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Abstract

Procedural fidelity is the extent to which components of an intervention are implemented as designed.
Procedural fidelity is measured as a dependent variable and manipulated as an independent variable. In
research and practice, procedural-fidelity data should be collected, monitored, and reported. Procedural fidelity
as an independent variable has been investigated in humans using parametric analyses, and the current article
summarizes some of the research conducted on the effects of procedural-fidelity errors in behavior-reduction
and skill-acquisition interventions. Connections were drawn to applied animal researchers and the work of
animal behavior practitioners to produce implications for practice with human and animal clients and
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suggestions for future research. Further, there are multiple ways to measure procedural fidelity, and different
conclusions can be drawn based on the measure and computation method. The current article describes
procedural-fidelity measures that are most applicable to animal behavior researchers and professionals.

Procedural fidelity is the extent to which an intervention is consistently implemented as planned (also referred
to as treatment integrity, treatment fidelity, procedural integrity, or treatment reliability; Gresham et al., 2000).
The goal of research is to ensure that changes in one or more dependent variables (DVs) are the result of
manipulations of one or more independent variables (IVs; e.g., treatment components) and not extraneous
variables. Therefore, because procedural fidelity can either be studied as an IV or controlled for to maximize the
validity of examinations of other 1Vs, procedural fidelity can be described as a primary goal of scientific inquiry.

Procedural fidelity is also critical to any applied practice designed to produce meaningful improvements for
human and animal clients, because interventions implemented incorrectly or inconsistently are unlikely to lead
to therapeutic gains and will be limited in external validity. An assay to procedural fidelity is medication
adherence, wherein medication is not taken or applied as directed. For example, owners of animals may not
adhere to recommended antibiotic use for their pets, which may contribute to antibiotic-resistant infections and
poor health outcomes for the animal (Wayne et al., 2011). Although failure to implement behavioral
interventions as designed may not lead to the same issues as poor medication adherence, procedural-fidelity
errors can decrease or prevent the efficacy or efficiency of behavioral interventions to reduce problem behavior
(e.g., St. Peter Pipkin et al., 2010), increase compliance (e.g., Wilder et al., 2006), and teach skills (e.g., Carroll et
al., 2013).

Procedural-fidelity Errors

Procedural-fidelity errors can be categorized into two types: errors of omission and errors of commission. Failing
to implement one or more components of a protocol is an error of omission. For example, an animal behavior
researcher may discover a pellet dispenser failed to deliver food pellets according to the programmed
reinforcement schedule for the experiment (Pinkston et al., 2008) or that owners did not provide programmed
reinforcers to their dogs during behavioral interventions to reduce mouthing (Waite & Kodak, 2021), human-
directed aggression (Echterling-Savage et al., 2015), or jumping (Pfaller-Sadovsky et al., 2019). In comparison,
adding components that are not part of a protocol or conducting components at incorrect times are errors of
commission. For example, owners implementing an intervention to reduce mouthing in their dogs were asked to
provide attention contingent on a prespecified alternative behavior; however, the most common error of
comission occurred when owners provided attention (i.e., told their dogs how cute they were) in the absence of
the alternative behavior (Waite & Kodak, 2021). Errors of omission and commission can occur in isolation or in
combination. Both types of procedural-fidelity errors can reduce the efficacy and efficiency of intervention (e.g.,
Bergmann et al., 2017; Carroll et al., 2013; St. Peter Pipkin et al., 2010).

In a controlled examination of the effects of programmed interventions (IV) on behavior (DV), unplanned
procedural-fidelity errors affect internal validity. Internal validity refers to the degree to which the IV has
functional control over changes in the DV. Procedural fidelity measures provide data on the degree of internal
validity during intervention implementation, and these data can influence the interpretation of intervention
outcomes. Measuring and reporting procedural fidelity allow for an analysis of whether changes in behavior
were due to the IV (high fidelity) or some other variable (low fidelity). In other words, measuring procedural
fidelity during behavioral interventions allows for analysis of whether behavioral outcomes were produced by
the intervention of interest (high fidelity) or a different, incorrectly implemented intervention (low fidelity).



Results of an experiment or intervention can be grouped into four types (see Table 1). A true positive (Table 1;
first quadrant) allows a researcher or practitioner to determine that the IV (treatment protocol) produced the
change in the DV (behavior); therefore, implementation of the IV should continue. A potential false positive
(Table 1; second quadrant) permits a tentative conclusion that the IV may have produced the change in the DV.
The conclusion must be tentative because a change in the DV in the predicted direction does not guarantee that
the IV was implemented with high fidelity. Rather, behavior change could be due to extraneous variables
thereby creating a correlation, instead of a functional relation, between the IV and DV. With a false positive, the
researcher or practitioner could be implementing unnecessary or ineffective behavior-change procedures, which
could contribute to replication failures (Gresham, 2009). A true negative (Table 1; third and fourth quadrant)
allows a researcher or practitioner to conclude that the IV did not produce a change in the DV. As a result, the
researcher or practitioner should discontinue or modify the IV to reduce exposure to ineffective interventions
(Standard 2.01; BACB, 2020). A potential false negative (Table 1; fourth quadrant) is possible if the IV would have
been effective had it been implemented correctly. As a result, the researcher or practitioner may discontinue
the IV and implement a more intrusive IV or modify the IV by adding unnecessary components (Gresham, 2009).
Given these scenarios and their potential effects on the interpretation of client outcomes, monitoring and
reporting procedural fidelity remain critical issues in a science of behavior.

Table 1. Determining Internal Validity Based on Observed Behavior Change and Monitoring and Reporting
Procedural Fidelity

Procedural Fidelity
Monitored and Reported

Yes No
Observed Behavior | Yes | True positive: IV is likely Potential false positive: IV may be effective
Change effective
No | True negative: IV is likely True negative: IV may be ineffective
ineffective Potential false negative: IV may be effective when

implemented with high fidelity

Note. Gresham et al. (2000) and Gresham (2009) outlined these four scenarios and described their implications
for applied behavior analysis.

Whereas the Behavior Analyst Certification Board requires behavior analysts to monitor procedural fidelity
during service delivery (Standard 2.18 and 2.19; BACB, 2020), certifying bodies regulating applied animal
behavior professionals are not as direct in their requirements to monitor procedural fidelity. However, certifying
bodies do require protocol efficacy. Specifically, the Certification Council for Professional Dog Trainers (CCPDT),
International Association of Animal Behavior Consultants (IAABC), and American College of Veterinary
Behaviorists (ACVB) require certificants to select protocols which maximize treatment gains while using ethical
interventions (ACVB Position Statements, n.d.; Least Intrusive, Minimally Aversive [LIMA] Effective Behavior
Intervention Policy, 2019; IAABC Professional Code of Ethics, n.d.). If procedural fidelity is not measured during
service delivery, practitioners cannot determine whether a lack of treatment efficacy is due to an ineffective
intervention or failure to deliver the intervention consistently and correctly. Thus, barriers to efficacious
intervention cannot be adequately addressed without procedural-fidelity data.

The extant literature on procedural fidelity and intervention outcomes is primarily comprised of studies
conducted with humans. Although there are several scholarly reviews on measurement and the effects of
procedural fidelity on intervention outcomes, none of the reviews explicitly relate these findings to animal
behavior research and training (Brand et al., 2019 for effects of reduced fidelity; Collier-Meek, Sanetti, &

Fallon, 2021 for measurement; Falakfarsa et al., 2021 for reporting). Nevertheless, the behavioral principles and
procedures described in these reviews of research with humans are applicable across species and practices. For



example, basic research shows the frequency of behavior can be increased using reinforcement procedures,
such as contingent delivery of food, and decreased using punishment procedures such as response cost, time
out, and response-contingent shock, in humans and nonhuman animals (e.g., pigeons and rats; Crosbie et

al., 1997; Johnson et al., 1973; Lattal et al., 1998; Rawson & Leitenberg, 1973). Therefore, the current discussion
will link what is known about procedural fidelity measurement and outcomes with humans to recommendations
for research and practice with animals.

