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Figure 9. The figures in the left column display the AED of drawings for the final two sessions 
of each condition and the average of number of tokens delivered within each condition for each 
participant. For Reggie, only one session of DD 25 was conducted. The figures in the right 
column display the AED of drawings for fifth and sixth session and the average number of 
tokens (from sessions 1-6) within each condition. For figures in the right column, RR .5 
conditions were omitted for all participants.  For Paul, the first DL 90 condition consisted of four 
sessions and was omitted.  For Reggie the DD25 session was omitted. Numbers within 
parentheses represent first or second implementation of the condition (for reversal).   
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Figure 10. Results of the pre-intervention and post-intervention Repetitive Behavior and Rigid 
Routine Questionnaire for each factor and participant. 
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CHAPTER FOUR: 
 

DISCUSSION 
 
 

The present study examined effects of two modified percentile schedules of 

reinforcement on the variability of drawing topography. The largest increases in variability 

occurred when contingencies favored novel drawings, rather than the components of drawings. 

Surprisingly, reinforcing variability in lines resulted in decreases in variability for both lines and 

drawings. Similar to previous literature (Goetz, & Baer, 1977; Pryor, Haag, & O’Reilly, 1969; 

Ross & Neuringer, 2002) the results of this study support that variability of the topography of 

responses can be reinforced. Previous studies using automated assessments to measure variability 

(e.g., Ross & Neuringer, 2002) have determined if a response drawn on a computer was different 

to previous responses or not previously exhibited, but did not measure by how much the 

responses were different (topographically).  By measuring the ED of lines and drawing, it was 

possible to deliver tokens contingent on how different a response looked in comparison to the 

history of responses as opposed to how long it had been since that response was last emitted. 

Thus, this study extends the use of percentile schedules in a novel way to reinforce response 

variability to drawings.  

Across all of the participants, Diff-Line conditions resulted in higher AEDs of drawings 

in comparison to RR conditions for the participants; however, it seems that Diff-Draw was more 

effective in increasing the AED of both drawings and lines than Diff-Line.  We hypothesized that 
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during the Diff-Line condition; there would be an increase in AED of line.  However, for each 

participant, the AED of lines was typically higher during Diff-Draw in comparison to Diff-Line.  

One possibility for this effect might be that token delivery contingent on varied lines increased 

the number of lines produced by the participant.  In our study, the number of lines was free to 

vary for each drawing.  Thus, participants might have been able to increase the number of tokens 

they received in each session simply by creating drawings with more lines. Figure 11 (See page 

35) displays the average number of lines per drawing in the Diff-Draw and Diff-Line for each 

participant.  These data show that in fact each participant drew more lines per drawing on 

average in Diff-Line than in Diff-Draw.  The increase in number of lines might have been related 

to a decrease in the average of the ED for lines – one easy way to draw lots of lines would be to 

make a few quick and similar strokes on the drawing area.  Future researchers might investigate 

whether similar effects are obtained when limits are placed on the number of lines per drawing. 

A characteristic of the ED measurement used in this study is that the number assigned to 

each drawing is not just a function of that drawing, but of the relationship between that drawing 

and the previous 20. Said another way, each image’s value changes based on the relationship to 

those occurring before it.  Some might view this as problematic because the same drawing could 

appear in two separate conditions but have very different EDs because of the comparison 

drawings differ. One possible way to address this would be to use a standardized pool of 

comparison drawings (e.g., those drawn during baseline). However, participants might simply 

learn to draw one thing over and over that just happened to differ from those drawings in the 

reference set under such circumstances. As the comparison is always changing with the 

measurement used in this study, the participants learned to vary from previous responses that 

were always changing based on the participants history of responding.  U-values, a dependent 
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variable found in other studies, has similar properties to AED as used here because both are 

calculated based on recent performance (e.g., Miller & Neuringer, 2000; Neuringer, 1986; 

Ross & Neuringer, 2002). Thus, there is precedent for using measures that do not necessarily 

reflect characteristics of a single performance. 

 As the proposed standard definition of creativity suggests a creative response is both 

different and useful (Runco & Jaeger, 2012), future research could further examine the 

usefulness along with the variability of responses.  This study attempted to set a parameter on 

usefulness via the instructions provided before each session: “Draw some flowers;” however, 

none of the participants made any responses (across conditions) that resembled flowers to the 

trainer.  Future research could recruit participants of varying artistic experiences and set specific 

criteria for response to meet to qualify as useful before while placing contingencies on 

variability.  

 As a flashing green background signaled token delivery, it is possible that the green 

flashing background could have acquired secondary conditioned reinforcing properties.  Future 

research could examine if tokens could be faded if the signal does become a secondary 

conditioned reinforcer.  

Two of three participants’ teachers reported seeing decreases in stereotypy, while the 

third reported no change. Also, two of three participants’ teachers reported less rigidity and 

adherence to routines, while the third report an increase. Although the generality of these results 

is unclear, future research should extend these findings to see the degree to which reinforcing 

variability can collateral effects in core symptoms related to ASD. 

