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Abstract
Performance feedback is a common procedure used in a variety of settings to change behavior.
Although reviews of the literature have identified a number of dimensions of performance
feedback that are predictive of effectiveness, little research has examined the influence of
inaccurate feedback on behavior. The purpose of the present study was to examine both the
short- and long-term effects of inaccurate feedback on the acquisition of match-to-sample tasks.
The first study adopted a translational, human operant paradigm to evaluate the effects under
highly-controlled conditions. Undergraduate students were presented an arbitrary match-to-
sample task on a computer. Feedback accuracy was manipulated in an initial phase followed by a
condition where only accurate feedback was provided. The second study extended these findings
to a more applied setting and population. The results of both studies demonstrated that exposure
to inaccurate feedback resulted in the failure to acquire the tasks. Furthermore, a carryover effect
was obtained represented by a delay to acquisition following the improvement of feedback
accuracy. The behavioral processes behind the results obtained are interpreted through a
synthesis of literatures on performance feedback, fidelity, and instructional control. Implications
for educational and organizational settings are suggested.

Keywords: performance feedback, feedback accuracy, instruction, match-to-sample,
rule-governed behavior
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An Examination of the Effects of Feedback Accuracy on Academic Task Acquisition in
Analogue Settings

Practitioners are tasked with the selection and implementation of treatments that
represent the best treatment for their clients based on the available evidence of effectiveness and
their clients’ individual needs. In today’s age of escalating accountability and advocacy for
evidence-based practice, empirical support for the effectiveness of treatments is becoming an
area of expanding interest. The tie between research and practice has been a common goal
among scientists for at least the past century (DiGennaro Reed & Reed, 2008). However, the
current trend of interest in evidence-based practice is built on a relatively recent movement with
beginnings in the United Kingdom under the title of evidence-based medicine (Chambless &
Ollendick, 2001).

Sackett and colleagues (Sackett, Rosenberg, Gray, Haynes, & Richardson, 1996) define
evidence-based medicine as the “conscientious, explicit, and judicious use of current best
evidence in making decisions about the care of individual patients” (p.71). The authors propose
that neither clinical expertise nor empirical evidence from research are sufficient alone, but that
physicians should integrate the two. Several challenges to this approach have been identified.
Physicians have reported that they do not have enough time to devote to reviewing newly
emerging research. A self-report survey of medical consultants in the United Kingdom revealed
that some consultants devote less than one hour per week to keeping abreast of the literature
(Sackett et al., 1996). Under these conditions, it is likely that the services medical practitioners
perform will have less correspondence to “best practices” as time progresses since their training.
Evidence from the literature has emerged suggesting that deviations from prescribed procedures

during the implementation of an empirically-supported treatment may result in divergent or



differential outcomes. Although the literature is growing in scope, the type and effect of
implementation errors is vast and to date still not well understood.

The resonance of these issues in other fields is evident in the activities of professional
organizations and the U.S. government. Within psychology, evidence-based practice has
received significant attention. In 1993, Division 12 (clinical psychology) of the American
Psychological Association (APA) adopted a report by the Task Force on Promotion and
Dissemination of Psychological Procedures, which was the first attempt to standardize criteria
within the field of clinical psychology for describing a treatment as empirically-validated or
empirically-supported (APA, 1995). In order to be considered a well-established, empirically-
validated treatment, effectiveness must be demonstrated in at least two between-group designs,
the evidence needs to support the effectiveness of the treatment against either a control group or
another validated treatment, the treatment must be manualized, the characteristics of the sample
must be clearly specified, and the effects of the study must be demonstrated across two
researchers or research teams. Criteria for single-case designs are similar with the number of
studies demonstrating effectiveness being more than nine (Chambless et al., 1998). The task
force further committed Division 12 to maintaining and updating a list of treatments meeting
criteria for the benefit of practicing psychologists who may not otherwise have the resources to
incorporate the most recent and best research into practice.

The commitment to maintaining a resource for practitioners is embodied by the What
Works Clearinghouse (WWC), a service maintained by the Institute of Education Sciences, U.S.
Department of Education. The purpose of the WWC is to provide a credible and centralized
source of empirically-supported practices in education to educators, who frequently do not have

the time or resources to devote to reading relevant literature (What Works Clearinghouse, n.d.).



The standards for evidence used by WWC are strongly designed around randomized controlled
trials, although the most recent version of the Procedures and Standards Handbook contains pilot
criteria for evaluating both quasi-experimental and single-case designs.

Concurrently with the development of standards for describing what constitutes evidence,
governing bodies have begun to incorporate an imperative for practitioners to incorporate the use
of scientific evidence into their work. For example, standard 2.04 of the APA Ethical Principles
of Psychologists and Code of Conduct states, “Psychologists’ work is based upon established
scientific and professional knowledge of the discipline” (APA, n.d., p. 5). The Behavior Analyst
Certification Board Guidelines for Responsible Conduct requires that recommendations are
based on empirical evidence of both long- and short-term effectiveness (BACB, n.d., Section
2.09a). In another example, the federal government passed the Individuals with Disabilities
Education Improvement Act (2004) and the No Child Left Behind Act (2001) mandating the use
of evidence. Taken together, these standards have fostered greater accountability amongst
practitioners to use interventions that work, and are in the best interest of those receiving
services.

The push for standards of evidence and corresponding mandates for their use are not
without flaws. The guidelines described above are substantially biased towards well-controlled
studies of efficacy with criteria typically met by randomized controlled trials, at the exclusion of
effectiveness research conducted in more naturalistic, less controlled settings. Additionally, some
criteria do not include an explicit requirement for the monitoring of the fidelity of the
independent variable (e.g., APA, cf. Chambless & Hollon, 1998). However, calls for the
inclusion of fidelity measurement in standards of evidence-based practice have been made

recently (e.g., Detrich, 2008; DiGennaro Reed & Reed, 2008; Horner, Carr, Halle, McGee,



Odom, & Wolery, 2005). More recent standards developed in the fields of education and autism
treatment have brought the degree of implementation of the independent variable into
consideration. For example, the pilot standards for single case research studies for the WWC
include measurement and quantification of implementation of the independent variable (WWC,
n.d.). The National Autism Center’s National Standards Project includes requirements for
measurement of independent variable implementation in both the Scientific Merit Rating Scale
and the Treatment Effect Rating components of their evidence standards (National Autism
Center, n.d.).

Interventions with strongly demonstrated efficacy during randomized controlled trials
have often resulted in less significant results when implemented in real world settings
(Hoagwood, Hibbs, Brent, & Jensen, 1995). This discrepancy between efficacy and effectiveness
is typically attributed to factors of external validity, such as differences between research
participants and recipients of the services, and less control over extra-experimental variables
(Boruch & Gomez, 1977). Less considered is the degree to which the implementation of the
treatment variables in therapeutic contexts (i.e., procedural fidelity) matches the implementation
during examinations of efficacy.

Procedural Fidelity
Procedural fidelity, or treatment integrity, has become a topic of discussion in many
disciplines, especially the human service fields such as community-based intervention
(Breitenstein et al., 2010), clinical psychology (e.g., Perepletchikova, 2011), nursing (Song,
Happ, & Sandelowski, 2010), learning disabilities (Gresham, MacMillan, Beebe-Frankenberger,
& Bocian, 2000), special education (Duhon, Mesmer, Gregerson, & Witt, 2009), emotional and

behavioral disorders (Lane, Jolivette, Conroy, Nelson, & Brenner, 2011), and behavior analysis



(Peterson, Homer, & Wonderlich, 1982). Collectively, the broader literature emphasizes the
critical nature of implementation monitoring, in all service disciplines. Each of the
aforementioned fields has had its own call for the study of and devotion of resources to fidelity
measurement and improvement. The impetus for these calls vary by field but share a common
theme; the measurement and reporting of fidelity data is required in order to make informed
decisions and to draw valid conclusions about treatment effects. Beyond the need to report the
data, researchers from multiple fields have focused their efforts on defining and developing
practical ways of measuring fidelity (e.g., Song et al., 2010). Much work still remains to be done.

The literature has used several terms to describe factors related to independent variable or
treatment implementation such as treatment integrity (Yeaton & Sechrest, 1981), fidelity
(Moncher & Prinz, 1991), adherence (Dane & Schneider, 1998), and procedural fidelity (Wolery,
1994). These terms have been used interchangeably, or used with varying degrees of specificity
regarding what is being measured. Yeaton and Sechrest (1981) defined treatment integrity as the
degree to which a treatment is implemented as intended, although this definition has been
unpacked and expanded over time. More recent literature has suggested that relatively simple
conceptualizations and definitions of treatment integrity may be inadequate.

Across fields, several common dimensions of integrity have been proposed. The first and
most commonly measured (Schulte, Easton, & Parker, 2009) is adherence, which has been
defined broadly as the ratio of intervention steps implemented to steps prescribed (Dane &
Schneider, 1998). Waltz, Addis, Koerner, and Jacobson (1993) extended adherence by further
analyzing the interventionist’s behavior of implementation into (a) essential and unique
behaviors, or those that are both necessary and unique to the treatment being implemented, (b)

essential but not unique behaviors, or those that are part of the treatment protocol but are also



shared by other treatments, (¢) unnecessary but not proscribed behaviors, which are steps
implemented by the interventionist that are not formally part of the intervention procedure but
that are not explicitly proscribed, and (d) proscribed behaviors. The latter have also been referred
to as integrity errors of commission: the addition of steps to a treatment procedure that should
not be added (e.g., Vollmer, Roane, Ringdahl, & Marcus, 1999). Implementation quality is a
measure of how well the steps in an intervention are implemented (Sanetti & Kratochwill, 2009).
Quality has been used to describe interventionist behaviors that are not required as part of
adherence, but that may influence the effectiveness of the intervention. Some conceptualizations
have also referred to as interventionist competence in implementing the treatment (Waltz et al.,
1993). A third dimension that has been proposed across several fields is exposure to treatment or
dosage, which refers to the duration of the treatment or how much of the treatment is delivered
(Dane & Schneider, 1998). Treatment differentiation refers to the degree to which the treatment
being implemented or evaluated is qualitatively different than the absence of the treatment or
some other treatment (Moncher & Prinz, 1991). Finally, Dane and Schneider (1998) define
participant responsiveness as the degree to which the participant or client is engaged in the
intervention.

Based on a distillation of these proposed dimensions of integrity, Sanetti and Kratochwill
(2009) proposed an update to the definition of treatment integrity as “the extent to which
essential intervention components are delivered in a comprehensive and consistent manner by an
interventionist trained to deliver the intervention” (p. 448). The above can be generally applied to
questions regarding the implementation of a treatment, but implementation has a broader scope
in many fields. That is, within a consultation model, implementation measures can be separated

into measures of consultant behaviors and consultee behaviors, or into implementation of



training and implementation of treatment (e.g., Noell, 2008). It is proposed here that the term
procedural fidelity can be used to refer to the broadest scope of considerations for
implementation.

These dimensions represent some common aspects of fidelity that are shared between
conceptualizations across fields, but are not a comprehensive list of dimensions that individual
disciplines have proposed. It is important to note that although the aforementioned dimensions
have a high degree of face validity and conceptual relevance as metrics of treatment
implementation, empirical support for the psychometric properties of treatment integrity as a
multidimensional construct is still emerging (Sanetti & Kratochwill, 2009). The disagreement on
a conceptual model of treatment integrity has also impaired the development of consistent
methods of measuring implementation (Gearing et al., 2011). An investigation by Sanetti and
Fallon (2011) examined how the application of different measurement techniques to the same
intervention data yield both different results and may result in different decision-making
regarding the effectiveness of an intervention. For example, the same level of implementation
may yield different decisions about the cause of an effect or non-effect depending on the
availability of more than one dimension of fidelity data and whether the data are analyzed by
session or by intervention component.

The influence of procedural fidelity on decision-making is equally concerning in both
research and practice. Boruch and Gomez (1977) proposed that a general assumption of
experimental control—that treatment variables are either present or absent—is inaccurate and
insufficient. The implementation of independent variables may instead occur along a continuum.
The authors provide several examples of discrepant results between efficacy and effectiveness

studies that can be attributed to differences in how the treatment was delivered. The push for



clearly specified and manualized treatments fostered by the evidence-based practice movement is
aimed at providing clear description of procedures such that other researchers and
interventionists can precisely replicate treatments (e.g., Chambless et al., 1998). However,
consumers of research and interventions should not rely on the assumption that the treatment was
implemented precisely as described. Rather, conclusions about functional relations between
independent and dependent variables in research should be withheld unless independent variable
reliability is monitored and reported, and confidence is high that the intervention was
implemented accurately and consistently (Peterson et al., 1982). In applied practice, the
application of evidence-based practice demands similar considerations. The evaluation of
treatments in the absence of information on the fidelity of implementation may lead to inaccurate
or faulty decisions about client responsiveness to intervention and may influence treatment
decisions to continue, terminate, or modify interventions. If a client fails to respond to a
treatment, a more restrictive treatment may be imposed inappropriately, which could violate a
client’s right to the most effective and least restrictive treatment (Van Houten et al., 1988). In
special education settings, decisions on eligibility for services are made based on response to a
pre-referral intervention, and if the intervention is implemented incorrectly, students may be
inappropriately referred to special education (e.g., Duhon et al., 2009).

Despite the presence of calls for fidelity measurement in the literature (e.g., Billingsley,
White, & Munson, 1980; MclIntyre, Gresham, DiGennaro, & Reed, 2007), Peterson et al. (1982)
describe a “curious double standard” that has developed, which refers to a disproportionate focus
on monitoring the reliability of dependent measures but not independent variables (p. 478).
Several literature reviews have illustrated this persistent trend (e.g., Gresham, Gansle, Noell,

Cohen, & Rosenblum, 1993; Mclntyre et al., 2007). A survey of researchers in clinical



psychology indicated that barriers to the monitoring and reporting of fidelity measures in
research do not include a perceived lack of importance, but rather a lack of guidelines and a
theoretical framework for fidelity (Perepletchikova, Hilt, Chereji, & Kazdin, 2009). Sanetti and
DiGennaro Reed (2012) extended these findings to researchers in school psychology with similar
results. Some researchers have begun to solidify a comprehensive method for monitoring fidelity
(e.g., Gearing et al., 2011), but a growing body of literature has also illustrated the usefulness of
even rudimentary metrics of fidelity in research and applied settings.

An analysis of published studies on school-based behavioral interventions between 1980
and 1990 correlated treatment integrity with effect size (» = .51) and percentage of non-
overlapping data (» = .58) (Gresham et al., 1993). Other studies using treatment integrity as a
dependent variable noted improvements in treatment outcomes concurrently with improvements
in integrity. In two studies, DiGennaro and colleagues (DiGennaro, Martens, & Kleinmann,
2007; DiGennaro, Martens, & MclIntyre, 2005) trained teachers to implement school-based
interventions for problem behaviors among students. As the integrity with which the teacher
participants implemented procedures improved, a concomitant decrease in student problem
behavior was observed. A post-hoc analysis showed that treatment integrity and treatment
effectiveness were significantly correlated. In a similar study, Dib and Sturmey (2007) used
modeling, feedback, and rehearsal to improve the integrity with which three teaching aides
implemented a discrete-trial instructional procedure. Concurrently with improvements in the
implementation of the procedure, a significant decrease was observed in student engagement in
stereotypic behaviors during instruction. Studies such as these have provided at least

correlational evidence of a relationship between integrity and outcome.



Further research experimentally manipulated treatment integrity in order to provide
causal evidence of the relation with measures of outcome. Several studies have assessed the
impact of degradations in treatment integrity on the maintenance of treatment effects following
perfect implementation. Northup, Fisher, Kahng, Harrell, and Kurtz (1997) assessed the
necessary level of treatment integrity, referred to as treatment strength, to maintain the effects of
a differential reinforcement of alternative behavior (DRA) and time-out procedure.
Reinforcement was available on a variable interval schedule for appropriate responses targeted in
the DRA. The level of implementation was manipulated by doubling the interval schedule value
to represent 50% strength and doubling again to represent 25% strength. The integrity of the
time-out procedure was manipulated by only implementing time out on variable ratio 2 or
variable ratio 4 schedules representing 50% and 25% integrity, respectively. The results showed
that for two of three participants, treatment effects were maintained when both procedures were
implemented at 50% of initial integrity. For the third participant, treatment effects were
maintained when time-out was implemented at 25% integrity.

In related studies (Vollmer, Roane, Ringdahl, & Marcus, 1999; St. Peter Pipkin, Vollmer,
& Sloman, 2010), the integrity of a DRA procedure was manipulated by changing the integrity
of the reinforcement and extinction components separately. Treatment integrity was measured as
the proportion of appropriate responses that were reinforced or the proportion of inappropriate
responses that were not reinforced during extinction. In both studies, the results indicated that
following the perfect implementation of the DRA, treatment effects were maintained until the
schedule of reinforcement for inappropriate behavior was richer than the schedule for appropriate
behavior. That is, behavior was consistently allocated to the response receiving more frequent

reinforcement.
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Taken together, these studies indicate a relatively consistent influence of the integrity of
reinforcement procedures on the effectiveness of procedures designed to reduce the incidence of
problem behaviors. A casual observation of the conditions representing different levels of
integrity supports the attribution of the effects to differing schedules of reinforcement for both
appropriate and inappropriate responses. That is, imperfect integrity may not reduce the
effectiveness of the procedures, but effectively bring behavior under the control of qualitatively
different reinforcement schedules.