Procedural Fidelity as an Independent Variable

In recent years, a burgeoning area of research manipulates the procedural fidelity of the IV in experimental
studies with humans to evaluate the effects on the DV (e.g., rate of problem behavior, correct responses).
Manipulating procedural fidelity as an IV has both practical and conceptual value (Vollmer et al., 1999).
Practically, descriptive assessments show procedural-fidelity errors can and do occur in the application of
interventions based on the principles of behavior analysis (e.g., Brand et al., 2018; Breeman et al., 2020; Carroll
et al., 2013; Donnelly & Karsten, 2017; Foreman et al., 2021; Kodak et al., 2018). Therefore, it is important that
researchers understand the implications of procedural-fidelity errors on behavior-analytic interventions to
analyze intervention efficacy and understand potential replication failures. Conceptually, evaluating how
behavior changes as a function of different degrees of procedural fidelity helps us understand the boundaries of
behavior change. For example, one may compare the effects of distal and recent histories of reinforcement
when procedural fidelity of differential reinforcement is manipulated (Vollmer et al., 1999). Research that has
investigated the effects of reduced procedural fidelity on behavior change includes studies on behavior
reduction and skill acquisition with humans. The findings gleaned from these studies can inform research and
application with animals, but replications and extensions conducted by animal researchers would contribute to a
better understanding of the effects of procedural-fidelity errors across species and settings.

Behavior Reduction

Programmed procedural-fidelity errors during behavior-reduction procedures have included applied, basic, and
translational studies. The studies include examining the effects of reinforcing problem behavior, omitting
reinforcers following appropriate behavior, and applying punishment procedures intermittently. The first
experimental manipulations of procedural fidelity were treatment challenges introduced during function-based
interventions designed to reduce rates of problem behavior and increase rates of appropriate behavior (Vollmer
et al., 1999). Vollmer et al. (1999) compared the rates of problem behavior under full and partial
implementation of differential reinforcement of alternative behavior (DRA) conditions with three adolescents
and children with intellectual and developmental disabilities. The full-implementation condition included
continuous reinforcement of the alternative behavior and extinction of the inappropriate behavior. The partial-
implementation condition included withholding reinforcers following some instances of appropriate behavior
(i.e., error of omission) and providing reinforcers following some instances of inappropriate behavior (i.e., error
of commission, e.g., 25% of appropriate behavior reinforced, 75% of inappropriate behavior reinforced). In the
partial-implementation condition, all three participants continued to allocate more responses to the appropriate
behavior even when some instances of inappropriate behavior produced reinforcers. However, as the schedule
of reinforcement began to favor inappropriate behavior, the efficacy of the intervention waned.

Following the Vollmer et al. (1999) study, researchers investigated the effects of procedural-fidelity errors on
the allocation of responses to appropriate- and inappropriate-behavior analogues in laboratory contexts. St.
Peter Pipkin et al. (2010; Experiment 1) manipulated errors of omission and commission of reinforcers such that
fidelity varied between 20% and 80% in a DRA procedure with adults of typical development (see Experiments 2
and 3 for investigations with participants with developmental disabilities). With omission errors only, overall
response rates decreased as the schedule became leaner, but the participants continued to allocate most



responses to the appropriate behavior. With commission errors only, participants continued to allocate most
responses to the appropriate behavior until fidelity dropped below 40% upon which participants allocated more
responses to the inappropriate behavior. Data suggested a potentially protective effect of previous exposure to
high-fidelity implementation, as greater levels of problem behavior only occurred following baseline conditions
and did not occur following 100% fidelity conditions. St. Peter et al. (2016) conducted a similar investigation of
errors of omission in a response-cost procedure. Responding to the inappropriate-behavior analogue remained
low until errors of omission increased above 40%. Once fidelity was 20%, the participants emitted higher rates of
inappropriate behavior than appropriate behavior.

Parametric analyses have also been conducted with clinically relevant populations in relevant contexts. For
example, Coldn and Ahearn (2019) conducted a parametric analysis of omission errors (25%, 50%, 75%, 100%
fidelity; Study 2) during response interruption and redirection with three teenagers diagnosed with autism
spectrum disorder (ASD) and histories of vocal stereotypy. The results showed that fidelity at or above 50%
reduced vocal stereotypy below baseline levels across participants. However, the 25% fidelity condition reduced
vocal stereotypy only when 100% fidelity booster sessions were interspersed. Another parametric analysis
conducted with participants in an authentic context involved omission errors during timeout from play
implemented by classroom staff with five school-aged children with various diagnoses (e.g., ASD, seizure
disorder, traumatic brain injury; Foreman et al., 2021). Foreman et al. (2021) compared the rates of problem
behavior under different levels of fidelity (i.e., 0% and 100% fidelity and the average fidelity from observations;
e.g., 5%, 11%; Study 1). Compared to baseline levels, decreased rates of problem behavior occurred even when
timeout was implemented with errors of omission, suggesting that punishment procedures can be effective with
reduced fidelity.

From these parametric investigations on procedural-fidelity errors during differential reinforcement and
punishment procedures, several outcomes emerged. In all studies, 100% fidelity was not necessary to reduce
inappropriate behavior. That is, reductions in inappropriate behavior were possible with reduced fidelity. In
some cases, very low fidelity levels maintained low levels of inappropriate behavior (e.g., 5%—11% in Foreman et
al., 2021; 40% in St. Peter Pipkin et al., 2010). It is important to note that the investigations included first
exposing participants to high-fidelity conditions before conducting the parametric analyses (Foreman et

al., 2021; St. Peter Pipkin et al., 2010; St. Peter et al., 2016; Vollmer et al., 1999). The effects of this order of
conditions needs to be investigated further. It is possible that first experiencing high-fidelity conditions may
provide a potentially protective effect when subjects are subsequently exposed to reduced fidelity.

In parametric analyses of procedural-fidelity errors, reductions in inappropriate behavior maintain until fidelity
drops to 20%—40% (e.g., Coldn & Ahearn, 2019; St. Peter et al., 2016; St. Peter Pipkin et al., 2010). At this point,
the reinforcement schedules begin to favor inappropriate behavior relative to appropriate behavior. This pattern
of responding may be explained by concurrent schedules of reinforcement and the matching law

(Herrnstein, 1974; Reed & Kaplan, 2011). That is, if reinforcement favors the appropriate behavior despite errors
of omission and commission, then appropriate behavior is more likely under those conditions. However, when
the probability of reinforcement shifts toward the inappropriate behavior, then the appropriate behavior
becomes less likely. Even with an understanding that relative reinforcement rates and concurrent schedules of
reinforcement affect probability of inappropriate behavior when procedural-fidelity errors occur, more research
attention should be paid to the levels of fidelity that will maintain low rates of inappropriate behavior across
species, interventions, contexts, and time.

One must consider reinforcement schedules more generally when comparing error types and their effects on
inappropriate behavior and appropriate behavior in differential reinforcement procedures. Reduced procedural
fidelity is likely to create intermittent reinforcement schedules, which have characteristic effects on behavior
(Ferster & Skinner, 1957). Vollmer et al. (2008) pointed out that even very high levels of fidelity can be



problematic depending on the type of errors and schedule. The authors provided an example wherein
implementers correctly provide extinction following problem behavior on roughly 19 out of 20 occurrences but
engage in an error of commission (i.e., reinforce problem behavior) following one occurrence. Procedural fidelity
would be 95%, but problem behavior would be reinforced on a VR20, which is likely to produce moderate-to-
high rates of problem behavior with little pausing (Vollmer et al., 2008). Another variable reinforcement
schedule can be created if errors of omission result in some reinforcers being withheld following appropriate
behaviors. Errors of omission could lead to moderate-to-high rates of appropriate behavior. However, if errors
of omission are so frequent that the conditions are more akin to extinction, then decreasing rates of appropriate
behavior would be probable.