By measuring the degree of differences between drawings, this study allowed for 

empirical testing of a dimension of creativity.  While there may never be agreement on what is 
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creativity, what components make up creativity, or what components of are most important to 

creativity, it seems that “differentness” plays a role in being creative. The conclusion made by 

Goetz and Baer (1973) is appropriate to this study: “the definition of ‘creativity’ is no less 

arbitrary than it has ever been, but one facet of arbitrariness has been subjected to experimental 

analysis.”   
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Figure 11.  Average number of lines per drawing between Diff-Draw and Diff-Line for each 
participant.  
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Appendix	
  A: Repetitive Behavior and Rigid Routine Questionnaire 
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Appendix	
  B:	
  Repetitive Behavior and Rigid Routine Questionnaire Scoring. 

 

 

 

 

  

Repetitive'Behavior'and'Rigid'Routine'Questionnaire'Scoring'Instructions'
!

Scores!can!be!summarized!into!three!factors.!Scores!are!disturbed!as!follows:!
!
Factor'18'Repetitive'Motor'Movements.!Includes!items:!2,!3,!4,!5,!6.!
Factor'28'Rigidity/Adherence'to'Routine.!Includes!items:!11,!12,!13,!14,!15.!
Factor'38'Preoccupation'with'Restricted'Patterns'of'Interest.!Includes!items:!1,!7,!8,!9,!10,!15.!
!
Mean!responses!for!the!three!subscales!are!obtained!by!adding!up!scores!for!each!factor!and!
dividing!by!the!number!of!items!within!that!factor.!
!
!
!
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Appendix C: Treatment Fidelity Checklist 

 

  

TREATMENT'FIDELITY'CHECKLIST'
'

Date:' Participant'ID:' Number'of'Trials:'
Session'#:' Trainer:' Condition:'
'
'
'
#' ' YES' NO' N/A'
1.' Is'the'user'interface'active'(online'connection,'mouse'responsive)?' ' ' '
2.' Is'the'computer'set'up'before'trainer'asks'participant'to'participate?' ' ' '
3.' Did'you'ask'for'the'participant'if'they'want'to'sit'and'draw?'

Participants'Response:'''!!YES!!!!!NO!!!!*If$response$is$NO,$terminate$session'
' ' '
'

4.' Is'the'database'registering'lines'drawn?' ' ' '
5.' Did'you'provide'vocal'instructions'for'each'trial'when'signaled'by'the'

computer?'
' ' '

6.' Did'you'provide'tokens'each'time'signaled'by'the'computer?' ' ' '
7.' Did'you'provide'choice'of'3'minutes'to'backup'reinforcers'or'continuing'

on'to'next'session?'
' ' '

8.' Did'you'provide'3'minutes'to'backup'reinforcers'when'chosen'by'
participant?'

' ' '

9.' Did'you'prompt'to'the'next'trial,'if'the'participant'terminated'the'trial?' ' '
'

'

TOTAL:' '''''Out'of''
Percentage:' '''''''''''''''%'

'
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Appendix D: USF IRB APPROVAL LETTER 

 

 

 

 

  
September 30, 2015  
  
Harvey Bayliss    
ABA-Applied Behavior Analysis  
Tampa, FL   33612 
 
RE: 

 
Expedited Approval for Initial Review 

IRB#: Pro00023429 
Title: Reinforcement of Variability and the Implications for Creativity 
 
Study Approval Period: 9/30/2015 to 9/30/2016 

Dear Mr. Bayliss: 
 
On 9/30/2015, the Institutional Review Board (IRB) reviewed and APPROVED the above 
application and all documents contained within, including those outlined below.  

 
Approved Item(s): 
Protocol Document(s): 
Variability and Creativity Protocol v.1 9/28/15          

 

  
*Note, no research activities can begin without submitting the required letter of support and 
receiving an approval through the Amendment process. 
 

 
Consent/Assent Document(s)*: 
Child Written Assent Version 1 9/28/15.pdf          
Parental Consent Form v.1 9/28/15.pdf          

 

Child Verbal Assent Script V1 9/28/15  (not a stamped document) 
 

 
*Please use only the official IRB stamped informed consent/assent document(s) found under the 
"Attachments" tab. Please note, these consent/assent document(s) are only valid during the 
approval period indicated at the top of the form(s). 

It was the determination of the IRB that your study qualified for expedited review which 
includes activities that (1) present no more than minimal risk to human subjects, and (2) involve 
only procedures listed in one or more of the categories outlined below. The IRB may review 
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research through the expedited review procedure authorized by 45CFR46.110 and 21 CFR 
56.110. The research proposed in this study is categorized under the following expedited review 
category: 
 
(7) Research on individual or group characteristics or behavior (including, but not limited to, 
research on perception, cognition, motivation, identity, language, communication, cultural 
beliefs or practices, and social behavior) or research employing survey, interview, oral history, 
focus group, program evaluation, human factors evaluation, or quality assurance methodologies. 
 
This study involving data pertaining to children falls under 45 CFR 46.404 – Research not 
involving greater than minimal risk. 

 
As the principal investigator of this study, it is your responsibility to conduct this study in 
accordance with IRB policies and procedures and as approved by the IRB. Any changes to the 
approved research must be submitted to the IRB for review and approval via an amendment. 
Additionally, all unanticipated problems must be reported to the USF IRB within five (5) 
calendar days. 
 
We appreciate your dedication to the ethical conduct of human subject research at the University 
of South Florida and your continued commitment to human research protections.  If you have 
any questions regarding this matter, please call 813-974-5638. 
 
Sincerely, 

   
Kristen Salomon, Ph.D., Vice Chairperson 
USF Institutional Review Board 