A series of studies examined the effects of the integrity with which antecedent
instructional procedures were implemented on skill acquisition, but in the presence of initially
low integrity. Wilder, Atwell, and Wine (2006) manipulated the integrity of a three-step
prompting procedure. Three instructions with which participants did not comply were assigned
to one of three levels of integrity: 0%, 50%, or 100%. Integrity was manipulated by changing the
proportion of trials where the antecedents were delivered, which corresponded to the level of
integrity. The results indicated that participants did not comply with instructions associated with
the 0% integrity condition. Compliance increased significantly when the prompting procedure
was implemented during all trials and the 50% integrity condition resulted in levels of
compliance between the other conditions.

Grow et al. (2009) also examined integrity errors within a prompting procedure. Two
tasks were taught to each participant using either a system of least prompts—the prescribed
procedure—or multiple verbal prompts in a multielement design. The use of multiple verbal
prompts represented an integrity error by committing extra verbal prompts and omitting the more
intrusive prompts associated with the system of least prompts. Tasks associated with the system

of least prompts were consistently mastered before the tasks associated with multiple verbal
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prompts only. Although the difference between rates of mastery was small, the authors propose
that over a period of time, a compounding effect of integrity errors may significantly delay
learning. That is, if each task requires more instructional time to master, over time, the student
will not have acquired the number of skills as may have been possible if teachers had adhered to
the validated, effective procedure.

To this point, the research summarized on the effects of integrity errors on learning has
focused on antecedent procedures. However, the provision of reinforcement is also an important
component of establishing and maintaining academic behaviors. To examine the influence of
commission errors—adding steps not prescribed to a procedure—of consequence-based
procedures on learning, DiGennaro Reed, Reed, Baez, and Maguire (2011) used a discrete trial
instruction procedure to teach an arbitrary match-to-sample task to students with developmental
disabilities. When no errors were made, participants showed the best performance. However, the
results were more variable when some or many errors were committed. For one participant, a
clear difference was observed between the 50% errors condition, where every other error was
reinforced, and the 100% errors condition, where every error was reinforced. The participant
responded correctly during approximately 50% of trials in the 50% errors condition and around
10% during the 100% errors condition. For the other two participants, performance was
undifferentiated between the two conditions during which errors were committed.

Although much of the research on fidelity supports the general conclusion that the best
outcomes are achieved under the highest levels of fidelity, there is still a need for additional
research to address gaps and discrepancies. For example, consistent results are not obtained
when the fidelity of antecedent procedures are manipulated compared to consequence-based

procedures. There is significant variation in the magnitude and nature of the influence of

12



imperfect fidelity across studies, and across participants within studies. Also, given that fidelity
may refer to the implementation of any number of intervention steps or techniques, further
research is necessary to examine the effects of fidelity on the effectiveness of more procedures
including those commonly used in organizational and educational settings, such as performance
feedback.

Performance Feedback and Rule-Governed Behavior

Performance feedback is perhaps the most commonly used procedure within
organizational behavior management, with more than half of the reports in the Journal of
Organizational Behavior Management including some form of feedback in their methodology
(Alvero, Bucklin, & Austin, 2001). Feedback also plays an important role in education. That is,
student performance is likely influenced, at least in part, by feedback from teachers in the form
of grades, verbal feedback, or written feedback. Recent studies have evaluated the use of
performance feedback to address performance deficits in several academic skills with positive
effects (Eckert, Dunn, & Ardoin, 2006).

Although performance feedback has commonly appeared as a procedure in behavior
analytic journals and is often used in practice, it is still not well understood. Feedback is most
commonly defined as information delivered to an individual regarding past performance (Prue &
Fairbank, 1981). Daniels (1994) extended this definition to include a requirement that the
information also indicate how the individual can improve his/her performance in the future.

Feedback as a term can describe a vast array of procedures and methods (Ford, 1980).
Mirroring discussion over the format and dimensions of effective feedback is the debate over
what behavioral function it serves. Peterson (1982) argues that feedback serves any number of

functions. The hypothesized functions of feedback fall into two general categories: reinforcement
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and stimulus control (Duncan & Bruwelheide, 1986). A reinforcement function of feedback
would be inferred if feedback is delivered following a performance and performance improves as
aresult (e.g., Prue & Fairbank, 1981). The literature contains some examples of feedback
appearing to serve as a reinforcer (i.e., feedback increases performance and/or desired behaviors;
e.g., Komaki, Barwick, & Scott, 1978). Feedback may serve as a conditioned reinforcer if it is
reliably associated with some other source of reinforcement (Peterson, 1982). However,
feedback is not likely to only serve a reinforcement function as there are instances where
feedback is delayed significantly after a performance, which reduces the chance that
reinforcement has played a role. A second possibility is that feedback serves a discriminative
function. That is, feedback is often provided prior to the next opportunity for a response, and
may serve to prompt and evoke the behavior that will be reinforced (e.g., Daniels, 1994). If
feedback is provided immediately prior to an opportunity to respond, and effectively evokes the
desired behavior, it could be said that it functioned as a discriminative stimulus. Aside from a
discriminatory function, a second antecedent function that feedback may serve is as an
establishing operation. Duncan and Bruwelheide (1986) propose that feedback may alter the
value of behaviors and outcomes by providing a description of a relation to obtaining other
reinforcers.

Feedback may potentially serve any or all of the aforementioned functions, depending on
the context. However, Agnew and Redmon (1993) argue that feedback does not consistently fit
the definitions of either reinforcement or discriminative stimuli. They propose, instead that
feedback constitutes a rule, or contingency-specifying stimulus (CSS). Skinner (1969) first
described a class of operant behavior referred to as rule-governed behavior. He distinguishes

rule-governed behavior from contingency-shaped behavior in that the latter requires an organism

14



to come into contact with the contingencies in the environment before behavior can be changed,
while the former requires only that a verbal description of the complete contingency (i.e.,
antecedents, behavior, and consequences) be delivered. Although CSSs are typically defined as
having a discriminative function, it is not always the case that CSSs immediately evoke behavior,
but rather they serve to alter the function of other discriminative stimuli, establishing operations,
reinforcers, and punishers (Schlinger & Blakely, 1987). This function-altering effect of CSSs
facilitates the explanation of more complex human behaviors where behavior occurs neither
immediately following, nor immediately preceding feedback. Among these complex behaviors is
academic response acquisition.

Given the frequency of the use of feedback in applied settings, the literature has
examined the necessary and important dimensions and components of feedback. For example, a
review by Alvero and colleagues (2001) examined the literature for characteristics of feedback
associated with the best and most consistent effects. They examined feedback alone and in
combination with other procedures, as well as the dimensions of feedback including the source,
format, frequency, content, and privacy. Perhaps implied is that effective feedback is accurate
(i.e., delivered as intended). However, in practice, this may not always be the case.

There is limited research on the influence of inaccurate feedback on socially-relevant
behaviors, but the basic literature has provided a foundation on which future research might
build. In several basic research studies the degree to which instructional control influenced
behavior during either contingencies of reinforcement that corresponded with instructions
(matched) or contingencies that did not correspond with instructions (unmatched) was examined
(e.g., Kaufman, Baron, & Kopp, 1966; Galizio, 1979). Kaufman et al. (1966) provided

instructions to participants before an operant task. All participants were placed on a variable-
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interval schedule of monetary reinforcement, but some participants were given inaccurate
instructions indicating that the schedule in place was either a fixed-interval or variable-ratio
schedule (i.e., unmatched contingencies). Participants given inaccurate instructions responded as
if the schedule in place was the one instructed rather than the actual schedule, suggesting that
instructional control may override or effectively compete with schedule-controlled behavior.
Galizio (1979) extended these findings by studying whether a large discrepancy between
instructions and actual contingencies of reinforcement would reduce instruction-following.
Participants were placed in a room with a lever and given instructions to pull the lever on a
certain schedule in order to avoid a monetary loss. When the instructions provided were accurate
(i.e., matched contingencies), participants consistently followed the instructions and avoided the
loss of monetary reinforcers. However, when inaccurate instructions resulted in the participants
contacting the monetary loss, participant responding deviated from the instructions in favor of
response patterns minimizing loss. In sum, these studies demonstrated that in the presence of
instructions that inaccurately describe underlying reinforcement contingencies, participants
reliably followed rules despite rule-following failing to maximize the rate of reinforcer delivery.
However, contact with the underlying contingencies (especially response cost contingencies)
effectively competes with instructional control.

Relatedly, DeGrandpre and Buskist (1991) showed that when participants were able to
contact discrepancies between instructions and reinforcement contingencies, rule-following was
related to the degree of accuracy of instructions. In their experimental preparation, participants
were asked to press either the ‘A’ key or ‘B’ key on a keyboard and were given instructions on
which to press. When the instructions were accurate, following the instructions resulted in

earning points. When the instructions were inaccurate, following the instructions did not earn
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points, but responding counter to the instructions resulted in points earned. The results revealed
that when instructions were completely accurate, participants consistently followed the rules
stated. When instructions were completely inaccurate, participants consistently deviated from the
instructions. Finally, when instructions were 50% accurate, rule-following was variable. The
authors propose that the results are related to the correspondence of rule-following with
reinforcement. That is, when instructions are accurate, rule-following is differentially reinforced,
while, in the presence of inaccurate instructions, behavior that deviates from the rule is
differentially reinforced.

Ribes and Rodriguez (2001) examined the degree to which inaccurate instructions
influenced both performance on a match-to-sample task and self-descriptions of the
contingencies of reinforcement. The experimental preparation involved a conditional
discrimination task in which participants were presented with sample stimuli and comparison
stimuli. Both similarity matching (choosing the comparison stimulus that resembles the sample)
and difference matching (choosing the comparison that differs from the sample) were tested.
Participants were either given correct instructions—instructing them to choose the similar
stimulus for similarity matching and the dissimilar stimulus for difference matching—or
incorrect instructions for which the instructions were reversed. Following each trial, participants
were asked to choose from a list of seven textual statements that described their performance on
that trial. For example, during similarity matching, a participant choosing a correct self-
description of his/her performance would respond that they chose the comparison stimulus
because it was similar. The results showed that when instructions were accurate, participants
were able to emit correct responses to the task and were also able to accurately describe the

contingencies. If inaccurate instructions were given, participants emitted more inaccurate

17



descriptions of the actual contingencies, but as they contacted the contingencies, both
performance and descriptions of the contingencies became more accurate.

Taken together, these studies suggest that when instructions are provided prior to
responses, rule-governed behavior can compete with response patterns expected according to the
underlying contingencies. However, when contact is made with underlying contingencies,
contingency-shaped behavior prevails. In the absence of contact with contingencies of
reinforcement or punishment, however, inefficient responding persists. DiGennaro Reed, Miller,
Hirst, Reed, and Kaplan (under review) examined the framing of instructions and its influence on
responding. Participants received instructions regarding the optimal pattern of responding that
initially accurately described the programmed contingencies. Throughout the study, the
contingencies changed such that the instructions were no longer accurate. Participants who were
told they “must” follow the instructions consistently adhered to the instructions even after
contacting discrepant contingencies of reinforcement. Participants who were only told to
“consider” following the instructions changed their performance to match the contingencies,
rather than the instructions.

The aforementioned studies have focused on rule-governed behavior established by
instructions. Few studies have extended this line of inquiry to rule-following established by
feedback provided following responses. Contact with contingencies for effective and ineffective
behavior may result in the construction of verbal descriptions of the contingencies by verbal
humans, which may function as rules for how to respond in the future (Ribes, 2000). Similarly,
feedback regarding a previously made response may serve as a CSS for future responses. That is,
if feedback is received that a response is correct, a contingency is specified that in the same

context, the same response will be reinforced. If feedback is received that a response was
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incorrect, the next presentation of the context should serve as an S* for the same response. If,
however, the feedback is inaccurate, subjects may develop inaccurate rules regarding which
response will result in reinforcement.

Hirst, DiGennaro Reed, & Reed (2012) examined this hypothesis during an arbitrary
match-to-sample task. Participants were randomly assigned to one of four groups, each
associated with a level of feedback accuracy: 25%, 50%, 75%, or 100%. Inaccurate feedback—
defined as receiving the feedback “Correct” following an incorrect response or “Incorrect”
following a correct response—was delivered during a proportion of trials in the first phase,
dependent on the group to which participants were assigned. During a second phase, only
accurate feedback was given. The results showed that participants who were only provided with
accurate feedback acquired the task more quickly than those who were exposed to inaccurate
feedback. The percentage of correct responses during the first phase generally corresponded with
the degree of feedback accuracy with higher accuracy associated with more correct responses.
This negative influence of inaccurate feedback persisted even when feedback accuracy
improved, suggesting that a history of inaccurate feedback influenced future responding. One
hypothesis is that the inaccurate feedback resulted in the development of inaccurate rules about
how to respond to the task. In the absence of contact with a discrepant contingency of
reinforcement, any faulty rules that may have developed persisted. Although the authors
conceptualized the study differently as an examination of integrity errors during discrete-trial
instruction, DiGennaro Reed et al. (2011) used a similar procedure and had similar results. That
is, when feedback and reinforcement were provided inaccurately, acquisition was negatively

influenced.

19



Purpose and Rationale

That feedback may serve as a CSS for future responses has implications for the study of
several complex human behaviors of social relevance, including the acquisition of academic
responses. Although there is little research explicitly examining feedback accuracy and learning,
there is a substantial body of basic and translational literature on feedback, instructional control,
and rule-governed behavior. The goal of the present study is to achieve a synthesis of these
literatures in an analysis of the short-and long-term effects of varying feedback accuracy on
academic response acquisition in a match-to-sample task. The present study represents a
systematic replication and extension of Hirst et al. (2012). The first study adopts a translational,
human operant paradigm to examine the effects of feedback accuracy under highly controlled
laboratory conditions using an arbitrary task. Precedence for this method of studying factors
influencing learning has been set by others (e.g., Noell, Gresham, & Gansle, 2002; St. Peter
Pipkin, Vollmer, & Sloman, 2010). Study 2 extends previous research by assessing the generality
of findings to a less controlled, analogue educational setting and to a more applied population.

Study 1
Method

Participants and Setting

The participants for study 1 were 64 undergraduate students recruited from introductory
courses in applied behavior analysis offered at a large mid-western university. Following
approval from a human subjects committee for the methods and incentives used in the study
participants were recruited via in-class announcements. The script used during the recruitment
announcements is provided in Appendix A. Individuals responding to the announcements were

predominantly female (13 males and 51 females). Participants’ ages ranged from 18 to 53 (M =
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20.06). No disabilities were reported during a demographic survey with the exception of two
participants who reported an attention deficit disorder. Participants were offered extra course
credit in exchange for participation amounting to 0.5% of their final grade. An exclusionary
criterion was applied post hoc following the completion of the study. Data were excluded from
analysis if the average response latency for a participant was less than 0.5 seconds during the
first condition. This criterion was established to ensure participants were attending sufficiently to
the task.

The study took place in a large computer lab measuring 9m by 6m. The lab contained 20
Dell OptiPlex computers each outfitted with a 17-inch wide aspect flat-panel monitor and
standard mouse and keyboard. Each computer was located on a desk, arranged along the walls of
the room with the monitors facing toward the center.

Materials

The stimuli constructed for the present study consisted of five nonsense shapes and nine
nonsense names. The shapes were based on Japanese hiragana characters, but were significantly
modified to prevent interference with future learning. Each shape was assigned a nonsense name
with an additional four nonsense names created to serve as distractors. The shapes and their
corresponding names are provided in Table 1.

A computer program—written in Microsoft Visual Basic.Net—was developed explicitly
for the study. The program was designed to implement the entirety of the procedure. The initial
interface of the program consisted of a brief demographic survey, which is provided in Appendix
B. Participants were instructed to answer questions regarding gender, age, and ethnic
background. Participants were also asked to self-report any physical or intellectual disability if

they chose. All questions in the survey contained an option to respond with “no answer.”
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Following the completion of the survey, participants were presented with written
instructions on the computer screen. The instructions presented were:

Please turn off or silence all mobile devices and put them away for the duration of

this study. On the next screen, you will see a symbol and a list of names. Click the

button with the name associated with the symbol displayed. You should expect the

task to take the entire session (about 40 to 50 minutes) so please choose carefully.

If you understand these instructions, you may click the button below to begin. If

you have any questions, please raise your hand and the experimenter will be

available to assist you.

In order to indicate that they understood the instructions and had no questions prior to beginning
the task, participants clicked a button below the instructions. This button initiated the main task
and loaded the primary interface.

