novel manipulations with familiar objects. Additionally, Ashely’s results demonstrate that some children may not need an intensive imitation intervention, with many multiple-manipulations per object, in order to acquire a generalized manipulative-imitation repertoire. However, other children, like Tony, may need more intensive training in order to acquire a generalized manipulative-imitation repertoire. At this point it is not clear which children will fall in which category.  

Caveats 


Generalized manipulative-imitation was more quickly acquired and more extensive than anticipated; therefore, a within-subject design, as used in the second study, may not have been appropriate. The transfer of training from one element (multiple manipulations with one object) to another element (single manipulations with another object) may have prevented the multi-element design from having the independence necessary to show any superiority of the multiple-manipulations training over the single-manipulations training. However, a comparison between the children trained with single-manipulations and the children trained with multiple-manipulations does strongly suggest the considerable value of multiple-manipulations training. But, that comparison involves several confounding factors: the conducting of an imitation assessment prior to training, the use of most-to-least prompting combined with reinforcement of prompted responses, extinction of responses that occurred prior to the model’s modeling the appropriate manipulation, generalization probes throughout training, imitation training until a generalized imitation repertoire was produced, and the implementation of the procedure by the experimenter (a doctoral student, with six years experience, rather than first-semester undergraduate practicum students). For that reason, it is not completely clear which components contributed to the superiority of the performance of the of multiple-manipulations group. Therefore, this study needs to be replicated in a group design, where all elements but the single- vs. multiple-manipulations components are held constant.   

Conclusions


In conclusion: (a) Multiple-manipulations training produced a generalized manipulative-imitation repertoire. (b) Typically it also produced a generalized manipulative-imitation repertoire in fewer trials than the majority of children who received single-manipulation training alone. (c) For some children, if they received multiple-manipulations training with one object, it may suffice to do concurrent single- manipulation training with a small number of other object to produce generalized manipulative-imitation. (d) Multiple-manipulations training may decrease the extent that the child’s manipulation is under the stimulus control of the object rather than the conditional stimulus control of the object and the model’s behavior. (e) Multiple manipulations training can produce generalized physical imitation as well as generalized manipulative-imitation. (f) Multiple-manipulations training may produce generalized imitation of trained manipulations to novel objects before it produces generalized imitation of novel manipulations of trained or novel objects. 
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Figure 1. Testing for the amount of generalized manipulative-imitation for mastered and novel manipulations. These data are arranged so that the children, on the X axis, are arranged in order from the most amount of generalized manipulative-imitation to the least amount of generalized manipulative-imitation. 








Figure 2. Average percentage of responding for children in study 1 in the following categories: a). generalized novel manipulations with a model, b). mastered manipulations given the opportunity to respond, and c). mastered manipulations without a model. 





Figure 3. Number of trials to mastery of the manipulative-imitation procedure. 





Figure 4. Correlation between the number of trials to mastery of the manipulative-imitation procedure and the amount of generalized imitation. 





Figure 5. Ashley’s data, including pre-training percentage of imitation, the acquisition of manipulative imitation during training, the generalization probe sessions, and the post-training percentage of correct responding.
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Figure 6. Tony’s data, including pre-testing percentage of imitation, the baseline responding for the six trained manipulations, the acquisition of manipulative imitation for each of the three training sets, the generalization probe sessions, and the post-testing percentage. 
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Figure 7. Comparison between the percentage of generalized manipulative-imitations acquired by children in study 1 and study 2. 


  





Study 2: Multiple-manipulations Training





Study 1: Single-manipulation Training





Ashley





Tony





Figure 8. Comparison between the number of trials required to establish a generalized manipulative-imitation repertoire by children in study 1 and study 2. 








Figure 9. Post-training manipulative-imitation and generalized manipulative-imitation. Responses with a model indicate responses made after a model of the manipulation had been demonstrated by the experimenter. Responses without a model indicate responses made prior to a model of the manipulation that had been demonstrated by the experimenter. 








Figure 10. Generalization of manipulative-imitation to tutors who had not trained the manipulative-imitation.
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Figure 11. Tony demonstrated much stimulus generalization, generalizing trained manipulations to novel objects. Each manipulation listed along the X axis was modeled using the following objects: hammer, block, toothbrush, hat, book, and cup. Tony correctly imitated all six trained actions with up to six novel objects.
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