Errors of omission in punishment-based procedures lead to intermittent punishment rather than continuous
punishment. Continuous punishment is recommended when using punishment-based procedures
(Miltenberger, 2016). Therefore, intermittent punishment may be especially problematic if the inappropriate
behavior continues to contact reinforcement (i.e., extinction is not possible, feasible, nor consistently
implemented; Azrin et al., 1963). With intermittent punishment, an immediate decrease in inappropriate
behavior is likely to occur, but the response rate will recover if punishment does not follow subsequent
responses (Azrin et al., 1963). This was not observed in the study on timeout by Foreman et al. (2021); however,
all participants had histories of intermittent punishment prior to the study. Extending the procedures of
Foreman et al. to animals would allow for further examination of the effects of intermittent punishment on
behavior reduction. In addition to procedural-fidelity errors, it is important to consider how the schedule,
intensity of the punishers, and concurrent motivating operations can impact responding under intermittent
punishment (Azrin et al., 1963). Animal researchers could further explore procedural-fidelity errors in behavior-
reduction procedures. Conducting this research in well-controlled laboratory studies is necessary to prevent
humans and animals with problem behavior from exposure to potentially ineffective punishment-based
procedures that may worsen their behavior.

Suggestions for Animal Research on Behavior Reduction

Animal behavior researchers study and intervene upon problematic behavior that occurs in companion, working,
and captive animals. For example, researchers have investigated function-based interventions to reduce
problem behavior in shelter dogs (Winslow et al., 2018), canine mouthing (Waite & Kodak, 2021), and self-
injurious behavior in captive animals (Dorey et al., 2012; Morris & Slocum, 2019). However, many studies
conducted with animals either do not include data on procedural fidelity or have high levels of reported fidelity
in procedures conducted by researchers (Pfaller-Sadovsky et al., 2019). Thus, the effects of procedural-fidelity
errors on intervention for problem behavior in animals remains unknown.

One error that may occur in animal and human interventions for problem behavior is inconsistent or nonexistent
use of extinction. Failing to implement extinction for problem behavior is an error of commission because
problem behavior produces reinforcers, such as when an owner continues to provide attention (St. Peter Pipkin
et al., 2010).

In addition, the types of errors made by animal owners and/or caretakers are unknown. Examinations of the
types of fidelity errors that occur in practice will help bridge the research-to-practice gap in procedural fidelity.
Animal behavior professionals and owners are likely to make the same types of errors that behavior analysts and
stakeholders make when working with humans. For example, an owner may continue to provide attention when
their dog mouths on them rather than conducting programmed attention extinction during intervention, similar
to a teacher providing a break from the task to a student who engages in aggressive behavior rather than
continuing instruction (Kodak et al., 2018). Identifying the frequency of types of fidelity errors in practice will
permit programmed examinations of the effects of these errors on behavior-reduction interventions and



methods to mitigate these errors. For example, researchers seeking to evaluate ways to reduce the impact of
failing to provide extinction in behavioral intervention could manipulate parameters of reinforcement by
providing higher quality, immediate, and dense schedules of reinforcers for appropriate behavior, whereas
naturally occurring reinforcers could be provided for problem behavior.

Based on research conducted with humans, it is expected that some procedural-fidelity errors can occur while
maintaining the efficacy of behavior-reduction intervention. However, it is possible that rule-governed behavior
may alter the effects of fidelity errors with humans in ways that will not occur with animals. For example,
humans may engage in verbal behavior regarding hypothesized contingencies that results in behavior that does
not conform to programmed contingencies in studies (e.g., Shimoff et al., 1986), whereas the behavior of
animals is likely shaped by programmed contingencies. Therefore, applied animal researchers should replicate
studies examining procedural-fidelity errors to investigate the effects of fidelity errors on behavior-reduction
interventions for animals. For example, animal researchers could replicate the procedures of St. Peter Pipkin et
al. (2010; Experiment 1) by manipulating errors of omission and commission of reinforcers during a DRA
procedure to examine whether animals show similar changes in behavior as the fidelity of intervention
decreases.

Once the frequency and types of fidelity errors that occur in practice are identified, applied animal researchers
could replicate methods by Coldn and Ahearn (2019) during behavior-reduction interventions with animals.
Specifically, examining the protective effects of 100% fidelity booster sessions on intervention delivered with
reduced levels of fidelity may provide beneficial outcomes that can be useful to animal behavior professionals
who work with owners. For example, the consultation model used by some animal behavior professionals
working with owners involves a brief initial consultation and intervention development followed by subsequent
check-ins with owners. If booster sessions with 100% fidelity offer a protective factor to the efficacy of behavior-
reduction interventions, animal behavior professionals could implement the intervention briefly and with 100%
fidelity during check-ins to potentially enhance the efficacy of interventions even if the owner's procedural
fidelity is lower. However, the frequency of high-fidelity booster sessions needed to enhance intervention
efficacy for animals requires further examination to assist in the development of guidelines for practice.

Skill Acquisition

Studies on programmed procedural-fidelity errors during skill acquisition have manipulated instructions,
prompts, error correction, and reinforcer delivery—the latter garnering the most attention. Several studies
examined the effects of omitting prompts on skill acquisition. For example, Noell et al. (2002) omitted prompts
provided during math instruction implemented with 33%, 67%, and 100% fidelity with six school-aged children in
need of additional instruction in math. The fewest correct responses occurred in the 33% fidelity condition, and
responses were more variable in the 67% fidelity condition, which suggested that (a) errors may affect some
learners more than others and (b) behavior becomes less predictable with intermediate levels of procedural
fidelity. Another study that evaluated omitted prompts was conducted by Wilder et al. (2006). Wilder et al.
omitted three-step prompting (i.e., repeat vocal instruction, model, and physically guide) within a program to
teach compliance with vocal instructions with two 4-year-old children of typical development. For both
participants, near-zero levels of compliance were observed in the 0% fidelity condition, compliance was
observed on approximately half of the trials in the 50% fidelity condition, and consistently high levels of
compliance occurred in the 100% fidelity condition.

Other studies manipulated prompts along with additional components of skill-acquisition procedures. For
example, Carroll et al. (2013) programmed procedural-fidelity errors during the delivery of vocal instructions,
prompts, and reinforcers for 33% fidelity in discrete trial instruction (DTI) with six children with ASD. Compared
to high-fidelity DTI, all participants emitted lower levels of correct responses in the reduced-fidelity condition,



and five of the six participants did not reach mastery-level responding. Carroll et al. also analyzed the effects of
errors in delivery of vocal instructions, prompts, and reinforcers in separate conditions with 33% fidelity in an
adapted alternating-treatments design. The effects of isolated errors differed across participants, but the lowest
levels of correct responses occurred in the condition with omissions of prompts. A similar analysis conducted by
Breeman et al. (2020) implemented errors in providing praise, delivering tangible items, and using an error-
correction procedure for 75% fidelity in DTI with two children with ASD, and the results replicated Carroll et al.
Participants acquired the skills more quickly with high-fidelity instruction than reduced-fidelity instruction.

Another analysis that included errors in prompting and other instructional components was conducted Donnelly
and Karsten (2017). The experimenters manipulated the fidelity with which self-care behavior chains were
implemented with three adolescent males with ASD. The experimenters programmed a combination of errors
(i.e., prompting steps out of order, delivering the reinforcer at times other than immediately following correct
completion of the target step, and omitting prompts to complete all steps within the chain) to occur on three of
five teaching trials (i.e., 40% of trials implemented with fidelity; all three errors occurred during a programmed-
error trial). With reduced fidelity, none of the participants emitted mastery-level responding, and the
programmed procedural-fidelity errors prevented acquisition of the behavior chains. Next, the experimenters
evaluated the effects of isolated errors, and participants did not emit mastery-level responding. Mastery-level
responding returned with high-fidelity instruction, but correct responding decreased again when the
experimenters reintroduced treatment-fidelity errors. This effect was replicated within and across participants
suggesting that previous exposure to high-fidelity instruction did not provide a protective effect.