The program was designed to occupy the entire screen, making the other features of the
computer unavailable during the study. The computer program presented an arbitrary match-to-
sample task in which participants clicked a button bearing a nonsense name in response to the
presentation of a nonsense shape. Shapes were presented in black within a white square
measuring 6.5 cm by 6.5 cm. Five nonsense names, each displayed on a button, were presented
2.0 cm to the right of the shape in a vertical column. For reference, screenshots of the stimuli
presented by the program are presented in Figures 1 and 2. For each trial—consisting of the
presentation of one shape and five names followed by a response from the participant—the array
of nonsense names consisted of three target names (i.e., nonsense names assigned to one of the
five shapes) and two distractor names. For each trial, the name assigned to the shape being

displayed was always present. The other two target names and the two distractor names were
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selected at random using a function built into the programming language. The order of the names
in the column was also randomized for each trial using the same method. The order in which
shapes were presented was determined a priori using a pseudo-random sequence generated by a
random number generator located at http://www.random.org. The sequence was pseudo-random
because constraints were placed on the sequence to ensure that each shape was presented an
equal number of times in each phase during the study and that shapes were never presented more
than twice consecutively. The program was designed to end after the completion of 500 trials or
an elapsed time of one hour.
Dependent Variables and Response Measurement

Two dependent variables were measured during the study: response to the task and trials
to criterion. The participants’ responses (i.e., the nonsense name selected in response to the
presentation of a nonsense shape) were recorded for each trial. Responses were also coded
dichotomously as either correct or incorrect. A correct response was defined as clicking the
nonsense name assigned to the nonsense shape that was presented. An incorrect response was
defined as clicking a nonsense name not associated with the shape, either another target name or
a distractor name. Correct responses were recorded as a cumulative total of correct responses at
each trial and this total was displayed graphically as a cumulative record of correct responding.
The second dependent variable, trials to criterion, was defined as the number of trials completed
to meet the mastery criterion, which was set at 15 consecutive correct responses.

The computer recorded all data automatically. In addition to the two dependent variables,
the program also collected the latency of responses in milliseconds from the presentation of the

stimuli for each trial for the purpose of applying the second exclusionary criterion.
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Experimental Design and Procedure

Sixteen concurrent multiple-baseline designs across participants were conducted, each
containing four participants. The multiple-baseline designs were used to compare two conditions:
(a) inaccurate feedback and (b) accurate feedback. Participants were assigned to one of four
groups: 25% accuracy, 50% accuracy, 75% accuracy, or a 100% accuracy comparison group,
each consisting of 16 participants. The group to which a participant was assigned dictated the
level feedback accuracy to which he/she was exposed during the error condition.

Upon arriving, participants were greeted and assigned randomly to a computer on which
the program was already running. Following a brief introduction—presented in Appendix C—
participants were instructed to begin working, starting with the demographic survey.

Inaccurate Feedback Condition. The purpose of this condition was to assess the effects
of inaccurate feedback on learning. During the inaccurate feedback condition (IF), the program
delivered inappropriate feedback following a proportion of responses. Two types of feedback
inaccuracies were possible, depending on the participant’s response. If the participant emitted a
correct response, the program gave the feedback “Incorrect.” If the participant emitted an
incorrect response, the program gave the feedback “Correct.” Both forms of feedback were
displayed below the shape for 2 s followed by the presentation of the next trial. “Correct” was
printed in a bold, black font printed on a green rectangle measuring 6.5 cm by 1.5 cm.
“Incorrect” was printed in a bold, black font on a red rectangle of the same dimensions.
Screenshots displaying both forms of feedback are presented in Figures 1 and 2.

Depending on the group to which a participant was assigned, the proportion of trials
during which the program delivered inaccurate feedback varied. Participants assigned to the 25%

accuracy group were exposed to inaccurate feedback during 75% of trials in IF. That is, during
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an average of three out of four trials, inaccurate feedback was delivered. The feedback delivered
during one out of four trials was accurate (i.e., correct responses were followed by the feedback
“Correct” and incorrect responses were followed by the feedback “Incorrect’). Participants
assigned to the 50% accuracy group were exposed to feedback errors during half of the trials in
the error condition. Participants assigned to the 75% accuracy group were exposed to feedback
errors during an average of one out of four trials in the error condition. The sequence of trials in
which a feedback error was committed was predetermined as a pseudo-random sequence
generated by a random number generator located at http://www.random.org. The randomness of
the sequence was constrained by parameters ensuring that the number of trials during which
inaccurate feedback was delivered was equal across all shapes.

Accurate Feedback Condition. The purpose of this condition was to assess whether
prior exposure to inaccurate feedback influenced learning when the accuracy of feedback
improved. During this condition, feedback errors were no longer committed. That is, all feedback
delivered by the program following a response was accurate (“Correct” after a correct response
and “Incorrect” after an incorrect response). No change in the program interface occurred
concurrently with the change in condition. Participants continued the task until a total of 500
trials had been completed between both the IF and accurate feedback (AF) conditions. In
addition, the participants assigned to the 100% accuracy comparison group were never exposed
to inaccurate feedback and completed 500 trials in the AF condition.

Procedural Fidelity

Because data collection occurred automatically, the procedure was not judged to be at

risk for errors in reliability or procedural fidelity (Peterson et al., 1982). However, to ensure that

the program was operating optimally, algorithms were included in the program to calculate the
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obtained level of feedback accuracy to ensure that participants were exposed to the conditions to
which they were assigned. The obtained levels of feedback accuracy matched those programmed
for all participants and conditions.

Data Analysis

Two modes of data analysis were used. Within-group analyses were conducted via visual
inspection of the multiple-baseline design graphs. The graphs were cumulative records of correct
responding so changes in the rate of acquisition of the task would be indicated by a change in the
slope of the graph. Decisions on whether an effect was obtained were based on visual inspection
of the cumulative records. That is, a difference between IF and AF was concluded if the rate of
acquisition (the slope of the cumulative record) changed when and only when AF was
implemented. Based upon previous data and the hypothesis that the effects of exposure to
inaccurate feedback carry over into accurate feedback conditions, a decision that a carry-over
effect was observed was made if the slope of the graph changes only after a delay. The effect
will be replicated across participants if a delay of similar duration is observed each time.

In addition, an analysis was conducted to identify response patterns associated with the
failure to acquire the tasks during IF, specifically whether inaccurate feedback was associated
with acquisition of incorrect discrimination responses. An index of discrimination response
strength was created by counting the frequency of each possible response (5 target names and 4
distracters) in the presence of each sample stimulus. The index of discrimination response
strength was calculated by dividing these frequencies by the total number of presentations of the
sample stimulus during IF. An index of 0.2 approximates chance levels of responding, but values
substantially higher than 0.2 may represent the acquisition of a specific discrimination. For

example, if a participant selects the response “bifdo” in the presence of the sample stimulus
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associated with “zitaaf” on a high percent of trials in IF, it might be inferred that the participant
has acquired an incorrect discrimination response.

Several between-group analyses were also conducted to compare the effects of the four
levels of feedback accuracy. First, a percentage of correct responses was calculated for each
participant in each condition to represent acquisition. Additionally, an index was created for the
purposes of standardizing rates of acquisition for comparison across participants. The area under
the curve (AUC) of cumulative records of correct responses was calculated using the trapezoidal

method.

o= T4

This value was calculated for each participant and each phase. Since the duration of each phase
varied across participants as a function of the trial at which the phase change occurred, this value
was standardized for comparison by also calculating the AUC of a line representing perfect
responding in each phase and dividing the AUC of the cumulative record by the AUC for perfect
responding, yielding a percentage value (%AUC). AUC was used in addition to the percentage of
correct responses as a possibly more accurate representation of acquisition.

Two nonparametric statistical analyses were conducted to determine whether the rates of
acquisition under AF were differentially influenced by the level of feedback accuracy to which
each group was exposed. First, a Kruskal-Wallis ANOVA was used to determine whether the
differences in %AUC across groups were due to chance. Third, a Dunn’s multiple comparison
test was conducted to determine which groups’ performances differed significantly from each

other.
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Results and Discussion

Cumulative records for participants in the 25% accuracy group are presented in Figure 3.
In addition to cumulative records of correct responses, a gray region superimposed on each graph
represents the range of acquisition rates for participants in the 100% accuracy group for
comparison. Acquisition was generally low, indicated by the shallow slope of the cumulative
records to the left of the phase line. There was very little overlap with the data from participants
in the comparison group during the initial learning curve. None of the participants met the
mastery criterion during IF. After accuracy improved, acquisition of the task varied across
participants. Some participants acquired the task rapidly following the removal of errors,
indicated by an inflection point in the cumulative record shortly after the phase line (e.g., 102,
104, and 202). Other participants acquired the task after a longer exposure to improved
instruction indicated by an inflection point further to the right of the phase line (e.g., 304, 404).
Two of the 16 participants in this group did not acquire the task prior to the session ending at 500
trials (201 & 204). Of the 14 participants who did master the task, the average trial at which
criterion was met was 136.43 (range: 48-220). An inspection of the cumulative records yields the
conclusion that a difference was obtained between IF and AF. Specifically, the inflection point in
the cumulative record occurs when and only when AF is in place. Additionally, a delay to
acquisition was observed in AF, represented by the lag between the phase change and the
inflection point. However, the number of trials between the phase change and the change in slope
is inconsistent across participants suggesting that the magnitude of the delay is idiosyncratic.

Figure 4 displays data from participants assigned to the 50% accuracy condition.
Similarly to participants in the 25% accuracy group, acquisition was low in the presence of

inaccurate feedback. Two participants (208, 407) showed some overlap initially with the
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comparison group, but prior to the end of IF, performances differentiated. The other 14
participants’ performances were clearly differentiated from the comparison group. Also,
acquisition varied similarly following the removal of feedback errors with some participants
rapidly acquiring the task (e.g., 105, 106, 207, 305), while some participants acquired the task
more slowly (e.g., 208, 406). Four out of 16 participants did not meet the mastery criterion (306,
307, 308, and 408). Of the 12 participants who did meet the criterion, the average trial at which
criterion was met was 101.75 (range: 61-139). Visual inspection of these cumulative records
yields similar conclusions to those for participants in the 25% group. None of the participants
mastered the task in the presence of inaccurate feedback and the slopes of the graphs were
consistently low to the left of the phase line. Changes in the slope occurred only after the phase
line.

Data for participants assigned to the 75% accuracy group are presented in Figure 5. The
data obtained from this group differs from those of the previous two groups. Acquisition in the
presence of inaccurate feedback was higher as indicated by the steeper slopes to the left of the
phase line. Four of 16 participants met the mastery criterion prior to the phase change (209, 309,
312, and 410). Additionally, acquisition for these participants fell within the range of the
comparison group, suggesting that exposure to feedback errors during only 25% of trials in IF
did not negatively influence learning. All but two participants quickly acquired the task
following the removal of errors. However, two participants did not acquire the task (111, 112).
Of the ten participants who acquired the task only after errors were removed, the average number
of trials to criterion was 54 (range: 14-88). Because some participants acquired the task prior to

the phase change and changes in slope were not observed between the two conditions, there is
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less evidence for a difference between learning under 75% accurate feedback and 100% accurate
feedback.

A conclusion was drawn that participants in the 25% and 50% accuracy groups did not
acquire the task during IF. Acquisition occurred only after feedback accuracy improved and a
delay to the improvement in acquisition was obtained suggesting that the negative influence of
poor instruction on learning persisted under accurate feedback. Participants exposed to 75%
accuracy showed higher rates of acquisition during IF with 4 participants mastering the task
despite the errors. A limitation should be noted for the experimental design that may temper
these conclusions. Although the design contained elements of a multiple baseline design across
participants, phase changes were determined a priori and not based on the stability of the data
making the decision rules based on baseline logic difficult to apply. In order to further support
these conclusions, between-group analyses were conducted and compared to a comparison
group.

The number of trials to criterion for all participants are plotted in Figure 6 with each data
point representing a single participant. Data points falling below the horizontal line represent
mastery prior to the phase change. Comparing the medians of the three groups, an inversely
proportional relation with accuracy level was observed where lower levels of accuracy result in
higher numbers of trials to criterion. The relation is somewhat weak given significant overlap
across groups. However, a strong difference was observed between the groups exposed to
inaccurate feedback and the 100% accuracy comparison group.

Figure 7 plots the percentage of correct responses during trials in the inaccurate feedback
condition. The horizontal dotted line represents chance-level responding at 20% (5 possible

responses per trial). Visually, no significant difference was obtained between participants in the
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25% and 50% accuracy groups. Both groups show a low percentage of correct responses with the
majority of participants responding at or below chance levels. More correct responses were
emitted by participants in the 75% group, but the data are widely distributed. Participants in the
100% accuracy comparison group responded correctly most often, but some overlap was
observed with the 75% accuracy group. Figure 8 displays the same data during AF. Visually,
there is only a small difference between groups with the difference being primarily in
distribution. Taken together, these data suggest that exposure to many feedback errors inhibited
learning. Following the improvement of feedback accuracy, acquisition improved. It appears that
for some participants in each group, a carryover effect was obtained, indicated by the persistence
of incorrect responding in the presence of accurate feedback.

For further comparison between the groups, %AUC was calculated for each participant
and each phase. Data for participants in the comparison group were arbitrarily split into two
phases using the same method as for the experimental groups even though these participants
were never exposed to errors. That is, all participants in the 100% accuracy condition were
randomly assigned to a phase change at trial 160, 200, 260, or 300. Figures 9 and 10 present the
resulting data from this calculation across all participants. Visual inspection of these graphs
reveal a linear relation between feedback accuracy and %AUC with higher levels of accuracy
associated with higher rates of acquisition in both conditions. However significant overlap in the
data between groups was observed.

Figure 11 displays a visual representation of the analysis of whether participants acquired
specific incorrect discrimination responses. Tables of all indices calculated are provided in
Appendix D. Generally, participants emitted incorrect responses at or below chance levels,

suggesting that the majority of participants did not acquire any incorrect discriminations in the
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presence of inaccurate feedback. However, 14 data points in the 25% group and 4 data points
from the 50% group fell above 0.5, suggesting that in the presence of many feedback errors,
some incorrect discrimination responses were acquired. A pattern was obtained between indices
of incorrect discrimination strength and accuracy level with less data points falling substantially
above chance levels with higher levels of feedback accuracy.

To augment the visual inspection of these graphs in determining significant differences,
nonparametric statistics were employed. A nonparametric ANOVA (Kruskal-Wallis) was used to
determine whether the differences in acquisition between groups could be obtained by chance.
The results of the test showed that the differences between groups were statistically significant in
both phases (IF: H(3) =48.17, p <.0001; AF: H(3) =45.53, p <.0001). Because the Kruskal-
Wallis only determines whether any of the groups were significantly different, a Dunn’s Multiple
Comparison Test was conducted to determine which of the groups differed significantly. Table 2
shows the results of this test for both IF and AF. During both conditions, significant differences
were obtained between all groups except between 25% and 50%, and 75% and 100%. These data
suggest that the number of errors to which a participant is exposed does appear to differentially
influence learning. There appears to be a strong effect of many errors on acquisition, but there
may be a ceiling effect where some less than perfect level of feedback accuracy does not result in
stronger acquisition than perfectly accurate feedback. For example, for some participants,
exposure to 75% accuracy did not appear to hinder acquisition of the task. However, for other
participants, exposure to even a few errors appeared to have a negative effect. Given the distinct
difference between participants 111 and 112, who did not acquire the task, and the other
participants in the 75% group, it may be that the presence of even some errors significantly

impacts learning. However, it may also be that the operational definition for attendance to task
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developed for the exclusionary criterion did not capture some behavior of interest that could
otherwise explain the data.

These findings are consistent with those in Hirst et al. (2012). Specifically, both studies
found at least a weak linear relationship between the level of feedback accuracy and the rate of
acquisition of the task. Further, both studies found that groups exposed to adjacent levels of
feedback accuracy showed significant overlap in performances. The present study addressed
some limitations to the previous study. First, the present study exposed participants to twice the
number of trials in IF and the total duration of the study was approximately twice as long. This
change did not appear to result in systematic differences in the data. Additionally, the present
study also maintained tighter experimental control on the independent variable (obtained level of
feedback accuracy) and extraneous variables (number of presentations for each shape). Again, no
differences in the data were observed. Although the present study represents a systematic
replication and improvement on past research, several limitations are worthy of note.

First, the generality of these findings and their applicability to educational settings may
be limited. The present study was exploratory in nature and was conducted under highly
controlled conditions with a population of convenience and used an entirely arbitrary task.
Although the inaccurate feedback condition was extended in duration over the previous study,
the exposure to inaccurate feedback was still somewhat brief. In addition, although this study
was designed as an analogue to an educational setting, it is unlikely that teachers will deliver
blatantly incorrect feedback. The results contribute to the literature regarding how the accuracy
of feedback influences acquisition, but further research more closely modeling educational
settings is needed to determine generality. For example, various applied populations may differ

from undergraduate students in important ways. Additionally, there may have been a feature of

33



the arbitrary task that influenced learning in an unforeseen way. Thus, the purpose of study 2 was
to replicate and extend the findings in an applied population, specifically typically-developing
pre-school age children, using a non-arbitrary task.
Study 2
Method

Participants and Setting

The participants in this study were four pre-school age students (2 males, 2 females)
recruited from a Montessori school located in a large mid-western suburb. Following human
subject committee approval of the methods and incentives for the study, recruitment flyers and
consent forms were sent home with students for review by parents or guardians (see Appendices
E & F). In addition to consent provided by parents or guardians, verbal assent was obtained from
each student prior to the start of each session. The assent procedure is provided in Appendix G.
Sessions were conducted in a small room containing a large table and several chairs.
Materials

Materials for the present study consisted of four receptive tasks. Stimuli for each task
were presented on 8.5 by 11 (21.6 cm x 27.9 cm) sheets of colored paper. Each sheet was
placed in a clear plastic sheet protector and mounted on a three-ring binder. The first receptive
task consisted of the identification of a country in Asia on a blank outline map printed on pink
paper. To simplify the task, all elements of the map were blacked out except for the borders of
five countries; one target and four distracters. A trial for this task consisted of an instruction,
provided by the experimenter, to color in the target country using a dry-erase marker. The second
task consisted of the identification of an aquatic invertebrate. Drawings of five insects were

printed on a green sheet of paper. One served as the target and the other four were distracters.
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During each trial for this task, the experimenter instructed the students to find the target insect
and color it in or circle it. Third, students were instructed to identify, by tracing with a dry-erase
marker, a river in Europe. The stimuli for this task consisted of an outline of the European
continent and five thick black lines representing major rivers. Finally, the fourth task developed
for the study required students to identify an image of a moon orbiting Jupiter. A colored picture
of Jupiter was printed on a white sheet with five images of its moons oriented around it. In a
trial, the experimenter instructed to find the target moon and circle it. Stimuli for each task are
presented in Appendices H, I, J, and K and Table 3 contains the instruction script for each task
and a description of the topography of corresponding responses.

The binders contained 24 copies of the stimuli for each task totaling 96 pages. The order
of the pages in the binder, and the order of the tasks were determined by a pseudo-random
sequence such that tasks were not presented twice consecutively and each task was presented an
equal number of times. The order was randomized using a random number generator found at
http://www.random.org and two binders were created with different sequences.

Dependent Variables and Response Measurement

The dependent variable for the present study was the participants’ responses to the task.
Responses were coded as either correct or incorrect. Correct responses were defined as
identifying (i.e., coloring, tracing, or circling) the item corresponding with the instruction given
at the beginning of the trial. Correct responses were graphed as a cumulative total. The data were
graphed by blocks of 4 trials, consisting of one presentation of each task in a random order to
facilitate visual inspection of the slopes of the cumulative records. The mastery criterion applied
to each task was 10 consecutive correct responses. A sample data sheet is provided in Appendix

L.
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Interobserver Agreement and Procedural Fidelity

Interobserver agreement and procedural fidelity measures were collected for at least 30%
of trials for each condition and for each participant. Interobserver agreement was collected by an
independent observer and agreement was calculated for participant response as the number of
agreements divided by the number of agreements plus disagreements, multiplied by 100.
Interobserver agreement averaged 99.67% (range: 96.7% — 100%). Interobserver agreement
ratings for each participant by condition are provided in Table 4. To measure procedural fidelity,
a task analysis was created for the procedure consisting of four items the experimenter
implemented during each trial. The steps included presenting the correct stimuli and the correct
discriminative stimulus, providing feedback according to the programmed schedule, and
presenting a token when appropriate. Procedural fidelity was measured as the percentage of steps
performed by the experimenter during a session out of the total number of steps applicable to the
session. Procedural fidelity averaged 99.75% (range: 98.4% — 100%). Procedural fidelity
measures for each participant by condition are provided in Table 5.
Experimental Design and Procedure

The effects of four levels of feedback accuracy on learning were assessed using a
multielement design embedded within an ABC design. Each of the four receptive tasks was
associated with one of four levels of feedback accuracy: 25%, 50%, 75%, or 100%. The task
associated with each level of accuracy was counterbalanced across participants (e.g., the task
associated with 25% accuracy was different for each participant). Sessions were conducted once
per day and 2 to 3 days per week. Verbal assent was obtained prior to each session and if a
participant refused to assent for three consecutive sessions, he/she was excluded from the study.

No participants needed to be excluded due to non-assent. A session was defined as a brief
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introduction, followed by approximately 25 to 50 trials (6 to 12 trials for each task) presented in
an interspersed format, and an opportunity for participants to trade in tokens earned during the
session for an item from a “store,” which was populated based on the results of a preference
assessment. Sessions lasted between 15 and 20 minutes.

Preference Assessment and Token Economy. A multiple stimulus without replacement
preference assessment (DeLeon & Iwata, 1996) was conducted individually with each
participant. Ten leisure items were included in the assessment, which were selected for academic
or age appropriateness. The participant was allowed to interact with each item for 30 s prior to
the beginning of the assessment. During the assessment, the 10 items were placed in a horizontal
array on a table approximately 3 cm apart. The participant was seated at the table with the array
approximately 5 cm in front of his or her person. The experimenter delivered the instruction,
“Choose one” at the start of each trial. The chosen item was not replaced after being selected.
The next trial began immediately with the same instruction being delivered by the experimenter.
Trials continued until all items had been selected or until no response was made within 30 s of
the instruction. In the latter case, the remaining items were coded as “not selected.” If a
participant did not select at least five items, new items were selected to replace these items and
the preference assessment procedure was repeated with the new array of items. The top five
items selected by each participant are presented in Table 6.

The top five preferred items for each participant were used to populate a store. During a
session, participants could earn tokens in the form of small colored beads, which could be
exchanged for items from the store at the end of the session. A maximum of 25 tokens could be
earned during a session. The prices of the items in the store were set based upon the ranking of

the items in the preference assessment. The highest preferred item was worth 25 tokens and other
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item prices were set such that each item was worth five less tokens than the item ranked one spot
higher during the assessment. In order to track token earning, a token board consisting of an
outline of a thermometer with 5 equally sized segments was placed on the table. As tokens were
earned, beads were placed in one of the boxes on the thermometer. When five beads were placed
in a box, the participant was permitted to color in the box. The beads were then removed and
were placed in the next box and this repeated until the session ended.

Baseline. The purpose of the baseline condition was to assess whether the participants
had already acquired the responses to the tasks. Each trial in baseline consisted of four
components. First, the experimenter opened the binder to the first task stimulus. Next, the
experimenter delivered an instruction to identify the target item for that task (e.g., “Please trace
the Danube River with your marker”). Feedback was not delivered following the responses in
baseline and errors were not corrected. However, participants received one token on a variable
ratio 3 schedule for participation (i.e., making any response to the task and cooperating with
instructions). During baseline, the token delivery was paired with a praise statement not
associated with the task (e.g., “I like how you are sitting so nicely.”; “Thanks for cooperating and
being a good student!”). When participants inquired about the correct answer, the experimenter
informed participants “I can’t tell you yet. We have to see if you already know it first.”
Participants remained in baseline until data were stable with performance at or below chance
levels, or showed a consistent pattern of correct and incorrect responses for three or more
consecutive presentations of each task.

Inaccurate Feedback. The purpose of the inaccurate feedback condition (IF) was to
assess the effects of feedback accuracy on learning. The procedure during IF was identical to

baseline except feedback was delivered following all responses to the tasks. The form of the
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feedback varied depending on the level of accuracy associated with the task. During trials for the
task associated with 100% accuracy, all correct responses were followed by a praise statement
and one token. Incorrect responses were followed by neutral feedback (e.g., “Nice try.”) and no
tokens. During trials for the task associated with 75% accuracy, feedback was delivered
identically to the 100% accuracy task except that on one of four trials, inaccurate feedback was
given. Inaccurate feedback was defined as following a correct response with a neutral statement
and no tokens or following an incorrect response with a praise statement and one token. During
trials for the 25% accuracy task, the procedure was reversed such that three of four responses
were followed by inaccurate feedback. Finally, during trials for the 50% accuracy task, the type
of feedback was scheduled such that half of responses were followed by inaccurate feedback.
Errors were not corrected in this condition regardless of accuracy level.

Accurate Feedback. The purpose of this condition was to assess whether prior exposure
to inaccurate feedback influenced learning even after accuracy improved. The procedure for the
accurate feedback (AF) condition was identical to the procedure for IF except that feedback
errors were no longer committed. That is, all correct responses were followed by a praise
statement and one token while all incorrect responses were followed by a neutral statement and
no tokens.

Data Analysis

Data on correct responses for each task were graphed as the cumulative total of correct
responses. A slope of 1.0 represents perfect acquisition of the task while slopes lower than 1.0
represent lower rates of acquisition. The decision on whether an effect was obtained was made
by applying baseline logic during visual inspection of the multi-element design graphs. For the

present study, the decision on whether an effect was obtained will be made if the data series for
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each level of treatment integrity are consistently differentiated over time. If the data series are
consistently differentiated, the conclusion will be drawn that the conditions influence behavior
differently. However, if the series are not differentiated, it will not be concluded that the
conditions influenced behavior differently.

An analysis was also conducted to determine whether the failure to acquire tasks during
IF was associated with specific patterns of responses. The frequency of each possible response (1
target, 4 distractors, and responses other than the five programmed comparison stimuli) was
counted for each task. An index of discrimination strength was calculated by dividing the
frequency of each selection by the number of presentations of the task during IF. Since there
were 5 programmed comparison stimuli for each task, an index of 0.20 approximates chance
levels. Indices substantially above 0.20 for incorrect responses may represent the acquisition of
an incorrect discrimination response.

Results and Discussion

Figure 12 depicts data for participant A. During baseline, correct responses were emitted
near or below chance levels, indicating the tasks had not already been mastered. During IF, the
task associated with 100% accurate feedback was mastered at block 19, and the tasks associated
with inaccurate feedback continued with a low proportion of correct responses. No observable
differentiation between the inaccurate feedback conditions was observed. During AF, acquisition
of the tasks previously associated with inaccurate feedback occurred. The first to meet mastery
criterion was the task previously associated with 50% accuracy after 22 trials at block 50. The
25% accurate feedback task was mastered after 3 additional trials at block 53. Last, the task
previously associated with 75% accuracy was mastered after 26 trials at block 54. After a period

of 4 weeks, a maintenance probe was conducted. For all tasks except the task previously
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associated with 25% accuracy, correct responses were emitted for all blocks. For the 25%
accuracy task, correct responses were emitted during the first 3 blocks, followed by three
incorrect responses during the last 3 blocks.

Data for participant B are depicted in Figure 13. There were no correct responses emitted
during baseline, indicating that the tasks had not been previously learned. During IF, participant
B did not demonstrate acquisition of any tasks initially. Correct responses were emitted near or
below chance levels for approximately 144 blocks. At block 119, the neutral statement following
an incorrect response to the 100% accuracy tasks was modified to “No, that’s not it. Maybe try
picking a different one next time.” This change to the procedure was made because participant B
was consistently emitting the same incorrect response and not sampling the contingencies during
the 100% accuracy task. The feedback delivered in its original format did not appear to influence
her behavior. That is, receiving feedback that her response was incorrect did not result in varied
responding on future trials. This pattern was not observed for the other three tasks. The block at
which the feedback was changed is depicted by an asterisk on the graph. At block 159, the
mastery criterion for the 100% accuracy task was met. No other tasks were mastered during IF.
During AF, acquisition of the tasks previously associated with inaccurate feedback was
observed. The 75% accuracy task showed acquisition first, but incorrect responses were still
emitted until the mastery criterion was met after 63 trials at block 229. The task associated with
50% accuracy was mastered after 66 trials at block 232. The 25% accuracy task was mastered
after 68 trials at block 234. During a maintenance probe, correct responding continued for all
tasks.

Figure 14 portrays data for participant C. Correct responding occurred at or below chance

levels during baseline. During IF, the task associated with 100% accuracy was mastered in 11
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trials, meeting criterion at block 19. The tasks associated with inaccurate feedback were not
acquired during IF and little differentiation between the tasks was observed. During AF, the first
task to be mastered was the task previously associated with 75% accuracy, meeting criterion in
10 trials at block 33. The 25% accuracy task was mastered in 19 trials at block 42. The task
previously associated with 50% accuracy was mastered in 34 trials at block 57. During a
maintenance probe, correct responses were emitted for all tasks except the task previously
associated with 50% accuracy. No correct responses were emitted for this task.

Data for participant D are displayed in Figure 15. During baseline, no correct responses
were emitted. During IF, the 100% accuracy task was mastered in 14 trials at block 18. The tasks
associated with inaccurate feedback were not acquired with only one correct response emitted
between the three tasks. During AF, the first task to be mastered was the task previously
associated with 75% accuracy in 11 trials at block 31. Second, the task previously associated
with 25% accuracy was mastered in 14 trials at block 34. The 50% accuracy task was mastered
last after 23 trials at block 43. During the maintenance probe, participant D emitted correct
responses for the task previously associated with 50% accuracy. Three correct responses out of
four blocks were emitted for the 100% accuracy task. Out of four blocks, two correct responses
were emitted for the 25% accuracy task and one for the 75% accuracy task.

The results demonstrate a clear difference between learning under 100% accurate
feedback and any amount of inaccurate feedback. That is, task acquisition occurred the most
rapidly and consistently when only accurate feedback was provided. However, a clear relation
was not obtained for the three levels of inaccurate feedback. During IF, acquisition was largely
undifferentiated between the three imperfect feedback conditions for three of four participants.

At the end of IF, participant B showed a differentiation in the expected pattern, with the most
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correct responses emitted to the 100% accurate feedback task and the least to the 25% accurate
feedback task, although the difference between them was minimal. In contrast, the other
participants showed no differentiation or even a slight differentiation counter to expectations
(participant C). The relation between the level of feedback accuracy and the magnitude of delay
obtained in AF before the task was mastered was also not clear. Again, participant B acquired the
three inaccurate feedback tasks in the expected order with the highest level of accuracy
associated with the shortest delay to mastery (75% accuracy). However, this pattern did not
occur with the other three participants. Finally, during maintenance probes, the level of feedback
accuracy previously associated with the tasks did not appear to systematically influence
maintenance. Participant A failed to maintain mastery of the task previously associated with 25%
accurate feedback. However, participant D showed the lowest maintenance of the task associated
with 75% accurate feedback and for participant C, the 50% accurate feedback task.

A consistent pattern was obtained, however, on the basis of the task. That is, when the
river task was associated with any level of inaccurate feedback, maintenance of the task was low.
In addition, when the river task was associated with 100% accurate feedback (participant B)
incorrect responses were still occasionally emitted even after the task had met mastery criterion.
It may be that the river task was qualitatively more difficult than the other three tasks, that is, the
relevant features of the stimuli may have been less discriminable.

The results of the analysis of indices of incorrect discrimination response strength are
depicted graphically in Figure 16. The top panel depicts the strength of incorrect discrimination
responses as represented by the proportion of selections during IF. Generally, it appears that
participants acquired incorrect discrimination responses to the tasks associated with inaccurate

feedback. That is, participants selected the same incorrect response for which they occasionally
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received praise and a token until AF was implemented. The analysis showed that this did not
occur during the task associated with only accurate feedback. The bottom panel depicts the same
data, but organized by task. This analysis was used to determine whether incorrect
discriminations learned were better predicted on the basis of condition or task. The data support
the conclusion that a consistent pattern for the acquisition of incorrect discriminations was
obtained by condition. Variability was approximately equal across tasks.

The results of the present study are consistent with previous research and with the results
of study 1 in that the best learning outcomes were obtained when only accurate feedback was
delivered. The lack of differentiation during IF between the three levels of inaccurate feedback
appears to be consistent with the overlap between groups in study 1. DiGennaro Reed et al.
(2011) also showed little differentiation between conditions in which various levels of errors
were committed. Although the results of the present study extend the line of research on
feedback accuracy, a few limitations should be noted. Although the present study was designed
to more closely approximate an educational setting, it is unlikely that teachers will consistently
deliver blatantly inaccurate feedback. Additionally, the present study evaluated the acquisition of
a non-arbitrary task but is not likely representative of the range of academic tasks to which
students are exposed.

General Discussion

The purpose of study 1 was to evaluate the effects of feedback accuracy on learning
under highly-controlled laboratory conditions, and to systematically replicate and extend the
findings of previous research. Study 2 was an extension of this line of research to a setting and
population more closely mimicking an applied educational context to assess the generality of the

effects outside of the laboratory. The present studies yielded similar results. When the feedback
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delivered following responses was inaccurate, participants failed to acquire the tasks. Both data
sets demonstrate at least a weak linear relation between feedback accuracy and acquisition rate.
The highest rates of acquisition occurred during 100% feedback accuracy and the lowest rates
occurred during 25% feedback accuracy. It is important to note, however, that the differences
between the three conditions associated with inaccurate feedback do not appear to represent
clinically meaningful differences and a significant amount of overlap across conditions was
observed in both studies.