Another area of focus in parametric analyses of procedural-fidelity errors is reinforcer delivery during
conditional-discrimination training with typically developing children and adults. Several studies manipulated
both errors of omission and commission in the delivery of feedback or putative reinforcers in arbitrary match-to-
sample (AMTS) tasks conducted with typically developing adults in a human operant arrangement (e.g.,
Bergmann et al., 2021; Bottini et al., 2020; Brand et al., 2020; Hirst et al., 2013; Hirst & DiGennaro Reed, 2015).
For example, Hirst et al. (2013) and Hirst and DiGennaro Reed (2015) manipulated the accuracy of statements
provided following participant responses in a computerized AMTS task. Participants were randomly assigned to
one of four fidelity conditions (i.e., 100%, 75%, 50%, and 25%). In reduced-fidelity conditions, a proportion of
participants' responses contacted inaccurate feedback statements. If the participant's response was correct,
they were told they were incorrect. On the other hand, if the participant's response was incorrect, they were
told they were correct. Results demonstrated a functional relation between feedback accuracy and acquisition.
Participants in the 50% and 25% fidelity conditions did not acquire the conditional discriminations to mastery,
and deficits continued when the participants were subsequently exposed to 100% fidelity (i.e., carryover
effects). Some participants in the 75% fidelity condition mastered the conditional discriminations but required
more trials to criterion compared to participants in the 100% fidelity condition.

The findings of Hirst et al. (2013) and Hirst and DiGennaro Reed (2015) were replicated by Brand et al. (2020)
and Bergmann et al. (2021). Bergmann et al. expanded this line of research by including reduced-fidelity levels
not previously investigated (e.g., 85%, 90%, 95% fidelity). The results of Bergmann et al. showed acquisition with
85% fidelity was not significantly different from 100% fidelity, which supported previous findings that perfect
fidelity may not be necessary to produce positive outcomes for clients. Most of the parametric analyses of
reinforcer errors programmed both errors of omission and commission (Brand et al., 2019). In a departure,
Bergmann et al. (2017) compared the effects of errors of omission (i.e., omitting praise and a token after a
correct response) and errors of commission (i.e., providing praise and a token after an incorrect response) when
presented in isolation on acquisition of AMTS by two typically developing children. In Experiment 1, instruction
with errors of omission or commission that occurred during 17% or 18% of trials resulted in double the number
of sessions to mastery in comparison to high-fidelity instruction. In Experiment 2, both participants learned



targets taught with high-fidelity instruction, whereas errors of omission during 20% of trials and errors of
commission during 30% of trials hindered acquisition for each participant, respectively.

The results of programmed procedural-fidelity errors in skill acquisition have revealed several findings. Notably,
smaller reductions in procedural fidelity have greater detrimental effects on target behaviors in skill-acquisition
programs compared to inappropriate behavior in behavior-reduction programs. That is, the effectiveness and
efficiency of skill-acquisition interventions are negatively impacted by smaller proportions of errors than
differential reinforcement and punishment procedures explored in parametric analyses of procedural-fidelity
errors (e.g., 75% fidelity in skill acquisition in Hirst & DiGennaro Reed, 2015, versus 40% fidelity in DRA in St.
Peter Pipkin et al. 2010). However, additional research on degrees of reduced procedural fidelity needs to be
conducted with humans and animals.

Several of the parametric analyses of procedural-fidelity errors in skill acquisition have been conducted with
conditional discrimination training. When errors of commission occur in discrimination training, reinforcement
of an incorrect response creates a relation other than the one arranged by the practitioner (Bergmann et

al., 2021; Davison & McCarthy, 1980). If the participant receives a reinforcer after selecting the picture of the
bird in the presence of the word “mouse,” then the participant is likely to continue selecting the picture of the
bird given the word “mouse.” With repeated exposure to this contingency, the participant is likely to learn an
inaccurate relation. Another example is if an animal behavior practitioner accidentally reinforces a dog's bark
following the command “sit,” then the word “sit” could become discriminative for barking rather than sitting. In
addition, there is emerging evidence that combinations of errors may be more detrimental than isolated errors
(Bottini et al., 2020; Carroll et al., 2013). Researchers should continue investigating the prevalence of errors in
behavior-analytic interventions for humans and nonhumans and the effects of different degrees of combined
and isolated errors with different treatment components.

Suggestions for Animal Research on Skill Acquisition

Skill acquisition is likely a primary focus of training by animal behavior professionals and owners. In fact, 83% of
surveyed pet owners reported purchasing treats for training or rewarding their dog (Morelli et al., 2020). These
skill-acquisition practices likely include the provision of prompts (e.g., targets, visual discriminative stimuli) and
reinforcers, and research with humans shows fidelity errors in these intervention components is likely to reduce
the efficacy of intervention (e.g., Carroll et al., 2013). However, the effects of these errors on acquisition by
animals remains an area in need of additional research. Studies could examine the isolated and combined
effects of prompting and reinforcement errors during skill acquisition with animals, similar to methods used by
Carroll et al. (2013). For example, animal researchers could collect data on the prevalence of prompting and
reinforcement errors in animal behavior practices. Once the prevalence of these errors is known, researchers
could compare combined errors in prompts and reinforcers at levels of fidelity in practice to instruction with
high fidelity. Results of these comparisons can assist animal behavior practitioners in designing effective
methods to address common errors in practice.

Animal researchers could also compare the effects of isolated errors (e.g., compare low-fidelity prompts to low-
fidelity reinforcer delivery) on skill acquisition to identify types of fidelity errors that have the greatest impact on
skill acquisition in animals. Research on the impact of isolated errors can help inform practice on specific
components of intervention that must be trained to a high level of fidelity to produce skill acquisition. In
addition, the outcomes of this research could be used to prevent the allocation of limited training time to low-
impact intervention components that are less likely to negatively impact intervention outcomes if conducted
with lower fidelity. For example, researchers could evaluate the impact of isolated errors of omission or
commission on the acquisition of stationing behavior, which has been included in interventions to teach dogs to



remain still for MRI scans (Strassberg et al., 2019), chimpanzees to receive acupuncture for osteoarthritis
(Magden et al., 2013), and manatees to have their bodies measured (Colbert-Luke et al., 2001).

Fidelity errors that occur in enrichment programs for captive animals is an important area of study. Many
enrichment programs for captive animals are designed to provide opportunities to engage in species-specific
behavior and are used to enhance animal well-being. Nevertheless, enrichment programs are unlikely to achieve
the same improvements in psychological and health outcomes for animals if fidelity errors occur in their design
and use. Programs that are not designed to match species-specific behavior or are disrupted by other practices
will reduce their efficacy and could increase the likelihood of problem behavior. For example, placing scents on
the edges of African wild dog enclosures can be used as behavioral enrichment and teach them about the
boundaries of their enclosures, because scents are frequently used to mark the boundaries of territories in the
wild (Jackson et al., 2012). However, if scent markings are frequently removed during enclosure cleanings, this
could cause distress to the animal. Further, if enrichment programs are not frequently changed to include novel
stimuli (i.e., an error of omission in changing stimuli on some schedule), then the benefits of these programs will
be reduced (Young et al., 2020). Collaborations between animal researchers, animal behavior practitioners, and
animal caretakers will be critical to conduct lines of research on the impact of fidelity errors on enrichment
program outcomes and will help bridge the research-to-practice gap by producing outcomes that can be used to
design effective enrichment programs for captive animals.

General Findings and Recommendations for Future Research

Results from parametric analyses of programmed procedural-fidelity errors in behavior-reduction and skill-
acquisition procedures have several key takeaways to inform future research and practice (Brand et al., 2019).
High levels of procedural fidelity are most likely to lead to the best outcomes for clients, although fidelity does
not need to be perfect to produce beneficial outcomes (e.g., Bergmann et al., 2021; St. Peter Pipkin et al., 2010).
This is a promising finding considering that conditions in the environment may make perfect fidelity improbable
(e.g., competition for resources, limited supervision; Vollmer et al., 2008). However, there may be a difference
between levels of fidelity that still result in beneficial outcomes for clients depending on whether the
intervention is designed to reduce behavior or build skills. That is, problem behavior remained low when
programmed fidelity levels were as low as 40% (e.g., St. Peter Pipkin et al., 2010), but failure to acquire or
lengthy acquisition periods were observed when fidelity was around 80% in skill-acquisition studies (e.g.,
Bergmann et al., 2021; Brand et al., 2020; Hirst & DiGennaro Reed, 2015).