A similar finding was also obtained for the analysis involving indices of discrimination
response strength. In both studies, the delivery of feedback at 25% and 50% accuracy appears to
support the acquisition of some incorrect discriminations as represented by participants selecting
a specific incorrect response consistently in the presence of a sample stimulus. For example,
participant 202 (study 1, 25% accuracy group) selected “bifdo” in response to 90% of the
presentations of the shape associated with “zitaaf.” Similarly, participant A selected the Dnieper
River in response to 63.6% of the presentations of the discriminative stimulus “Danube River”,
which was the task associated with 25% feedback accuracy. Many other incorrect discrimination
responses were emitted at or below chance levels in both studies, suggesting that inaccurate
feedback does not consistently support the acquisition of incorrect responses in all participants.
For participants who did not appear to acquire an incorrect discrimination response, response
patterns were more consistent with random patterns of responding.

Comparisons between data from both studies during AF also reveal similarities. Measures
of acquisition for the tasks previously associated with 25% and 50% accuracy were not
differentiated in either study. The data were widely distributed across participants and a

comparison of distribution via ranges of percent correct responses emitted during AF revealed
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considerable overlap across studies. Additionally, the carryover effect of prior exposure to
inaccurate feedback was replicated across studies. That is, a carryover effect was obtained for
some, but not all, participants across conditions and studies illustrated by a delay to acquisition
following the removal of feedback errors.

Due to the consistency of findings across studies, several conclusions have been
supported. First, the most desirable learning outcomes were obtained when students were never
exposed to inaccurate feedback. Initial acquisition occurred most rapidly under 100% accurate
feedback and acquisition was consistently maintained both across sessions and during
maintenance probes. For some undergraduate student participants in study 1, slight deviation
from the prescribed feedback procedure as represented by the 75% accuracy condition did not
result in a significantly reduced rate of acquisition. However, some participants showed a high
sensitivity to the delivery of occasionally inaccurate feedback, which was especially apparent in
the data from child participants in study 2. Third, exposure to many trials of inaccurate feedback,
represented by the 25% and 50% accuracy conditions, consistently resulted in failures to acquire
correct discrimination responses. Fourth, for participants who did not master the discrimination
tasks, responses to the tasks were consistent with one of two patterns. Participants either
responded randomly suggesting that exposure to inaccurate feedback resulted in a failure to
acquire the correct response, or participants responded in a pattern consistent with the acquisition
of a specific incorrect discrimination. Finally, with the exception of the conclusion that learning
occurred most reliably when feedback provided was accurate, the results of both studies show a
high degree of idiosyncrasy in results across participants.

Furthermore, the results are consistent with previous research on feedback accuracy,

specifically those of Hirst et al. (2012). The weak linear relation between accuracy and task
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acquisition was replicated in study 1 and the results were extended by providing a more in-depth
analysis of response patterns associated with learning under conditions of feedback inaccuracy.
Study 2 yielded similar results in a more applied context supporting the generality of the findings
across settings and populations. Of note was that when child participants were exposed to
inaccurate feedback, a more pronounced effect was obtained with all participants failing to
acquire the task associated with 75% accurate feedback compared to the 4 participants in study 1
who met the mastery criterion during IF.

The present studies contribute to the literature on performance feedback, instruction, and
staff training. Firstly, these findings provide a foundation for the examination of accuracy as a
dimension of performance feedback. Meta-analyses and reviews have compiled a number of
feedback characteristics and dimensions that have been shown to influence its efficacy (e.g.,
Balcazar, Hopkins, & Suarez, 1985). Among these characteristics are source, medium, privacy,
and content (Alvero et al., 2001). The results of the present studies suggest that the accuracy of
feedback might be included as well. Although the method used to evaluate feedback accuracy
represents an extreme case of inaccurate feedback in the form of blatantly incorrect feedback,
variations and lesser forms of feedback inaccuracy may occur in organizational settings. For
example, if an individual receives feedback from two supervisors who differentially apply
criteria for correct and incorrect performances, an individual may receive both positive and
corrective feedback for the same behavior. Students receive feedback often in educational
settings either in written form, verbal feedback, or through numeric or letter grades. When a
learning task has well-defined correct and incorrect responses, it may be unlikely that students
will encounter inaccurate feedback or conflicting feedback from two sources. However, it might

be more probable that inaccurate or conflicting feedback could be delivered following responses
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to more abstract, creative, or conceptual tasks. The present studies represent a beginning in a line
of research necessary to delineate this dimension.

Second, an interpretation of the carryover effect obtained during AF might be informed
by the instructional control literature. The results of several studies have shown that instructional
control of behavior, under some conditions, can prevent individuals from contacting underlying
reinforcement contingencies, resulting in a failure to maximize reinforcement (e.g., Galizio,
1979). The function of the feedback provided in both studies was not explicitly evaluated, but it
is likely that the feedback served multiple functions. One function that has been suggested for
feedback is a contingency specifying stimulus (Agnew & Redmon, 1993). That is, participants
may have developed a set of rules following receipt of feedback such that if feedback was
received indicating the preceding response was correct, the contingency specified is that in the
same context in the future, the same response will be reinforced. This assumes that receiving
positive feedback serves as a reinforcer. An opposite rule might be specified when feedback is
received that the preceding response was incorrect. An interpretation based on these findings
would suggest that participants developed rules during IF and continued to follow those rules
during AF when the contingencies had changed. The carryover effect, or the delay before
participant responses changed to correspond to the new contingencies in place may represent the
rigidity of rule-governed behavior described by studies on instructional control (e.g., Shimoff,
Catania, & Matthews, 1981).

The present studies were designed as analogues for educational settings. Implications for
educational practices and teacher training may be drawn. As these results and the results of
parametric analyses of treatment integrity or instructional fidelity have demonstrated, the most

desirable educational outcomes are typically achieved when procedures are implemented
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precisely as intended. Although a growing body of literature has brought the necessity of fidelity
monitoring to light in the area of treatments for undesirable behaviors (e.g., Northup et al., 1997;
Vollmer et al., 1999; St. Peter Pipkin et al., 2010), fewer studies have focused on the fidelity of
instructional procedures, although this area is growing as well (e.g., Noell, Gresham, & Gansle,
2002; Holcombe, Wolery, & Snyder, 1994; Grow et al., 2009; DiGennaro Reed et al., 2011;
Hirst et al., 2012). These data support the importance of ensuring high levels of implementation
during instruction in order to achieve the best learning outcomes. There are implications for
teacher and staff training, specifically for mastery criteria applied during initial and follow-up
training. The staff training literature has several recommendations for designing effective
training programs. One such recommendation is that training be performance- and criterion-
based, which is defined as a continuing training effort ending only when staff demonstrate the
criterion level of performance targeted (Reid & Parsons, 2002). The literature contains a wide
variety of mastery criteria for implementation proficiency on the part of staff or teachers. In the
context of the implementation of behavior support plans, Reid and Parsons (2002) have
suggested the 80% Rule, that is, a behavior support plan implemented at 80% is likely to be
effective (p. 204). The authors refer to this rule as more of a guideline as individual support plans
may require a higher level of implementation and criterion performance should be determined on
a case-by-case basis. Parametric analyses of fidelity and feedback procedures may serve to
inform guidelines for staff training such as the 8§0% Rule. The results of the present study and
other aforementioned studies suggest that in a small number of cases, 75% implementation may
result in desired outcomes with adult participants, but the data do not support the same
conclusion for children. It may be the case that 80% implementation or accuracy may be

sufficient in some cases. However, further titrations are necessary in both lines of research to
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determine if there is a level of accuracy or fidelity that yields outcomes similar enough to perfect
levels. It is not likely that these parallel lines of research will arrive at a solid criterion given the
idiosyncrasy of findings across participants, until the variables that result in individual
differences are identified.

The present studies also yielded results consistent with the results of parametric analyses
of treatment integrity, which may have implications for future research on feedback accuracy.
DiGennaro Reed et al. (2011) was framed as a parametric analysis of varying levels of treatment
integrity during a discrete trial instruction procedure. Although the purpose of the present
analysis was framed around feedback accuracy, similar behavioral principles or processes may
be involved. Some have argued that feedback can serve a reinforcement function (e.g., Peterson,
1982). For individuals who have a long history of reinforcement for responding to feedback, the
feedback might acquire this function as a conditioned reinforcer. Although the present studies
did not evaluate whether the feedback provided functioned as a reinforcer, if this function were
found, then the methodology of the present studies closely resembles that of several studies in
the treatment integrity literature that experimentally manipulated reinforcement procedures.
Deviations from prescribed feedback procedures may therefore be included among the numerous
errors already examined in the integrity literature.

A relation between feedback accuracy and treatment integrity, if confirmed, has
implications for future research. For example, past parametric analyses of integrity have shown
sequence effects, with a reduced negative impact of degradations in treatment integrity if
integrity was initially high. St. Peter Pipkin et al. (2010) showed that if the integrity of a
procedure designed to reduce problem behavior was reduced following a period of perfect

implementation, a lesser impact on behavior was obtained. Northup et al. (1997) showed that
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when a treatment was initially implemented perfectly, treatment effects were maintained until
implementation strength reached 20%. Future research might examine whether similar sequence
effects are obtained for the accuracy of feedback. This might prove to be important information
for educators and staff trainers. Follow-up strategies are important components of staff training
procedures as the implementation of new skills tends to decay between training and the
opportunity to implement the procedure in the classroom (Noell, Duhon, Gatti, & Connell,
2002). Following initial training, staff often require follow-up coaching to shape and maintain
implementation behaviors with fidelity (e.g. Fixsen, Naoom, Blase, Friedman, & Wallace, 2005).
In the present studies, when initial feedback accuracy was low, a persistent effect was obtained
even after accuracy improved. Although in both studies the carryover effect was somewhat short-
lived, delays accumulating as a result of consistently inaccurate feedback across learning tasks
could result in a significant delay in a student’s overall learning (Grow et al., 2011). If initially
accurate feedback can be demonstrated to reduce the negative impact of future degradations in
accuracy, the necessity of resource-intensive follow-up strategies may be reduced and negative
impacts on student learning might be prevented by ensuring initial accuracy.

There are some limitations to the present studies that serve to temper these conclusions,
but they also provide directions for future research. There is only a limited pool of extant
research on the topic of feedback accuracy so the present studies were exploratory in nature. As
such, they were designed to examine the effects of experimentally manipulating feedback under
ideal conditions in a translational, human operant paradigm. Because the studies were conducted
in analogue settings, the generality of these findings to applied educational settings may be
limited. Future research might more closely emulate these applies settings to test for

generalization. Secondly, the experimental manipulation of feedback accuracy represented an

51



extreme case of inaccurate feedback with feedback delivered that was dichotomously opposed to
the prescribed feedback. It is unlikely that teachers would consistently deliver blatantly incorrect
feedback to students at the high rates assessed in the present studies. As previously discussed, it
may be more likely that feedback inconsistency would occur being delivered by two different
sources. Third, although study 1 extended the exposure to inaccurate feedback to which
participants were exposed compared to Hirst et al. (2012), the exposure was still relatively brief
and the results of both studies remained comparable suggesting that a modest increase in
exposure did not augment the effect. It may be, however, that a significant increase in the
duration of exposure to inaccurate feedback may prolong the carryover effect obtained.

Some supplemental observations made during study 2 may also provide directions for
future research. In Figure 6, the number of trials to criterion for participants in study 1 are plotted
and a weak inversely proportional relation between accuracy level and the number of trials to
criterion with higher levels of accuracy resulting in fewer trials before the mastery criterion was
met. This relation was not replicated in study 2. One might predict that the tasks previously
associated with higher levels of feedback accuracy would be acquired first, but this was not
typically the case. For example, participant A acquired the task associated with 50% accurate
feedback first out of the three inaccurate feedback tasks and the 75% accuracy task last.
Additionally, participants C and D acquired the 25% accuracy task before the 50% accuracy task.
Given the degree of overlap in trials to criterion across the three inaccurate feedback conditions
in study 1, it is not overly surprising that the sequence of acquisition among the relatively small
sample of participants in study 2 would be inconsistent. Also, conclusions about the sequence of
acquisition may have been confounded by heuristics applied by participants. Participant A tacted

such a rule during the session preceding the session during which he met criterion for all three
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inaccurate feedback tasks. That is, after the contingencies had changed, he tacted that he would
try each of the possible responses until he got them right. He then proceeded to select each
possible response systematically moving from right to left on each page. Because of this
systematic pattern of responding, he contacted accurate, positive feedback for the 25% and 50%
accuracy tasks first because both target stimuli were on the right side of their respective arrays.
The other three participants did not overtly tact any strategies during AF, but it may be the case
that the acquisition sequence was confounded for similar reasons.

A second observation might direct future research. Participant D in study 2 frequently
tacted a discrepancy in feedback when the two different forms of feedback possible followed the
same response on consecutive presentations of a task. For example during the moon task, the
discriminative stimulus “lo” was presented and participant D selected Europa (one of the
distracters) and received feedback indicating that was the correct answer. On the next
presentation of the moon task, she selected Europa again and received feedback that it was an
incorrect answer. On several occasions where this pattern of responding and feedback occurred,
the participant would ask, “Why do you keep doing that?”” The other three participants did not
explicitly tact the salience of the inconsistent feedback delivered during IF. It is possible that the
inconsistent feedback presented resulted in a self-generated rule that may have influenced
responding during the tasks. Her behavior is suggestive of a lower sensitivity to the feedback
provided than other participants given the prolonged number of trials required to reach mastery
criterion even for the task associated with 100% accurate feedback. An empirical question that
might be examined in the future is whether and to what extent self-generated rules influence

sensitivity or compliance to feedback delivered by an outside source.
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Both a limitation and a direction for future research along the current line is the
interaction of task difficulty and inaccurate feedback. Study 2 used a counter-balanced
multielement design to examine the effects of four levels of inaccurate feedback on acquisition
within-subjects. Because four different tasks were used, it is possible that some of the effects
may have been influenced by differential difficulty between the four tasks, although an effort
was made to control for this variable. A difference in maintenance of learning was observed
across participants in study 2. This difference was better predicted on the basis of task (the river
task) than by accuracy level, which suggests that the task itself may have influenced the rate of
learning. It may be the case that less accurate feedback is required to promote acquisition for
easy tasks than for more complex or difficult tasks.

Finally, feedback delivered in organizational and educational settings is not always
delivered alone. Reviews of the characteristics of feedback that influence efficacy have shown
that feedback combined with other procedures such as reinforcement results in more consistent
positive effects than feedback alone (Alvero et al., 2001). Although, study 2 incorporated a
putative conditioned reinforcement procedure by including a token economy, which was
manipulated along with feedback errors, the data obtained are insufficient to determine whether
the tokens actually served as reinforcers during the study. Future research might examine
whether the addition of consequent procedures, such as positive or negative reinforcement, to a
manipulation of feedback accuracy influences acquisition.

Conclusion

The present studies evaluated the short- and long-term effects of varying levels of

feedback accuracy on the acquisition of a match-to-sample task. The results support the

conclusion that exposure to inaccurate feedback results in a delay to acquisition, which persists
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after the accuracy of feedback improves. The results were consistent across experimental
preparations and replicated the effects found in previous research. Although little research has
examined feedback accuracy explicitly, the similarities between the present studies and the
extant literature on treatment integrity and instructional control provide a basis for an
interpretation of the results from several perspectives. Further research is needed to determine
whether these similarities are representative of similar behavioral processes. These results and
those of future research may help to inform understanding of the function of feedback and its
dimensions, which may have implications for the use of feedback in educational or

organizational settings.
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Table 1

Target shapes and corresponding names
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Table 2

Significance levels of Dunn’s Multiple Comparison Test. Data above the diagonal represent
significance levels of differences between groups in the inaccurate feedback condition. Data
below the diagonal represent significance levels between groups during the accurate feedback
condition. Non-significant differences are marked as ns.

Group 25% Accuracy 50% Accuracy 75% Accuracy 100% Accuracy
25% Integrity - ns .0001 .0001
50% Integrity ns - .001 .0001
75% Integrity .0001 .01 - ns
100% Integrity .0001 .0001 ns -
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Table 3

List of instructions delivered for each task. For instructions not specifying a specific response
topography, any discrimination response was accepted as a response.

Task Instruction Accepted Responses

Insects “Which one is the <target>?" Circle with marker, color with marker,
“Where is the <target>?” touch with marker, point with finger,
“Circle the <target>.” touch with hand
“Color in the <target>.”
“Find the <target>.”

Rivers “Trace the <target>.” Circle with marker, color with marker,
“Which one is the <target>?” touch with marker, point with finger,
“Where is the <target>?” touch with hand
“Find the <target>.”
“Circle the <target>.”

Countries “Color in <target>.” Circle with marker, color with marker,
“Where is <target>?” touch with marker, point with finger,
“Which one is <target>?" touch with hand
“Circle <target>.”
“Find <target>.”