Another finding is that reduced fidelity can produce more variable patterns of responding across procedures and
participants. Variability impairs a researcher or practitioner's ability to predict behavior. Results also support the
possibility that exposure to high levels of procedural fidelity at the outset of intervention or interspersed with
reduced-fidelity sessions can have protective effects for some (e.g., Colén & Ahearn, 2019, St. Peter Pipkin et
al., 2010; Vollmer et al, 1999); however, the effects are idiosyncratic (e.g., Donnelly & Karsten, 2017). Therefore,
training and supervision for clients implementing behavioral interventions with animals needs to be ongoing to
promote continued high levels of fidelity throughout treatment. Research needs to investigate the effects of
long-term exposure to poor fidelity on animal behavior (Brand et al., 2019). Further, it is possible that caregivers
performing interventions are likely to make long-term fidelity errors without support and assistance from
behavior professionals. For example, an owner may fail to deliver reinforcement to their dog following the
occurrence of an appropriate behavior during home-based training (e.g., Waite & Kodak, 2021), similar to a
teacher omitting praise and a reinforcer following a student's correct response on an academic task (Kodak et
al., 2018). These errors of omission may hinder the dog's or student's acquisition of the targeted skill,
respectively, and may be unlikely to change without feedback from professionals.



Examinations of the short- and long-term effects of common procedural-fidelity errors in applied animal
research and practice will help guide further investigation of the effects of these fidelity errors on intervention
outcomes and methods to prevent these errors. Collaboration between applied animal researchers and animal
behavior practitioners will enable data collection on common procedural-fidelity errors. For example, volunteers
at animal shelters are responsible for implementing protocols such as dog walking and enrichment practices,
and procedural-fidelity data indicate that they only implement approximately half of the protocol steps with
fidelity in the absence of preservice training (Howard & Reed, 2015; Jamison, 2003). Once common errors are
identified, applied animal researchers can examine the short- and long-term effects of these errors on
intervention outcomes for animals. Further, applied animal researchers could evaluate feasible and low-cost
training methods (e.g., written instructions, Howard & DiGennaro-Reed, 2014; video-based training, Howard &
Reed, 2015) to improve procedural fidelity and compare the outcomes of those methods to more intensive
training (e.g., individualized training and feedback from an animal behavior professional).

Measuring Procedural Fidelity

The IV in applied research and practice is conducted by humans. Therefore, measuring whether humans
implement the IV accurately and consistently is both possible and crucial for research and practice (Collier-
Meek, Sanetti et al., 2021; Colllier-Meek, Sanetti, & Fallon, 2021). Whereas procedural-fidelity data reported in
research on humans tend to be very high (Mclntyre et al., 2007), descriptive assessments suggest practitioners
and animal behavior professionals are likely to make errors when implementing behavior-analytic interventions
(Brand et al., 2018; Breeman et al., 2020; Carroll et al., 2013; Colén & Ahearn, 2019; Donnelly & Karsten, 2017;
Foreman et al., 2021; Kodak et al., 2018; Pfaller-Sadovsky et al., 2019). As such, behavioral interventions
implemented incorrectly or inconsistently in practice may not lead to outcomes similar to published studies.

Some may argue that collecting and reporting procedural-fidelity data are unnecessary for a variety of reasons.
One of these reasons is the assumption that a skilled professional will detect issues with the implementation of
the IV if unexpected changes in trend, variability, or level in the DV are observed (Gresham et al., 2000; Peterson
et al., 1982). However, identifying the reason for changes in the DV can be difficult if researchers and
practitioners do not collect procedural-fidelity data. Another assumption is that if the DV remains in a steady
state or behavior changes in the expected direction, then the IV must be implemented to an adequate degree
(Gresham et al., 2000). However, this rationale is not foolproof; threats to internal validity (e.g., extraneous
variables) could be responsible for the change in the DV. For example, in an intervention designed to reduce
separation-related problem behavior in horses, the owner may need to remove the horse's companion animal
to contrive an establishing operation (Mal et al., 1991). However, the owner may suddenly stop removing a
horse's companion at the onset of intervention. If this occurs, the horse's challenging behavior may decrease
due to a change in this uncontrolled variable rather than the effects of intervention. Moreover, even skilled
professionals make fidelity errors (Breeman et al., 2020; Pfaller-Sadovsky et al., 2019). Without measuring the
implementation of the IV, potential confounding variables will go undetected (Gresham et al., 2000). This is
problematic for the experiment; however, the gravest concerns are likely to emerge only when others attempt
to replicate the procedures in research and practice. For replication to be possible, a researcher or practitioner
must know “precisely what was done, how it was done, and how long it was done” (Gresham et al., 2000, p.
200). Data showing the IV was implemented as prescribed increases the likelihood that the effects of a behavior-
change procedure will generalize across individuals, settings, and behaviors (Baer et al., 1968).

Procedural-fidelity errors in research and practice can hinder or prevent an improvement in behavior. The types
of error made by animal researchers, animal behavior professionals, and owners remain unknown due to limited
research on procedural fidelity during animal research and practice, but it is expected that their errors are

similar to those made by practitioners and caregivers delivering intervention to humans. For example, an owner



may provide reinforcement when the dog has not yet engaged in the targeted skill (Waite & Kodak, 2021),
similar to a teacher providing praise when the student has not yet completed an academic task. These errors of
omission may reduce the dog's and student's engagement in the targeted skills, respectively. Due to the
negative impact of procedural-fidelity errors on research and practice with animals, measurement of procedural
fidelity in animal research and practice is an important component of intervention.

Procedural Fidelity Measurement Methods

The measurement system and data analysis method used to collect and analyze procedural-fidelity data can
have important effects on the interpretation of the fidelity of intervention. Determining the purpose of the
measure is necessary to select which procedural-fidelity measurement system and analysis will produce useful
data. Procedural-fidelity data can be used to gauge overall fidelity or pinpoint specific errors. An overall measure
of all components of intervention (i.e., global rating; Cook et al., 2015) provides a general indication of how well
intervention has been implemented and a lens through which to interpret the outcomes of intervention. Global
measures of procedural fidelity may be particularly useful in practice. For example, animal behavior
professionals typically teach owners to implement interventions that will occur in the professional's absence. If
the owner reports that the animal's behavior has not improved, a global measure of procedural fidelity will
assist in informing next steps for intervention. A determination to change the intervention would be made if
procedural-fidelity data suggest the owner implemented intervention components at a level that should
produce behavior change. In comparison, low levels of procedural fidelity suggest the owner requires additional
training and supervision to obtain consistently high levels of accurate intervention implementation. In the
absence of procedural-fidelity data, the likelihood of a successful decision-making process and treatment
outcome is reduced.

Another purpose of measuring procedural fidelity is to pinpoint specific errors occurring during intervention. For
example, a data collector can measure an experimenter's implementation of components of differential
reinforcement of other behavior (DRO) to treat cat aggression (e.g., ceased petting once the cat met the DRO
criteria, initiating petting within 3 s of the end of a break, not delivering enough pets so the cat's behavior could
meet the DRO criteria; Fritz et al., 2022). If the data identify specific errors that occur frequently, the
experimenter can receive retraining on select components of the treatment protocol. Targeted retraining may
reduce its duration by eliminating unnecessary practice of treatment components that are implemented
correctly and consistently.

Procedural fidelity data-collection measures developed to identify overall levels of fidelity (global measures),
pinpoint specific errors (component measures), or evaluate the effects of errors on outcomes must be designed
carefully. Procedural fidelity measures produce different interpretations of fidelity, depending on how data are
collected and analyzed. To illustrate these differences, consider an applied animal researcher studying horse
target training. The researcher might program a session with five trials of target training, and each trial contains
four instructional components measured by the researcher (i.e., presenting the target at the programmed
distance from the horse's muzzle, saying “target,” providing a click immediately following the touch response,
and providing an edible reinforcer immediately after the click, see Table 2). If the researcher makes an error on
one instructional component per trial (i.e., the experimenter fails to provide the edible reinforcer after the click)
the interpretation of the researcher's procedural fidelity will vary depending on the data collection measure and
analysis. Refer to Table 2 and Supporting Information (Fig. 1) for examples of differences in obtained outcomes
based on the measurement system used for procedural fidelity.



Table 2. Comparison of Outcomes of Procedural Fidelity Measures for Horse Target Training

Trial | Horse Implementer Global All or Nothing | Component
Behavior Behavior Scoring by Trial Scoring
Target sP Click | SR+
1 Correct v Target 3/4 0 1 1 1 0
v SP
v Click
x SR+
2 Correct v Target 3/4 0 1 1 1 0
v 'SP
v Click
x SR+
3 Correct x Target 2/4 0 0 1 1 0
v SP
v Click
x SR+
4 Correct v Target 3/4 0 1 1 1 0
v SP
v Click
x SR+
5 Correct v Target 3/4 0 1 1 1 0
v SP
v Click
x SR+
Total 14/20 0/5 4/5 5/5 5/5 0/5
70% 0% 80% 100% | 100% | 0%

Note. Procedural fidelity scores for a target training session with a horse across different procedural fidelity
measures. Numbers indicate the scores across each trial and then the total score for the session. Target = target
on stick placed in correct location; SP = discriminative stimulus “Target”; click = click delivered;

SR+ = edible/positive reinforcer delivered.

If the applied animal behavior researcher analyzes global procedural fidelity by calculating the number of
instructional components implemented correctly during the teaching session, the researcher will sum the
number of correctly implemented components and divide by the total number of possible components (Table 2,
fourth column; Supporting Information Fig. 1). For example, the researcher will sum up to four components per
trial for five trials (i.e., maximum of 20 components implemented correctly) and divide by 20, which is the
overall number of treatment components per teaching session. This proportion is multiplied by 100 to obtain a
percentage of global procedural fidelity. In Table 2, 14 components were implemented correctly for a global
fidelity score of 70% (i.e., 14/20 = 0.70, multiplied by 100 = 70). A fidelity estimate of 70% may lead the
researcher to retrain the implementer or collect procedural fidelity data for an additional session before
retraining.

Global-fidelity scores provide a measure of overall fidelity, and they are frequently used when calculating
caregivers' fidelity during interventions for human participants (e.g., Catania et al., 2009; Lerman et al., 2008).
Global measures also may be used by animal behavior professionals to determine when owner training has
resulted in a sufficient level of fidelity to discontinue training and instruct owners to implement intervention
independently. Nevertheless, global measures can hinder identification of procedural-fidelity errors (Cook et



al., 2015). If the owner continuously makes errors to a critical component of intervention (e.g., failing to provide
a reinforcer following target behavior), the overall global measures may still be relatively high. If only the global
measure is reported, adequate fidelity may be assumed, and the owner would not receive retraining on the
incorrectly implemented component.

In comparison, if the researcher uses a more stringent analysis of procedural fidelity, such as calculating all-or-
nothing fidelity, a different outcome will be obtained (Table 2, fifth column). All-or-nothing by trial fidelity is
calculated by scoring a trial as implemented with fidelity (a score of 1) only when all components are conducted
correctly. If the implementer makes an error on one or more components of the trial, then the trial is scored a 0.
Applying all-or-nothing fidelity to the same five-trial instructional opportunity shown in Table 2 will require the
researcher to score each of the five trials as a 0, because the implementer erred on one instructional component
in each trial. Thus, after summing the scores for all trials, dividing that sum by 5 (for the number of total trials),
and multiplying by 100 to obtain a percentage, procedural fidelity would be 0% for the instructional session.
Based on a fidelity estimate of 0%, the researcher would likely conduct retraining to correct fidelity errors.

Researchers may analyze fidelity of the implementation of individual intervention components. In these
analyses, each component of intervention is analyzed separately to determine whether specific components are
implemented consistently and correctly (Table 2, last columns, “component scoring”). Component scoring can
be all-or-nothing or occurrence and nonoccurrence by individual component. For all-or-nothing by component,
the implementer must conduct the component correctly on all opportunities for the component to be scored as
a 1. If the implementer makes one or more error when conducting a component, then the component is scored
a 0. In our example of the five-trial instructional session, the implementer erred when conducting the target and
reinforcer components. These components would be scored 0; whereas the SP and click components would be
scored 1. Thus, after summing the components implemented correctly, dividing by 4 (i.e., the total number of
components), and multiplying by 100 (i.e., 2/4 = 0.5 x 100 = 50), the procedural fidelity estimate for all-or-
nothing by component would be 50%. A researcher would likely retrain the incorrect components based on this
fidelity estimate.

The researcher can also analyze fidelity by scoring the occurrence and nonoccurrence of each individual
component (Table 2, last columns, “component scoring”). In our example of the five-trial instructional session,
the implementer did not deliver the edible reinforcer following touch responses in any of the five trials. An
analysis of the occurrence of individual components will require the researcher to sum the number of correct
implementations of a component (e.g., providing the edible reinforcer), divide by the number of trials or
opportunities to implement the component, and multiply the proportion by 100 to obtain a percentage. The
researcher would score 0% fidelity for delivering an edible reinforcer because that component was implemented
incorrectly on every trial, 80% fidelity for presenting the target, and 100% fidelity on all other individual
intervention components. A researcher would likely retrain the implementer on the delivery of an edible
reinforcer following target behavior.

All-or-nothing by trial/component fidelity and individual component fidelity offer more stringent methods of
analysis compared to global scores. Unlike global scores, which can produce moderate or high levels of
procedural fidelity when components are routinely implemented with errors, all-or-nothing and component
scores will not yield high fidelity estimates. Using all-or-nothing by trial/component and individual component
analyses will permit identification of the need for retraining and may prevent the continuation of poorly
implemented intervention. Further, all-or-nothing and component fidelity could be used to establish mastery
criteria for experimenter and owner training. All-or-nothing by component or individual component fidelity
permits identification of specific components that would benefit from retraining, which could be more efficient
than retraining all components of an intervention. Component fidelity is less frequently included as the primary
dependent variable for training, despite the benefits of this measure (Cook et al., 2015). In contrast, all-or-



nothing fidelity is more frequently used as a measure of procedural fidelity in studies with humans (e.g., Halbur
et al., 2021; Kisamore et al., 2016), particularly for studies that manipulate procedural fidelity as an IV (e.g.,
Bergmann et al., 2017; Carroll et al., 2013; 2016).

Collecting Procedural Fidelity Data

Although different fidelity measurement methods may be more informative or valid than others (e.g., global vs.
component measurements; Cook et al., 2015), measures differ in relation to time/effort, training, staff, and
technical skills required to collect and analyze data. The ability to collect component-fidelity scores requires
considering the complexity of the intervention and resources needed for training, observation, and data
collection. For example, if a dedicated observer has been highly trained to detect procedural-fidelity errors in an
intervention, then collecting occurrence and nonoccurrence data for every component across every opportunity
may be feasible. However, if an animal behavior professional is assessing their own implementation of an
intervention while actively working with an animal, then another measure of procedural fidelity might be more
appropriate.

Researchers have recently evaluated other fidelity measures that have been described as more feasible for use
in practice. A Likert scale may be used by animal behavior researchers and professionals to measure overall
fidelity following the implementation of intervention (see Supporting Information for an example of a rating
scale). Suhrheinrich et al. (2020) compared the reliability of several measures of procedural fidelity. Five-point
and 3-point Likert scales were evaluated, with each point on the scale anchored to specific behavioral definitions
and percentages of accurate implementation (e.g., a score of 4 on the 5-point Likert scale indicated intervention
components were implemented correctly 80% to 99% of the intervention session). The authors analyzed
interobserver agreement for each Likert scale in comparison to trial-by-trial coding (i.e., occurrence or
nonoccurrence and summed for global fidelity measure). Suhrheinrich et al. reported high exact agreement
between the 5-point Likert scale and trial-by-trial coding for intervention components, whereas the 3-point
Likert scale had low to moderate agreement with the 5-point Likert scale and trial-by-trial coding. The results
suggest the 5-point Likert scale was sufficient for measuring procedural fidelity and may be a more feasible
measure for use in practice once additional research validates the consistent and accurate use of the 5-point
Likert scale in practice.