Moons “Circle <target>.” Circle with marker, color with marker,

“Which one is <target>?"
“Where is <target>?”
“Find <target>.”

touch with marker, point with finger,
touch with hand
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Table 4

Interobserver agreement by participant and condition

Condition
Inaccurate Accurate Maintenance
Participant Baseline = Feedback Feedback Probe Total
A 100% 96.70% 100% 100% 98.59%
B 100% 99.12% 98.89% 100% 99.15%
C 100% 100% 100% 100% 100%
D 100% 100% 100% 100% 100%
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Table 5

Procedural fidelity by participant and condition

Condition
Inaccurate Accurate Maintenance
Participant Baseline = Feedback Feedback Probe Total
A 100% 99.58% 100% 100% 99.82%
B 100% 99.12% 100% 100% 99.44%
C 98.44% 100% 100% 100% 99.58%
D 100% 100% 98.89% 100% 99.55%
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Table 6

Preferred items identified during the preference assessment for each participant

Participant

Items selected

A

SNhBPWDE R W= R =

Nk W=

rubber popper

zoo animal sticker
star sticker
animal eraser
pencil grip

colorful pencil
star-shaped eraser
tie-dye pencil
pencil grip

box of 4 crayons

zoo animal sticker
star sticker

star eraser

pencil grip

rubber popper

monster finger puppet
rubber popper

zoo animal sticker
box of 4 crayons

star sticker
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Figure Captions

Figure 1. Screenshot of the computer interface during the match-to-sample task displaying
“Correct” feedback in green below the sample stimulus.

Figure 2. Screenshot of the computer interface during the match-to-sample task displaying
“Incorrect” feedback in red below the sample stimulus.

Figure 3. Cumulative records for participants in the 25% accuracy group. The solid data path is
cumulative correct responses, the dashed line represents perfect responding, and the
shaded region shows the range of performances for participants in the comparison group.

Figure 4. Cumulative records for participants in the 50% accuracy group. The solid data path is
cumulative correct responses, the dashed line represents perfect responding, and the
shaded region shows the range of performances for participants in the comparison group.

Figure 5. Cumulative records for participants in the 75% accuracy group. The solid data path is
cumulative correct responses, the dashed line represents perfect responding, and the
shaded region shows the range of performances for participants in the comparison group.

Figure 6. Number of trials before mastery criterion of 15 consecutive correct responses was met
displayed by group. Each data point represents one participant. Data points below the
delta on the Y-axis, in the shaded region, represent mastery before the phase change from
inaccurate feedback to accurate feedback.

Figure 7. Percent correct responses during the inaccurate feedback condition by group. Each data
point represents one participant. The dotted horizontal line at 0.2 represents chance level

responding. The solid horizontal lines display the arithmetic mean for each group.
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Figure 8. Percent correct responses during the accurate feedback condition by group. Each data
point represents one participant. The dotted horizontal line at 0.2 represents chance level
responding. The solid horizontal lines display the arithmetic mean for each group.

Figure 9. Standardized percent area under the curve during the inaccurate feedback condition by
group. Solid horizontal lines are the arithmetic mean for each group.

Figure 10. Standardized percent area under the curve during the accurate feedback condition by
group. Solid horizontal lines are the arithmetic mean for each group.

Figure 11. Index of strength of incorrect discriminations as represented by the proportion of
incorrect selections of comparison stimuli in the presence of all sample stimuli for all
participants by group.

Figure 12. Data for participant A.

Figure 13. Data for participant B.

Figure 14. Data for participant C.

Figure 15. Data for participant D.

Figure 16. Index of strength of incorrect discriminations as represented by the proportion of

incorrect selections of comparison stimuli in the presence of each sample stimulus for all

participants by condition (top panel) and by task (bottom panel).
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Cumulative Correct Responses
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Appendix A
Participant recruitment script

“The purpose of the study is to assess learning under different qualities of instruction. The study
will consist of a task presented by a computer program. The task will require that you look at a
nonsense shape and choose a nonsense name that corresponds to that shape. The study requires
approximately one hour to complete and in exchange for your participation, you will receive
0.5% extra credit towards your final grade in the course, which is about 4 points. You will be
able to sign up for a time to participate on the Blackboard site under the Other Extra Credit
section in the Research Participation folder. There are currently X sessions scheduled: /[session
times]. You may only participate once in this study so please only sign up for one session. If you
sign up and are unable to attend, please remove your name from the sign-up list. If you do attend
a session, please arrive on time so that we may start, and end, on time. If anyone has any
questions, you may ask me after class or send me an email.”
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Appendix B

Demographic survey

Please answer the following:

1. Gender 2. Age
3. Ethnic Background Disability Status

| n .

Have you had prior exposure to character-based written
languages (e g., Chinese, Japanese, etc.)?

(R

‘ Submit ‘
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Appendix C
Participant Introduction Script

“Welcome and thank you for keeping your appointment. Please read over this consent form and
if you agree to participate, please sign the last page and retain the first page for your records. |
will be around to collect them when you have finished.”

<<after collecting consent forms, assign participants to a computer>>

“Thank you for your participation in this study. The purpose of the task you will complete is to
assess learning under different qualities of teaching.

Prior to beginning the task, you will be asked to complete a brief survey. Please note that the
information you give on this survey will be kept confidential and will not be linked to your
identity in any way. Your identity will not be revealed at any time without you explicit written
consent and your performance on the task will be linked only to a participant number. If you
have a question during the course of the study, please remain seated and raise your hand. The
experimenter will be available to assist you. To maintain conditions required for the study, some
questions will not be answered until all participants have completed the study. The experimenter
will record your question and will follow-up via email at the conclusion of data collection.”
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Indices of Discrimination Strength

25% Accuracy Group 1

Appendix D

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
101 zitaaf  0.219 0.063  0.063  0.063 0.188 0.094 0.125 0.031  0.156
raopol  0.031 0.094 0.125 0.031 0.156 0.094 0.156  0.156  0.156
smuzy 0.063 0.219 0.094 0.063 0.219 0.031 0.063 0.094 0.156
punfi ~ 0.156 0.063  0.094  0.156 0.063 0.125  0.094 0.063  0.188
bifdo  0.156 0.063 0.063  0.000 0.094 0.156 0.094 0.156  0.219
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist. 1 Dist.2 Dist.3 Dist. 4
102 zitaaf  0.150 0.025  0.050  0.000 0.275 0.050 0.100  0.200  0.150
raopol  0.050 0.200 0.125  0.050 0.250 0.050 0.075  0.050  0.150
smuzy 0.050 0.025 0.100  0.025 0.250 0.175 0.150 0.075  0.150
punfi ~ 0.025 0.075 0.050 0.125 0.250 0.050 0.150  0.050  0.225
bifdlo  0.350 0.050 0.025 0.025 0.150 0.025 0.025 0.225  0.125
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist. 1 Dist.2 Dist.3 Dist. 4
103 zitaaf  0.327 0.077 0.077  0.135 0.288 0.019 0.038 0.019 0.019
raopol  0.096 0.019  0.000  0.000 0.308 0.019 0.000 0.000 0.558
smuzy 0.038 0.000 0.019 0.019 0.827 0.000 0.000 0.000 0.096
punfi ~ 0.038 0.269 0.115 0.519 0.019 0.000 0.019 0.019  0.000
bifdo  0.846 0.000 0.000  0.000 0.077 0.077  0.000  0.000  0.000
Response
Participant zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
104 zitaaf  0.067 0.017  0.100  0.033 0.117 0.033  0.167 0.367 0.100
raopol  0.017 0.017  0.000  0.000 0.067 0.050 0.633 0.017 0.200
smuzy 0.000 0.067 0400 0.167 0.017 0.183 0.000 0.083  0.083
punfi ~ 0.067 0.017 0.000  0.050 0.783 0.000 0.000 0.067 0.017
bifdo  0.083 0.017 0.000 0.033 0.150 0.150 0.250 0.317  0.000
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25% Accuracy Group 2

Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
201 zitaaf  0.344 0.031 0.156  0.125 0.063 0.063 0.063 0.031 0.125
raopol 0.031 0.031 0.125  0.000 0.031 0.250 0.156  0.031  0.344
smuzy 0.156 0.000 0.063  0.000 0.406 0.188 0.031  0.000 0.156
punfi ~ 0.063 0.000 0.156  0.156 0.094 0.031 0.125 0.031  0.344
bifdko  0.469 0.000  0.031 0.031 0.063 0.188  0.156  0.000  0.063
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
202 zitaaf  0.025 0.025  0.000  0.025 0.900 0.000 0.000  0.000 0.025
raopol  0.025 0.025  0.000  0.000 0.000 0.450 0200 0.000  0.300
smuzy 0.000 0.150 0.000 0.050 0.075 0.075 0.250 0.000  0.400
punfi ~ 0.025 0.025 0.000  0.025 0.025 0.200 0.375 0.000 0.325
bifdlo 0.875 0.000 0.000 0.025 0.075 0.025 0.000  0.000  0.000
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
203 zitaaf  0.288 0.058  0.115  0.038 0.212 0.058 0.154 0.058  0.019
raopol 0.058 0.231 0.058  0.038 0.115 0.019 0.096 0.096  0.288
smuzy 0.115 0.115 0.192  0.096 0.115 0.077 0.173  0.019  0.096
punfi ~ 0.038 0.019 0.000 0212 0.115 0.058 0.115 0.308 0.135
bifdo 0.173 0.058 0.038  0.000 0.115 0.288 0.115 0.154  0.058
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
204 zitaaf  0.133  0.050 0.033  0.067 0.133 0.183 0.133  0.100  0.167
raopol  0.067 0.217 0.067  0.033 0.233 0.150 0.133  0.050  0.050
smuzy 0.033 0.033  0.283  0.067 0.133 0.067 0.133  0.083  0.167
punfi  0.067 0.083  0.033  0.250 0.267 0.017 0.117  0.100  0.067
bifdko 0.167 0.067 0.150 0.067 0.083 0.100 0.033 0.050 0.283
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25% Accuracy Group 3

Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
301 zitaaf  0.313 0.000 0.125 0.000 0.000 0.125 0.094 0344 0.000
raopol 0.156 0.063  0.031 0.188 0.125 0.094 0.156  0.188  0.000
smuzy 0.063 0.000 0.344 0.156 0.000 0.125 0.188  0.094 0.031
punfi ~ 0.000 0.000 0.031 0.031 0.875 0.000 0.063  0.000 0.000
bifdo  0.406 0.000 0.000 0.219 0.000 0.156 0.156  0.063  0.000
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
302 zitaaf  0.275 0.050  0.075 0.025 0.150 0.125 0.100  0.125  0.075
raopol 0.100 0.200  0.025 0.025 0.075 0.025 0.150 0.225 0.175
smuzy 0.100 0.075 0.225 0.050 0.175 0.075 0.100 0.125  0.075
punfi ~ 0.075 0.050 0.000 0.275 0.125 0.075 0.075 0200 0.125
bifdo  0.300 0.000 0.025 0.050 0.050 0.125 0.175 0.150  0.125
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
303 zitaaf  0.096 0.000 0.192  0.192 0.077 0.058 0.096 0.096 0.192
raopol  0.096 0.000 0.038  0.058 0.635 0.038 0.038  0.058  0.038
smuzy 0.019 0.038 0.077 0.019 0.673 0.038 0.019 0.096 0.019
punfi  0.192 0.000 0.019 0.019 0.000 0.269 0.173 0308 0.019
bifdo 0.058 0.019 0.212 0.192 0.058 0.000 0.192  0.096 0.173
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
304 zitaaf  0.100 0.100 0.117  0.067 0.083 0.150 0.217 0.083  0.083
raopol 0.217 0.150  0.050  0.050 0.067 0.083 0.033 0317 0.033
smuzy 0.000 0.017 0.283 0.033 0.367 0.133 0.050 0.083  0.033
punfi ~ 0.050 0.100 0.017  0.200 0.450 0.050 0.050 0.050 0.033
bifdo  0.667 0.050  0.033 0.033 0.033 0.033 0.000 0.133  0.017
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25% Accuracy Group 4

Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
401 zitaaf  0.188 0.063  0.031 0.063 0.156 0.156 0.188  0.031 0.125
raopol 0.094 0.031 0.000  0.031 0.250 0.188 0313 0.000 0.094
smuzy 0.063 0.031 0.063 0.000 0.313 0.125 0313 0.000  0.094
punfi  0.094 0.031 0.000 0.000 0.500 0.063 0.125 0.063 0.125
bifdo  0.719 0.000 0.000  0.031 0.094 0.031 0.094 0.031 0.000
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
402 zitaaf  0.300 0.025 0.050 0.025 0.300 0.100 0.100 0.025 0.075
raopol 0.125 0.050 0.050  0.050 0.250 0.075 0.225 0.100 0.075
smuzy 0.100 0.050 0.100 0.025 0.350 0.075 0.150 0.050 0.100
punfi  0.075 0.050 0.000 0.150 0475 0.075 0.150 0.000 0.025
bifdo  0.275 0.075  0.025 0.025 0.150 0.100 0.275 0.050  0.025
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
403 zitaaf  0.327 0.058  0.038  0.038 0.135 0.077 0.173  0.038  0.115
raopol 0.058 0.250 0.038  0.058 0.154 0.077 0.115  0.019  0.231
smuzy 0.096 0.058  0.231 0.038 0.135 0.212 0.077 0.077 0.077
punfi  0.077 0.077 0.173 0.250 0.173 0.077 0.096  0.019  0.058
bifdo 0.135 0.000 0.019 0.115 0.135 0.019 0.154 0327 0.096
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
404 zitaaf  0.033 0.033  0.033 0.033 0350 0.033 0.433 0.000 0.050
raopol 0.367 0.050  0.133 0.267 0.100 0.000 0.067 0.017  0.000
smuzy 0.000 0.033 0.117 0.050 0.200 0.000 0.017 0.000 0.583
punfi ~ 0.000 0.000 0.050 0.067 0.017 0.417 0.067 0.383  0.000
bifdo  0.050 0.283  0.083 0.083 0.300 0.083 0.100 0.000 0.017
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50% Accuracy Group 1

Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
105 zitaaf  0.375 0.000  0.063 0.031 0.125 0.000  0.031 0.281  0.094
raopol 0.094 0.125 0250 0.063 0.125 0.063  0.156  0.000  0.125
smuzy 0.000 0.063 0.344 0.063 0.125 0.000 0.031 0.000 0.375
punfi 0375 0.000 0.094 0.031 0.031 0.031 0.031 0.344  0.063
bifdo  0.344 0.031 0.125 0.031 0.281 0.000  0.031 0.063  0.094
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
106 zitaaf  0.075 0.200  0.175 0.125 0.050 0.175 0.050 0.050 0.100
raopol  0.000 0.050 0.050  0.075 0.625 0.000  0.000  0.000  0.200
smuzy 0.000 0.000 0.150 0.025 0.650 0.000 0.025 0.075  0.075
punfi ~ 0.075 0.050 0.100 0.125 0.000 0.125 0300 0.175  0.050
bifdo 0.125 0.150 0.125 0.125 0.050 0.150 0.050 0.150 0.075
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
107 zitaaf  0.250 0.058  0.058  0.096 0.096 0.096 0.135 0.058  0.154
raopol  0.000 0.135 0.096  0.038 0.135 0.058 0.038  0.365 0.135
smuzy 0.019 0.019 0.154 0.019 0.038 0.154 0.038 0.077  0.481
punfi  0.250 0.173  0.115 0.212 0.058 0.038 0.115 0.038  0.000
bifdo 0.077 0.019 0.038 0.038 0.481 0.058 0.173  0.058  0.058
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
108 zitaaf  0.133 0.100 0.067  0.050 0.167 0.033  0.050 0.167  0.233
raopol 0.050 0.117  0.050  0.100 0.267 0.067 0.150 0.117  0.083
smuzy 0.033 0.050 0.133 0.100 0.333 0.150 0.083 0.033 0.083
punfi  0.067 0.033 0.067 0.167 0.100 0.183 0.083 0.183  0.117
bifdo 0.250 0.067 0.067 0.100 0.117 0.050 0.200 0.033  0.117
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50% Accuracy Group 2

Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
205 zitaaf  0.344 0.125  0.063 0.031 0.094 0.063 0.188  0.063 0.031
raopol  0.000 0.031  0.000  0.000 0406 0.031 0.031 0.031 0.469
smuzy 0.031 0.219 0.188  0.156 0.000 0.156 0.094 0.156  0.000
punfi  0.063 0.000 0.063 0.031 0469 0.063 0.094 0.031 0.188
bifdo  0.094 0.000 0.094 0.188 0.094 0.063 0.219 0.188  0.063
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
206 zitaaf  0.100 0.075  0.025 0.150 0.250 0.100 0.150 0.100  0.050
raopol 0.125 0.200 0.100  0.025 0.050 0.075  0.150  0.250  0.025
smuzy 0.000 0.025 0.400 0.000 0.375 0.025 0.050 0.050 0.075
punfi ~ 0.050 0.075 0.000 0.150 0.075 0325 0.150 0.050 0.125
bifdo 0.175 0.050 0.050 0.050 0.225 0.050 0.075 0.250  0.075
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
207 zitaaf  0.365 0.019 0.058  0.077 0.135 0.096 0.058 0.115  0.077
raopol 0.077 0.135 0.077  0.077 0.308 0.058 0.077  0.096  0.096
smuzy 0.096 0.077 0.173 0.058 0.154 0.135 0.135 0.038  0.135
punfi ~ 0.115 0.058 0.096 0.096 0.288 0.096 0.115 0.115 0.019
bifdo 0.231 0.077 0.077 0.077 0.173 0.115 0.058 0.096  0.096
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
208 zitaaf  0.217 0.083  0.017  0.050 0.133 0.100 0.267 0.050  0.083
raopol  0.100 0.150  0.083 0.017 0.200 0.100 0.100  0.117  0.133
smuzy 0.017 0.033 0.317 0.083 0.117 0.000 0.067 0.233 0.133
punfi ~ 0.117 0.150  0.033 0.367 0.117 0.067 0.033 0.017 0.100
bifdo 0.200 0.083 0.050 0.033 0.317 0.100 0.050 0.067 0.100
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50% Accuracy Group 3

Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
305 zitaaf  0.156 0.031  0.000  0.000 0.500 0.125 0.063 0.063  0.063
raopol 0.031 0.094  0.031 0.063 0.125 0.000 0.156 0469 0.031
smuzy 0.063 0.094 0.188 0.063 0.281 0.031 0.063 0.063  0.156
punfi  0.031 0.156  0.063 0.250 0.188 0.000 0.063 0.125 0.125
bifdo 0.188 0.063 0.094 0.031 0.188 0.156  0.031 0.063  0.188
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
306 zitaaf  0.200 0.050  0.075 0.050 0.225 0.075 0.100  0.100  0.125
raopol 0.025 0.225 0.050  0.025 0.200 0.075 0.050 0.275 0.075
smuzy 0.050 0.050  0.125 0.075 0.100 0.225 0.250 0.050 0.075
punfi  0.050 0.025 0.025 0.250 0.250 0.125 0.050 0.125  0.100
bifdo  0.425 0.000 0.075 0.025 0.150 0.125 0.025 0.050 0.125
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
307 zitaaf  0.154 0.115 0.038  0.192 0.192 0.077 0.154  0.019  0.058
raopol 0.058 0.135 0.154  0.077 0.269 0.096  0.096  0.038  0.077
smuzy 0.038 0.019 0.250 0.096 0.173 0.038 0.096 0.135 0.154
punfi  0.077 0.173  0.058  0.250 0.154 0.058 0.077 0.077  0.077
bifdo  0.212 0.038 0.019 0.019 0.154 0.096 0.096  0.269  0.096
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
308 zitaaf  0.217 0.067  0.133 0.067 0.100 0.100 0.050 0.100 0.167
raopol 0.083 0.200 0.100  0.050 0.133 0.100 0.133  0.033  0.167
smuzy 0.150 0.050 0.200 0.033 0.133 0.067 0.150 0.050 0.167
punfi  0.050 0.050 0.083 0.167 0.133 0.133  0.083  0.233  0.067
bifdo  0.250 0.017  0.033 0.033 0.233 0.167 0.067 0.117  0.083
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50% Accuracy Group 4

Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
405 zitaaf  0.500 0.000 0.125 0.063 0.094 0.031 0.063 0.031 0.094
raopol 0.031 0.188 0.156  0.125 0.281 0.031  0.000  0.094  0.094
smuzy 0.219 0.094  0.125 0.063 0.063 0.031 0313 0.000 0.094
punfi  0.188 0.125  0.063 0.063 0.094 0.250 0.063  0.031 0.125
bifdo  0.125 0.031  0.063 0.125 0.281 0.125 0.063  0.094  0.094
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
406 zitaaf  0.225 0.075  0.075 0.125 0.250 0.050 0.050 0.075 0.075
raopol 0.100 0.200  0.050  0.000 0.125 0.125 0200 0.075  0.125
smuzy 0.050 0.025  0.175 0.025 0.200 0.050 0.200  0.150  0.125
punfi  0.100 0.025 0.075 0.200 0.175 0.150 0.125 0.075  0.075
bifdo 0.175 0.125 0.050 0.100 0.125 0.150 0.025  0.100  0.150
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
407 zitaaf  0.519 0.038 0.077  0.038 0.192 0.019 0.019 0.077 0.019
raopol 0.038 0.038 0.058  0.000 0.058 0.058 0308 0.038  0.404
smuzy 0.000 0.038  0.231 0.000 0.596 0.077 0.019 0.019 0.019
punfi  0.038 0.212 0.019 0.673 0.000 0.000 0.019 0.019 0.019
bifdo 0.096 0.000 0.077 0.019 0.019 0.115 0423 0.000 0.250
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Dist.1 Dist.2 Dist.3 Dist. 4
408 zitaaf  0.317 0.050  0.083 0.083 0.167 0.117 0.083  0.050 0.050
raopol 0.050 0.183  0.033 0.100 0.267 0.167 0.050 0.033 0.117
smuzy 0.050 0.050 0.200 0.133 0.233 0.083 0.000 0.150 0.100
punfi ~ 0.083 0.017 0.067 0.167 0.200 0.117 0.117 0.100  0.133
bifdo 0.200 0.117 0.050 0.183 0.083 0.133  0.050 0.067 0.117
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75% Accuracy Group 1

Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
109 zitaaf  0.094 0.000 0.000 0.094 0.219 0.125 0.000  0.031 0.438
raopol  0.000 0.781  0.031 0.000 0.031 0.063 0.031 0.000 0.063
smuzy 0.000 0.031 0.063 0.031 0.219 0.250 0.125  0.063  0.219
punfi  0.094 0.031 0.031 0.500 0.188 0.063  0.000 0.031 0.063
bifdo  0.094 0.063  0.031 0.156 0.281 0.219  0.031 0.031 0.094
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
110 zitaaf  0.500 0.125  0.075 0.025 0.075 0.025 0.050 0.075 0.050
raopol  0.000 0.425 0.000  0.025 0375 0.025 0.050 0.050  0.050
smuzy 0.025 0.050 0.700 0.025 0.050 0.025 0.050 0.050  0.025
punfi  0.050 0.075 0.000 0.475 0.050 0.150 0.025 0.050 0.125
bifdo  0.225 0.075 0.125 0.050 0.125 0.050 0.000 0.225 0.125
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
111 zitaaf  0.481 0.077 0.038  0.000 0.115 0.038 0.019 0.135 0.096
raopol 0.058 0.173  0.096  0.000 0.058 0.077  0.115  0.096  0.327
smuzy 0.096 0.096 0.038 0.058 0.135 0.115 0.135 0.173  0.154
punfi ~ 0.096 0.096 0.096 0.250 0.192 0.077 0.038  0.096  0.058
bifdo 0.019 0.038 0.019 0.019 0.769 0.058 0.019 0.038 0.019
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
112 zitaaf  0.267 0.050  0.083 0.067 0.067 0.167 0.083 0.067 0.150
raopol 0.050 0.500 0.050 0.050 0.100 0.067 0.033 0.050 0.100
smuzy 0.083 0.117 0300 0.083 0.117 0.083 0.067 0.100 0.050
punfi ~ 0.050 0.050  0.033 0.300 0.233 0.067 0.050 0.100 0.117
bifdo 0.167 0.067 0.133 0.083 0.100 0.133 0.067 0.100  0.150
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75% Accuracy Group 2

Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
209 zitaaf  0.313 0.031  0.125 0.094 0.031 0.125 0.094 0.094 0.094
raopol 0.000 0.625 0.000 0.031 0.094 0.063 0.031 0.063 0.094
smuzy 0.125 0.031 0.406 0.094 0.156 0.031 0.000 0.094 0.063
punfi  0.031 0.031 0.000 0.438 0.219 0.094 0.063  0.031 0.094
bifdo 0.188 0.031 0.188  0.156 0.000 0.219  0.031 0.031 0.156
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
210 zitaaf  0.325 0.050 0.100  0.075 0.050 0.125 0.100  0.075  0.100
raopol  0.000 0.550 0.050 0.075 0.100 0.050 0.025  0.050  0.100
smuzy 0.100 0.025 0.350 0.125 0.150 0.075 0.025  0.100  0.050
punfi  0.075 0.050 0.000 0.400 0.225 0.075 0.050 0.050 0.075
bifdo 0.200 0.050 0.150 0.125 0.025 0.175 0.075 0.050  0.150
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
211 zitaaf  0.308 0.058  0.077  0.058 0.077 0.135 0.096 0.077 0.115
raopol 0.038 0.500 0.058  0.058 0.115 0.058 0.019 0.038 0.115
smuzy 0.096 0.077 0.308 0.096 0.135 0.096 0.058 0.077  0.058
punfi ~ 0.058 0.038 0.000 0.308 0.231 0.077 0.058 0.096 0.135
bifdo 0.173 0.077  0.135 0.096 0.096 0.154 0.058 0.077 0.135
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
212 zitaaf  0.267 0.050  0.083 0.067 0.067 0.167 0.083 0.067 0.150
raopol 0.050 0.500 0.050 0.050 0.100 0.067 0.033 0.050 0.100
smuzy 0.083 0.117 0300 0.083 0.117 0.083 0.067 0.100 0.050
punfi ~ 0.050 0.050  0.033 0.300 0.233 0.067 0.050 0.100 0.117
bifdo 0.167 0.067 0.133 0.083 0.100 0.133 0.067 0.100  0.150
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75% Accuracy Group 3

Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
309 zitaaf  0.313 0.031  0.125 0.094 0.031 0.125 0.094 0.094 0.094
raopol 0.000 0.625 0.000 0.031 0.094 0.063 0.031 0.063 0.094
smuzy 0.125 0.031 0.406 0.094 0.156 0.031 0.000 0.094 0.063
punfi  0.031 0.031 0.000 0.438 0.219 0.094 0.063  0.031 0.094
bifdo 0.188 0.031 0.188  0.156 0.000 0.219  0.031 0.031 0.156
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
310 zitaaf  0.325 0.050 0.100  0.075 0.050 0.125 0.100  0.075  0.100
raopol  0.000 0.550 0.050 0.075 0.100 0.050 0.025  0.050  0.100
smuzy 0.100 0.025 0.350 0.125 0.150 0.075 0.025  0.100  0.050
punfi  0.075 0.050 0.000 0.400 0.225 0.075 0.050 0.050 0.075
bifdo 0.200 0.050 0.150 0.125 0.025 0.175 0.075 0.050  0.150
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
311 zitaaf  0.308 0.058  0.077  0.058 0.077 0.135 0.096 0.077 0.115
raopol 0.038 0.500 0.058  0.058 0.115 0.058 0.019 0.038 0.115
smuzy 0.096 0.077 0.308 0.096 0.135 0.096 0.058 0.077  0.058
punfi ~ 0.058 0.038 0.000 0.308 0.231 0.077 0.058 0.096 0.135
bifdo 0.173 0.077  0.135 0.096 0.096 0.154 0.058 0.077 0.135
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
312 zitaaf  0.267 0.050  0.083 0.067 0.067 0.167 0.083 0.067 0.150
raopol 0.050 0.500 0.050 0.050 0.100 0.067 0.033 0.050 0.100
smuzy 0.083 0.117 0300 0.083 0.117 0.083 0.067 0.100 0.050
punfi ~ 0.050 0.050  0.033 0.300 0.233 0.067 0.050 0.100 0.117
bifdo 0.167 0.067 0.133 0.083 0.100 0.133 0.067 0.100  0.150
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75% Accuracy Group 4

Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
409 zitaaf  0.281 0.000 0.125 0.000 0.063 0.063 0.344 0.031 0.094
raopol  0.000 0.938 0.000 0.000 0.031 0.031  0.000 0.000 0.000
smuzy 0.000 0.000 0.813 0.000 0.063 0.031 0.000 0.000 0.094
punfi ~ 0.000 0.000 0.031 0.844 0.031 0.063 0.000 0.031 0.000
bifdo  0.125 0.000 0.000 0.000 0.313 0.031 0.156 0.063  0.313
Response
Participant Shape zitaaf raopol smuzy ©punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
410 zitaaf  0.325 0.050 0.100  0.075 0.050 0.125 0.100  0.075  0.100
raopol  0.000 0.550 0.050 0.075 0.100 0.050 0.025  0.050  0.100
smuzy 0.100 0.025 0.350 0.125 0.150 0.075 0.025  0.100  0.050
punfi  0.075 0.050 0.000 0.400 0.225 0.075 0.050 0.050 0.075
bifdo 0.200 0.050 0.150 0.125 0.025 0.175 0.075 0.050  0.150
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
411 zitaaf  0.308 0.058  0.077  0.058 0.077 0.135 0.096 0.077 0.115
raopol 0.038 0.500 0.058  0.058 0.115 0.058 0.019 0.038 0.115
smuzy 0.096 0.077 0.308 0.096 0.135 0.096 0.058 0.077  0.058
punfi ~ 0.058 0.038 0.000 0.308 0.231 0.077 0.058 0.096 0.135
bifdo 0.173 0.077  0.135 0.096 0.096 0.154 0.058 0.077 0.135
Response
Participant Shape zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
412 zitaaf  0.267 0.050  0.083 0.067 0.067 0.167 0.083 0.067 0.150
raopol 0.050 0.500 0.050 0.050 0.100 0.067 0.033 0.050 0.100
smuzy 0.083 0.117 0300 0.083 0.117 0.083 0.067 0.100 0.050
punfi ~ 0.050 0.050  0.033 0.300 0.233 0.067 0.050 0.100 0.117
bifdo 0.167 0.067 0.133 0.083 0.100 0.133 0.067 0.100  0.150
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100% Accuracy Group 1

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
113 zitaaf  0.469  0.031 0.094 0.000 0.281 0.000 0.063 0.031 0.031
raopol  0.031 0.625 0.063  0.000 0.063 0.063 0.000 0.094 0.063
smuzy 0.063  0.000 0.531 0.031 0.000 0.063 0.063 0.156 0.094
punfi 0.031 0.063 0.000  0.844 0.031 0.000 0.031 0.000 0.000
bifdo 0.125  0.000 0.000  0.031 0.531 0.094 0.063 0.094 0.063

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
114 zitaaf  0.950  0.000 0.000  0.000 0.000 0.025 0.000 0.000 0.025
raopol  0.000  0.825 0.000  0.025 0.025 0.025 0.075 0.025 0.000
smuzy 0.000  0.000 0.800 0.000 0.050 0.050 0.025 0.025 0.050
punfi 0.050  0.000 0.000 0.875 0.025 0.025 0.025 0.000 0.000
bifdo 0.100  0.000 0.025 0.025 0.700 0.025 0.025 0.050 0.050

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
115 zitaaf  0.885  0.000 0.038  0.000 0.058 0.000 0.000 0.000 0.019
raopol  0.000  1.000 0.000  0.000 0.000 0.000 0.000 0.000 0.000
smuzy 0.000  0.000 0.846 0.000 0.058 0.038 0.019 0.000 0.038
punfi 0.000  0.000 0.000  0.827 0.058 0.038 0.000 0.000 0.077
bifdo 0.096  0.000 0.000 0.038 0.846 0.000 0.019 0.000 0.000

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
116 zitaaf  0.883  0.000 0.000  0.050 0.017 0.050 0.000 0.000 0.000
raopol  0.033  0.683 0.017  0.000 0.083 0.033 0.033 0.067 0.050
smuzy 0.033  0.033 0.833  0.000 0.033 0.050 0.000 0.017 0.000
punfi 0.050  0.000 0.000 0917 0.000 0.017 0.000 0.000 0.017
bifdo 0.083  0.017 0.017 0.017 0.767 0.033 0.017 0.033 0.017
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100% Accuracy Group 2

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
213 zitaaf  0.625  0.031 0.031  0.063 0.094 0.063 0.000 0.094 0.000
raopol  0.000  0.906 0.031  0.031 0.000 0.031 0.000 0.000 0.000
smuzy 0.000  0.031 0.875 0.000 0.031 0.000 0.063 0.000 0.000
punfi 0.000  0.031 0.000 0.500 0.063 0.000 0.063 0.125 0.219
bifdo 0.125  0.000 0.000 0.031 0.625 0.031 0.063 0.094 0.031

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
214 zitaaf  0.750  0.025 0.025  0.000 0.075 0.075 0.025 0.025 0.000
raopol  0.000  0.875 0.000  0.025 0.000 0.025 0.000 0.025 0.050
smuzy 0.050  0.000 0.950 0.000 0.000 0.000 0.000 0.000 0.000
punfi 0.025  0.000 0.000  0.725 0.050 0.050 0.025 0.075 0.050
bifdo 0.025  0.000 0.000 0.025 0.900 0.025 0.000 0.000 0.025

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
215 zitaaf  0.635  0.058 0.019 0.019 0.115 0.038 0.038 0.019 0.058
raopol  0.038  0.577 0.038  0.019 0.135 0.077 0.000 0.058 0.058
smuzy 0.019  0.000 0.808 0.019 0.058 0.038 0.000 0.019 0.038
punfi 0.000  0.058 0.019 0.712 0.077 0.038 0.038 0.038 0.019
bifdo 0.058  0.077 0.000 0.038 0.635 0.038 0.096 0.000 0.058