To maximize efficiency, Cook et al. (2015) suggested first assessing global fidelity scores as an overall indicator of
procedural fidelity and requiring a stringent criterion (e.g., fidelity at 95%-100%) for adequate fidelity levels.
However, this recommendation may not be feasible for many animal behavior professionals. As described
above, calculating global scores requires collecting data on the occurrence and nonoccurrence of every
component on every opportunity. This type of data collection may be arduous for many applied settings. In
addition, global scores can hide repeated errors on specific components (Cook et al., 2015). Therefore, it may be
more feasible for animal behavior professionals to evaluate procedural fidelity by all-or-nothing by component
with a checklist (see Supporting Information Fig. 2 for an example). A checklist can be created with rows of the
required components. The observer or implementer (see self-monitoring below) would record whether each
component was implemented perfectly (i.e., recording Yes) or had at least one error (i.e., recording No). The
animal behavior professional sums the number of components implemented perfectly and calculates the fidelity
estimate. These data can be used to determine whether specific components need to be retrained. Errors in
components for prompting or reinforcing target behaviors may be especially impactful for animal behavior
researchers and professionals focused on teaching skills, and these specific intervention components could be
the focus of some component analyses (Carroll et al., 2013). For example, the animal behavior professional
could examine component fidelity for reinforcer delivery by dividing the number of intervention sessions with
correct reinforcer delivery by the total number of intervention sessions and multiplying by 100 to obtain a
percentage.



Furthermore, focusing on component measures can save time and money, which is critical when working
directly with owners who typically pay for intervention out of pocket (Bisco & Fier, 2020). However, from a
research perspective, programming more stringent measures of fidelity is critical to testing new applied animal
behavior interventions, especially with owners as experimenters, as these measures will allow for assessment of
intervention efficacy and feasibility.

Self-monitoring

Whenever possible, an observer should collect data on an implementer's procedural fidelity (Weston et

al., 2020). However, some settings and conditions may not permit frequent observations, such as when an
animal behavior professional is working with an owner and has a limited number of training sessions. As such,
self-monitoring procedural fidelity, an emerging area in research and practice, may be a desirable option. Self-
monitoring (also called self-recording, self-observations, and self-evaluation) involves a person observing their
own behavior and recording the occurrence or nonoccurrence of a target behavior (Cooper et al., 2020). Several
studies in the behavior-analytic and behavioral-consultation literature have used self-monitoring to assess
procedural fidelity. A review of self-monitoring integrity by teachers (Rispoli et al., 2017) revealed that most
studies included in-vivo monitoring rather than video observations, and teachers used procedural-fidelity
checklists, rating scales, and event recording to collect data on their implementation (see Supporting
Information for sample data sheets). Event recording using a variety of instruments (e.g., tallies on paper,
clickers/counters) was the method used in most of the studies (i.e., 10 of 17 studies; Rispoli et al., 2017). For
example, Sanetti and Fallon (2011) evaluated whether teachers' implementation of the Good Behavior Game
improved with self-monitoring. The data showed teachers' fidelity increased when self-monitoring was used
compared to weekly meetings with a consultant who asked questions about fidelity.

Currently, some research supports the use of self-monitoring with videos. That is, implementers watch a video
of themselves conducting the intervention and complete a direct-observation form, such as an individual-
component checklist or occurrence/nonoccurrence for a global score. Belfiore et al. (2008) taught direct-line
staff to collect data on their own implementation of a behavior intervention plan with a client with ASD. After
teaching staff to use the checklist and requiring 90% correct data collection on one video, the staff monitored
their own procedural fidelity from recorded videos. The self-monitoring intervention increased procedural
fidelity of direct-line staff. Similarly, Pelletier et al. (2010) taught direct-line staff to use a checklist to monitor
their fidelity from videos. The self-monitoring intervention increased the procedural fidelity of all staff
implementation, and high levels of fidelity were observed in maintenance probes. However, there are variations
in the degree to which self-monitoring increases procedural fidelity across participants, and additional feedback
on performance may be necessary (e.g., Belfiore et al., 2008; Bishop et al., 2015; Mouzakitis et al., 2015).

Although a variety of individuals (e.g., teachers, direct-line staff) have engaged in self-monitoring to assess their
procedural fidelity, self-report of procedural fidelity is probably more commonly used by many animal behavior
professionals to assess procedural fidelity of clients. Self-report is an indirect assessment wherein an animal
behavior professional asks the owner how well they implemented the intervention on their own. Self-reports
can be convenient, but data gathered via self-report should be interpreted with caution. Self-reports may not
accurately reflect adherence as implementers are likely to rate their implementation as artificially high
(Gresham et al., 2000; Noell, 2014). Data gathered from self-reports may show high agreement across time, but
there is little empirical support for using self-report data as valid measures of procedural fidelity

(Gresham, 2014; Gresham et al., 2017). In addition, self-reported procedural fidelity in interviews with a
consultant did not improve teachers' procedural fidelity when implementing behavior intervention plans (Noell
et al., 2005); therefore, the utility of self-reported fidelity is questionable.

As an alternative to self-report, self-monitoring may be useful for caregivers or owners of animals because they
will implement the majority of the protocol alone and fidelity may wane following training (Echterling-Savage et



al., 2015). With some support from family members or arranging the environment with a recording device and
tripod, it may be feasible for many owners and caregivers to record themselves implementing procedures. The
applied animal professional could teach the owner or caregiver how to complete the self-monitoring form (e.g.,
component checklist, occurrence/nonoccurrence data, rating scales; Belfiore et al., 2008; Mouzakitis et

al., 2015; Pelletier et al., 2010).

When using self-monitoring for procedural fidelity, animal behavior professionals should include strategies to
increase the reliability of data. Cooper et al. (2020) provides guidelines and recommended procedures for using
self-monitoring to change behavior (pp. 696-699). These recommendations include: (a) designing self-
monitoring data collection systems that are easy to use, (b) providing supplementary sources of control (e.g.,
audio or tactile prompts to self-monitor), (c) focusing measurement on the most critical dimensions of the target
behavior(s), (d) beginning self-monitoring early on and continuing self-monitoring on a frequent basis, and (e)
reinforcing accurate self-monitoring (e.g., Martella et al., 1993). However, interobserver agreement and
feedback on the self-monitoring results may be necessary for longer-term maintenance (Mouzakitis et al., 2015).
For example, an applied animal researcher could design a self-monitoring system and teach owners to self-
monitor their implementation. Thereafter, the researcher could send the owner a text to prompt daily collection
of self-monitoring data, request the owner complete a shared online self-monitoring form, and submit data on
the animal's behavior following intervention each day. The applied animal researcher could provide inexpensive
tangible reinforcers (e.g., a bag of dog treats based on their pet's preference) to owners for consistent data
collection and self-monitoring as well as provide feedback on and brief retraining for consistent errors in data
collection or implementation (as indicated in the self-monitoring forms). Applied animal researchers could
examine the reliability and validity of self-monitoring procedural fidelity measures across interventions and
settings (laboratory, animal's home, training center), including schedules for self-monitoring observations, to
maintain accurate data collection.

Timing of Data Collection on Procedural Fidelity

In research studies, procedural-fidelity data should be collected across all study phases (e.g., baseline,
treatment, follow-up) to evaluate whether procedures were implemented as planned. Ongoing monitoring of
procedural fidelity permits rapid detection of errors that can be corrected via retraining to promote true
positives and negatives (Table 1). If procedural-fidelity data are not monitored throughout the study,
researchers may later identify that the study procedures were not implemented with sufficient fidelity to
warrant publication. Thus, monitoring procedural fidelity throughout the study can prevent allocating extensive
time and effort to collecting data that will ultimately never be published because of questionable internal
validity.

In practice, it is most important to collect procedural-fidelity data during intervention, particularly in the early
portion of intervention implementation. High procedural fidelity at the outset can produce faster skill acquisition
(Bergmann et al., 2021; Carroll et al., 2013; DiGennaro Reed et al., 2011; Jenkins et al., 2015) and supports
greater maintenance of behavior change even if fidelity reduces in later sessions (Echterling-Savage et al., 2015;
St Peter Pipkin et al., 2010). For example, an animal behavior professional could monitor an owner's procedural
fidelity for the first 2 days of intervention. If the owner implements intervention with high levels of fidelity (e.g.,
fidelity is at 90% or above), then the animal behavior professional could schedule less frequent fidelity checks as
intervention progresses, subsequent fidelity checks show consistently high fidelity, and the animal's behavior is
improving. In contrast, if frequent fidelity errors occur in the first few sessions of intervention, the animal
behavior professional could immediately provide feedback to the owner to correct the errors or conduct
behavioral skills training for specific intervention components to improve fidelity.



Careful consideration is necessary regarding how to fade fidelity checks over time. The behavioral consultation
literature suggests teacher-delivered intervention may be at 100% fidelity immediately after training and in the
first few days of intervention but decrease to low levels within 10 days after training (Noell et al., 1997; Sanetti
et al., 2007; Witt et al., 1997). Similarly, studies on dog owners suggest that procedural fidelity may not maintain
at high levels (Echterling-Savage et al., 2015). Noell et al. (2005) thinned performance feedback based on the
teachers' procedural fidelity. In their rapid thinning procedure, feedback on procedural fidelity was provided
following the first day of implementation and every subsequent day until fidelity was 100%. Then, the
researchers monitored procedural fidelity and provided feedback every other day until fidelity was 100% for

2 days. After meeting this criterion, fidelity checks and performance feedback decreased to once per week.
Thus, more frequent fidelity checks may be necessary for at least the first 10 days of intervention, followed by
ongoing monitoring and criteria for fading fidelity checks contingent on stable and high levels of fidelity.

Suggestions for Future Research on Measurement

Whereas there have been multiple studies investigating the extent to which researchers collect and report
procedural-fidelity data on human interventions (e.g., Falakfarsa et al., 2021; Mclintyre et al., 2007; Peterson et
al., 1982), there is only one review which examined additional measures of procedural fidelity like the data-
collection method (Collier-Meek et al., 2018). Future reviews should describe not only if authors of behavior-
analytic literature are collecting and reporting procedural fidelity data but how these data are collected and
computed. Because procedural-fidelity methods and measures can produce different estimates of procedural
fidelity, reviews of the literature and empirical studies that directly compare different methods with the same
samples of behavior would help elucidate important variables to consider when assessing procedural fidelity and
may produce valuable recommendations to guide research and practice. For example, applied animal
researchers could collaborate with animal behavior professionals to compare the accuracy and feasibility of
component fidelity measures to rating scales used in practice. Although rating scales will not provide the depth
of analysis offered by collecting and analyzing procedural-fidelity data on each component of intervention,
rating scales may be identified as more feasible and, thus, more likely to result in the collection of procedural-
fidelity data by animal behavior professionals. In addition to whether procedural fidelity data collection methods
are valid, reliable, and feasible in practice, one should also consider whether stakeholders find the measures and
estimates socially acceptable. That is, stakeholders may prefer to collect and receive data from certain measures
of procedural fidelity over others (e.g., rating scale versus occurrence/nonoccurrence data), which could impact
the manner in which the feedback is received. If the stakeholder reacts poorly to the feedback provided, it is
possible that the animal behavior professional's assessment of procedural fidelity may become less reliable
(Matey et al., 2021).

Generally, including more intervention components in the observation system will lead to a more representative
estimate of procedural fidelity. However, there is not an agreed upon standard for the level of detail of a
measurement system, the number of observations that must be conducted, nor the frequency of observations
to best estimate the fidelity of intervention (Gresham, 2014). A study that examined the number of observations
needed to provide a reliable estimate suggested that at least four observations conducted over a 2-week period
produced reliable estimates of an intervention implemented by teachers (Gresham et al., 2017). Evaluating the
number of observations needed to reliably estimate procedural fidelity in practice is highly applicable to applied
animal researchers and animal behavior professionals who may work with owners to implement intervention
outside of the laboratory. Thus, this area of research needs to be replicated and extended by applied animal
researchers with many animal-behavior interventions and across settings.



Conclusions

The effects of procedural fidelity on intervention outcomes have been examined as both a DV and IV. Basic,
translational, and applied research findings support functional relations between procedural fidelity and
participant and client outcomes and maintenance of behavior change. The measurement system used to collect
procedural-fidelity data can have important effects on interpretation of the fidelity of intervention. Determining
the purpose and feasibility of the measure is necessary to select a procedural-fidelity measure that will produce
useful data. The focus of the current article was on adherence to intervention components, which is important
for quantifying procedural fidelity. However, there are other dimensions of procedural fidelity such as the
quality or dosage of the intervention that should be the topic of further investigation (Sanetti & Collier-

Meek, 2014).

Studies that report procedural fidelity most often measure and report the researcher's or practitioner's accurate
implementation of intervention. Existing descriptive assessments of interventions for humans suggest that
procedural fidelity during real-world implementation is lower than in published research studies (e.g., Carroll et
al., 2013; Kodak et al., 2018). This may be especially pertinent to animal behavior researchers and practitioners
because behavioral interventions are frequently implemented by stakeholders (e.g., shelter volunteers, owners
of companion animals, zookeepers) who require training to conduct interventions with fidelity. Additional
studies on animal interventions conducted by stakeholders will be critical to determine the levels of procedural
fidelity necessary for initial treatment effectiveness as well as long-term maintenance and generalization.
Specifically, applied animal researchers should perform descriptive assessments and experimental analyses on
procedural fidelity to identify the types, frequency, and intervention impacts of common fidelity errors.

Whereas research has begun to investigate the effects of procedural-fidelity errors on outcomes of behavior
interventions to reduce problem behavior and build new skills in humans, the current knowledge about the
effects of procedural fidelity on intervention outcomes for animals is limited. For example, sufficient levels of
component fidelity for behavior-reduction and skill-acquisition programs to retain efficacy and efficiency of
interventions remains an area in need of further investigation. Similarly, there is a paucity of research
manipulating fidelity as an IV for applied animal behavior. However, there are substantial challenges to
evaluating procedural fidelity as an IV when working with human and animal clients. The long-term effects of
treatment-integrity errors on learning remain unknown, and clients in need of services have the right to
effective intervention (BACB, 2020). In addition, the consultation model used during service provision to owners
of companion animals may not provide extensive time for training and direct observation of procedural fidelity,
making it difficult to manipulate and maintain prespecified levels of procedural fidelity. As such, continuing lines
of procedural-fidelity research in laboratory settings and with analogue preparations may be ideal. Research on
the effects of component-fidelity errors during skill acquisition could be continued in laboratory investigations to
minimize any negative effects on learning in practice (Brand et al., 2019). Similar studies could be performed
with shelter dogs, which are consistently accessible during their time in the shelter and could benefit from
additional opportunities for human engagement and behavioral intervention (Winslow et al., 2018). In addition,
animal behavior professionals could implement behavioral interventions to obtain data on the efficacy and
efficiency of function-based interventions when implemented with initially high levels of procedural fidelity.
Following further demonstrations of the conditions necessary to produce sufficient fidelity across interventions
and populations (humans and animals) in laboratory settings, translation of these findings into practice will
improve the efficacy and efficiency of behavioral interventions, thus providing better outcomes for clients.

Understanding that procedural-fidelity errors occur and can affect the outcomes of behavioral interventions
should lead animal behavior professionals to retrain stakeholders when procedural fidelity degrades. Individuals
interested in assessing and promoting accurate implementation of interventions for animal behavior may find
guidance in the literature on behavioral consultation with teachers, because teachers are also likely to



implement behavioral interventions following brief training with feedback from consultants. Strategies to
promote fidelity in a consultation model like performance feedback (e.g., Noell et al., 1997), graphical feedback
of performance (Sanetti et al., 2007), and self-monitoring (Rispoli et al., 2017) may be generalizable to animal
behavior professionals working with owners and volunteers. Further, given the importance of procedural fidelity
for behavioral interventions, organizations overseeing certification for animal behavior practitioners should
consider including procedural-fidelity requirements in their code of ethics.
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