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
216 zitaaf  0.883  0.000 0.017  0.017 0.033 0.017 0.017 0.000 0.017
raopol  0.000  0.983 0.000  0.000 0.017 0.000 0.000 0.000 0.000
smuzy 0.033  0.000 0917 0.000 0.017 0.017 0.017 0.000 0.000
punfi 0.017  0.000 0.017 0900 0.000 0.000 0.017 0.017 0.033
bifdo 0.017  0.000 0.000  0.000 0967 0.017 0.000 0.000 0.000
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100% Accuracy Group 3

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
313 zitaaf 0375  0.094 0.000 0.063 0.250 0.031 0.031 0.031 0.125
raopol  0.063  0.375 0.031  0.031 0.094 0.188 0.063 0.094 0.063
smuzy 0.000  0.031 0.563 0.000 0.156 0.125 0.094 0.000 0.031
punfi 0.125  0.000 0.031  0.313 0.156 0.156 0.094 0.063 0.063
bifdo 0.250  0.000 0.063  0.000 0.594 0.063 0.031 0.000 0.000

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
314 zitaaf  0.925  0.000 0.000  0.000 0.025 0.025 0.000 0.025 0.000
raopol  0.000  0.700 0.100  0.050 0.075 0.000 0.000 0.025 0.050
smuzy 0.000  0.075 0.525 0.025 0.075 0.050 0.075 0.075 0.100
punfi 0.075  0.000 0.025 0.700 0.125 0.000 0.025 0.050 0.000
bifdo 0.025  0.050 0.000 0.025 0.650 0.100 0.050 0.025 0.075

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
315 zitaaf  0.904  0.000 0.019  0.000 0.000 0.038 0.019 0.000 0.019
raopol  0.000  0.846 0.000  0.038 0.058 0.019 0.019 0.019 0.000
smuzy 0.000  0.000 0.827 0.000 0.019 0.058 0.019 0.019 0.058
punfi 0.038  0.019 0.000  0.865 0.000 0.000 0.058 0.000 0.019
bifdo 0.019  0.000 0.000 0.000 0.808 0.058 0.058 0.038 0.019

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
316 zitaaf  0.750  0.017 0.017  0.050 0.000 0.033 0.050 0.017 0.067
raopol  0.017  0.783 0.000  0.000 0.117 0.017 0.050 0.000 0.017
smuzy 0.017  0.017 0.967 0.000 0.000 0.000 0.000 0.000 0.000
punfi 0.017  0.033 0.000 0.867 0.017 0.017 0.033 0.000 0.017
bifdo 0.033  0.000 0.000  0.000 0.833 0.033 0.017 0.000 0.083

107



100% Accuracy Group 4

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
413 zitaaf  0.625  0.031 0.000  0.031 0.094 0.094 0.094 0.031 0.000
raopol  0.031 0.594 0.031  0.000 0.188 0.063 0.063 0.031 0.000
smuzy 0.031 0.000 0.875 0.000 0.000 0.000 0.031 0.063 0.000
punfi 0.063  0.000 0.000 0.531 0.094 0.063 0.125 0.063 0.063
bifdo 0.125  0.063 0.000 0.063 0.469 0.063 0.094 0.094 0.031

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
414 zitaaf  0.825  0.000 0.000  0.000 0.100 0.000 0.025 0.000 0.050
raopol  0.000  0.875 0.050  0.025 0.025 0.025 0.000 0.000 0.000
smuzy 0.025  0.025 0.850 0.000 0.025 0.050 0.025 0.000 0.000
punfi 0.000  0.000 0.025  0.675 0.000 0.050 0.100 0.075 0.075
bifdo 0.025  0.000 0.000 0.000 0.850 0.025 0.050 0.025 0.025

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
415 zitaaf  0.942  0.019 0.019  0.000 0.019 0.000 0.000 0.000 0.000
raopol  0.019  0.923 0.019  0.019 0.000 0.000 0.000 0.000 0.019
smuzy 0.000  0.019 0.788  0.000 0.058 0.058 0.038 0.000 0.038
punfi 0.000  0.019 0.000 0942 0.000 0.000 0.000 0.038 0.000
bifdo 0.000  0.000 0.019 0.019 0.865 0.058 0.000 0.000 0.038

Response
Participant Shape  zitaaf raopol smuzy punfi bifdo Distl. Dist.2 Dist.3 Dist. 4
416 zitaaf  0.800  0.000 0.000  0.017 0.033 0.083 0.050 0.017 0.000
raopol  0.017  0.817 0.000  0.000 0.100 0.017 0.050 0.000 0.000
smuzy 0.017  0.067 0.700  0.000 0.050 0.050 0.033 0.017 0.067
punfi 0.033  0.000 0.000 0917 0.000 0.000 0.017 0.033 0.000
bifdo 0.050  0.017 0.033 0.033 0.767 0.017 0.033 0.000 0.050
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Appendix E
Parent Letter

Dear Parent/Guardian,

My name is Jason Hirst, a graduate student researcher at the University of Kansas, Department of Applied
Behavioral Science. As a part of my master’s thesis, I am conducting a study assessing how errors made
during teaching influence student learning.

If you agree to provide consent for your child to participate, s’he will be taught to complete four academic
tasks during the course of the study. The tasks will involve the identification of countries and rivers on a
blank outline map, the names of aquatic insects that may be found in local streams, and moons orbiting
planets in the solar system. Participants will be able to earn tokens throughout the study, which can be
exchanged for rewards. The reward items will be selected based on the results of a preference assessment
where your child will be able to choose the items s/he would like to work for and will consist of
academically appropriate materials such as school supplies, coloring materials, and stickers. In general,
tokens and praise will be delivered following correct responses to the tasks and incorrect responses will
be followed by a neutral statement. However, during a portion of the study, the experimenter will make
errors during the instruction by giving praise and tokens following incorrect answers with praise and
rewards and omitting rewards following correct answers. Previous research has shown that learning is
negatively influenced in the presence of teaching errors. The purpose of this study is to determine whether
those effects carry-over after errors are corrected.

The study will be conducted during multiple sessions, lasting about 30-60 minutes each. Each session will
consist of 30-60 minutes of instruction time with breaks every 15 minutes. I will be working with the
school staff to identify a time during the school day that will least interfere with your child’s normal
educational activities. We estimate that the study will take about 4-6 sessions to complete, making the
total time commitment no more than 8 hours.

There are no physical risks associated with participation in this study. Other risks are minimal and may
include frustration as a result of the inconsistency of the feedback. It is also possible that your child will
learn incorrect information during the imperfect instruction phase. However, the final phase of the study
involves giving only accurate feedback and will continue until your child has learned and mastered the
correct answers to the tasks, minimizing the chance that s/he will retain incorrect information beyond the
end of the study. Should your child feel uncomfortable with participating at any time during the study,
s’he may ask to leave without penalty. We will also ask your child if s/he would like to work with us prior
to beginning each session. In the case that your child chooses to stop participation prior to learning the
correct information, you will be provided with a copy of the materials indicating the correct answers. You
may use these materials to provide your child with the correct information if you are concerned about
your child retaining false information.

Your confidentiality and the privacy of your child will be protected. Participants will be assigned a
number or alias and no real names or identifying information will be released at any time unless required
by law. All research materials will be kept in a locked cabinet or on a secure server. If you agree to
provide consent, you should know that you have the right to withdraw your consent at any time. The
results of this study will contribute to our understanding of how teaching errors impact student learning
both in the short- and long-term. If you have any questions or agree to allow your child to participate,
please contact Jason Hirst by email at jmhirst@ku.edu.
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Appendix F
Informed Consent

INTRODUCTION

The Department of Applied Behavioral Science at the University of Kansas supports the practice
of protection for human subjects participating in research. The following information is provided
for you to decide whether you wish your child to participate in the present study. You may refuse
to sign this form and not allow your child to participate in this study. You should be aware that
even if you agree to allow your child to participate, you are free to withdraw at any time. If you
do withdraw your child from this study, it will not affect your relationship with this unit, the
services it may provide to you, or the University of Kansas.

PURPOSE OF THE STUDY
The purpose of this study is to examine the effects of teaching errors on student learning.

PROCEDURES

Participants will be taught four academic tasks involving geography, biology, and astronomy
during the course of the study. The tasks will include identifying (1) countries on an outline map,
(2) major rivers, (3) local aquatic insects, and (4) pictures of moons orbiting planets in the solar
system. Specifically, students will be asked to color in outlines of countries, trace lines
representing rivers, and choose colored icons from a bin representing various insects or moons.
Throughout the study, participants will earn points, which can be exchanged for rewards. The
pool of rewards will be determined by an assessment of your child’s preferences and will consist
of academically appropriate items (e.g., colorful folders, pencils, coloring supplies, stickers,
etc.). During a portion of the instructional sessions, the feedback given following responses will
vary in accuracy.

A. Baseline — The purpose of the baseline phase is to determine whether your child has already
learned the tasks. No feedback will be given following responses but participants will earn points
towards a reward item described above in exchange for appropriate academic behavior (e.g.,
sitting quietly, paying attention).

B. Imperfect Instruction — During this condition, feedback will be provided following responses.
In some cases, correct responses will be followed by praise and points towards a reward and
incorrect responses will be followed by a non-corrective statement such as “Nice try.” Following
a proportion of answers, the feedback provided will be inaccurate. That is, occasionally, praise
and points will be given following an incorrect answer and praise will be omitted and replaced
by a noncorrective statement following a correct answer. The proportion of trials where an error
will be made will vary depending on the task. Each task will be associated with a level of
teaching accuracy and errors will be made during 0%, 25%, 50%, or 75% of trials in this
condition. The experimenter will not provide the correct answer during any trials. The type of
error experienced by participants is dependent on their answers. If a student consistently provides
correct answers, the errors experienced will consist of the omission of praise and rewards. If a
student consistently provides incorrect answers, the errors experienced will consist of praise and
rewards for those incorrect answers. Typically, the errors experienced by participants will be a
combination of the two.

C. Perfect Instruction — During this condition, errors will no longer be made. That is, all correct
answers will be followed by praise and a point and all incorrect answers will be followed by a
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non-corrective, neutral statement. The experimenter will not provide the correct answer
following incorrect responses.

Previous research has shown that errors in instruction similar to the procedures above will result
in a delay of learning for the material presented under imperfect instruction conditions. The
sequence of conditions in this study is designed to determine the size of the effect caused by
teacher error by measuring the length of the delay to mastery after errors are removed. Each
session will be conducted in your child’s school and will consist of 30-60 minutes of instruction
time. Participants will be given 5-minute breaks every 15 minutes. Thus, one session will last
about 45-75 minutes (instruction plus breaks). During breaks, participants will be permitted to
engage in preferred leisure activities and no requests or demands will be placed. Preferred leisure
activities will be determined by providing options to the student consisting of activities that are
typically available to him/her during a regular school day. Imperfect instruction will be ended
when a clear, consistent difference is observed between performance on the tasks or when a
maximum of 6 hours of exposure to false feedback has elapsed. One session will be conducted
per day, 2-3 days per week. The times during which sessions are conducted will be determined
by working with teachers to identify times that will least interfere with your child’s normal
educational activities. Prior to each session, we will ask your child whether they would like to
work with us and your child may refuse to participate on any given day or ask to stop at any time
during a session. Requests to stop will be honored without penalty. Additionally, if your child
chooses not to participate on three consecutive days, he/she will be excluded from further
participation in the study. We estimate that the study will take approximately 2 weeks to
complete depending on how many sessions can be scheduled per week. We anticipate the study
lasting approximately 4-6 sessions, making a total time commitment away from normal
educational activities no more than 8 hours (including breaks). All sessions will be video
recorded. These recordings will be used only by the research team and will not be displayed or
released to others without your explicit written consent.

ALTERNATIVES TO PARTICIPATION
You may choose not to allow your child to participate in this study.

RISKS

There are no physical risks associated with participation in this study. Other risks are minimal
and may include shyness about working in the presence of the researcher or frustration due to the
inconsistency of the feedback during a portion of the study. Your child may refuse to participate
during any given day or ask to stop at any time during a session. If your child does not want to
participate on three consecutive days, he/she will be excluded from further participation in the
study. Additionally, there is a slight risk that your child will learn incorrect information as a
result of the inaccurate feedback delivered during the second phase of the study. However,
during the final phase of the study, only accurate feedback will be given and the perfect
instruction condition will continue until your child has learned and mastered the correct
information. Similar research has demonstrated that when errors are made during teaching, the
student’s learning of that material was delayed by about 4.5 hours of instruction. Should your
child choose to terminate their participation prior to mastering the correct information, you will
be given a copy of the materials indicating the correct answers. You may provide your child with
the correct information if you are concerned that they have retained false information.
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BENEFITS

Direct benefits to your child will be minimal, including being able to perform the tasks taught
during the study. Benefits to society will be greater and include a better understanding of how
errors during instruction influence student learning and whether a longer-term impact occurs as a
result of previous exposure to less than perfect instruction. The results of this study will
contribute to the literature on treatment integrity and procedural fidelity.

PAYMENT TO PARTICIPANTS
No payment will be made to participating children or caregivers.

PARTICIPANT CONFIDENTIALITY

Participant and caregiver privacy will be protected. All research materials and records will be
kept confidential. Paper materials will be kept in a locked cabinet within a locked office to which
only the research team will have access. Digital materials, including video recordings, will be
kept on a password-protected computer or on a secure, encrypted server. No identifying
information will be disclosed in any publication or presentation resulting from the study. Rather,
participants will be assigned code names or aliases. At no time will your identity or the identity
of your child be released or made available without your explicit, written permission or where
required by law.

Permission granted on this date to use and disclose your information, excluding names, remains
in effect indefinitely. By signing this form, you give permission for the use and disclosure of
your child’s information, excluding name, for the purposes of this study at any time in the future.

REFUSAL TO SIGN CONSENT AND AUTHORIZATION

You are not required to sign this Consent and Authorization form and you may refuse to do so
without affecting your right to any services you are receiving or may receive from the University
of Kansas or to participate in any programs or events of the University of Kansas. However, if
you refuse to sign, your child cannot participate in this study.

CANCELLING THIS CONSENT AND AUTHORIZATION

You may withdraw your consent to allow participation of your child in this study at any time.
You also have the right to cancel your permission to use and disclose further information
collected about your child, in writing, at any time, by sending your written request to: Jason M.
Hirst (see address below). If you cancel permission to use your child's information, the
researchers will stop collecting additional information about your child. However, the research
team may use and disclose information that was gathered before they received your cancellation,
as described above.

QUESTIONS ABOUT PARTICIPATION
Questions about procedures should be directed to the researcher(s) listed at the end of this
consent form.

PARTICIPANT CERTIFICATION:

I have read this Consent and Authorization form. I have had the opportunity to ask, and I have
received answers to, any questions I had regarding the study. I understand that if I have any
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additional questions about my child's rights as a research participant, I may call (785) 864-7429,
write to the Human Subjects Committee Lawrence Campus (HSCL), University of Kansas, 2385
Irving Hill Road, Lawrence, Kansas 66045-7568, or email irb@ku.edu.

I agree to allow my child to take part in this study as a research participant. By my signature I
affirm that I have received a copy of this Consent and Authorization form.

Print Participant's Name

Parent/Guardian Signature Date

“With my signature, I acknowledge that I am over the age of eighteen, and have received a copy
of this consent form to keep.”

Investigator Signature Date

RESEARCHER CONTACT INFORMATION

Jason M. Hirst, B.S. Florence D. DiGennaro Reed, Ph.D., BCBA-D
Principal Investigator Faculty Advisor, Assistant Professor

4085 Dole Human Development Center 4056 Dole Human Development Center

Dept. of Applied Behavioral Science Dept. of Applied Behavioral Science
University of Kansas University of Kansas

1000 Sunnyside Ave. 1000 Sunnyside Ave.

Lawrence, KS 66045 Lawrence, KS 66045

jmhirst@ku.edu fdreed@ku.edu

(785)864-0521
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Appendix G
Assent Procedure

Assent Script

Prior to beginning each session, the investigator will obtain verbal assent from the participant.
The following script will be read:

“We’re going to [continue to] learn about some interesting things like geography and nature.
You can earn some prizes like names of items available if you work with me. If you would like
to stop at any time, let me know. Would you like to work with me for a while?”

Termination of Session

If at any time the participant verbally expresses a desire to stop working, the session will be
terminated for that day. Sessions will also be terminated if the participant engages in sustained
problem behavior such as crying or tantrums for 30 seconds during a session.

Removal from Study

If three consecutive sessions are terminated, the participant will be removed from further
participation in the study.
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Appendix H
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Appendix I
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Appendix J
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Appendix K
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Condition

Appendix L

Date

Condition

Trial

Target

caddisfly

danube

turkey

FB Type
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50%

75%

100%
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