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Abstract

Changing criterion designs (CCD) are single-case experimental designs that entail a step-by-step
approximation to the final level desired for a target behavior. Following a recent review on the
desirable methodological features of CCDs, the current text focuses on an analytical challenge:
the definition of an objective rule for assessing the correspondence between criterion levels and
behavior. We review extensively applied research and methodological recommendations for
establishing experimental control, such as the range-bound CCD, and integrate them in a
proposal for a formal expression of an objective rule. We illustrate how this proposal can lead to
establishing the acceptable level of behavior prior to gathering the intervention phase data and
how it leaves space for professional judgement. A discussion of software implementing the

suggested proposal is included.
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Single-case designs entail the repeated measurement of a target behavior in a single unit
(individual or group) under the different conditions of the experimentally manipulated
independent variable (Horner & Odom, 2014). Criteria for internal and external validity have
been suggested (Horner et al., 2005) to improve the quality of single-case designs and for
ensuring they can help identifying evidence-based practices (Ganz & Ayres, 2018). The logic of
single-case designs and their different types have been presented in textbooks (e.g., Barlow,

Nock, & Hersen, 2009; Kennedy, 2005) and journal articles (e.g., Plavnick & Ferreti, 2013).

The current focus is on changing criterion designs (CCDs), in which a brief baseline is
followed by an intervention and, during the evaluation of the effect of the intervention, the
criterion for reinforcing the behavior of interest is changed (Barlow et al., 2009). In a CCD,
there are several sub-phases within the intervention phase, each of them characterized by a

different criterion level that has to be met by the target behavior.

CCDs are deemed very useful for increasing or decreasing gradually the level of a behavior,
which is a strength for situations in which large immediate changes cannot be expected (Klein et
al., 2017). Another strength of CCDs is that they can be applied to non-reversible behaviors
(Barlow et al., 2009), unlike ABAB designs and alternating treatments designs. Moreover,
demonstrating experimental control via a CCD does not require replication across participants,
unlike the most commonly used version of the multiple-baseline design. Furthermore, Ledford
and Gast (2014) argue that CCDs are especially useful when the intervention program uses
differential reinforcement of other behavior or differential reinforcement of low or high rate of
behavior. As a limitation of the CCD, the behavior whose frequency or duration is to be modified
should already be in the participant’s repertoire (Ledford & Gast, 2014). Regarding the actual

use of CCDs, we can only refer to published research, as reviewed by Shadish and Sullivan
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(2011) and Smith (2012), with CCDs representing 2.6% and 4% of the studies, respectively. In
absolute terms, the review by Klein et al. (2017) included more than 100 CCD published studies,
which suggests that it is worth dedicated efforts to improve the use of CCDs. In relation to the
kinds of behaviors studied, according to Klein et al. (2017) the most frequent targets of
intervention were academic behaviors, followed by sports/physical behaviors, and self-case
behaviors. McDougall, Hawkins, Brady, and Jenkins (2006) present further examples of actual
CCD research with children (e.g., increase the number of math problems solved, increase

compliance with medication) and adults (e.g., increase work rate, reduce cigarettes smoked).

Aim and Organization of the Article

The current text was prompted by a recent review of CCD studies, presented alongside
methodological recommendations (Klein, Houlihan, Vincent, & Panahon, 2017). Moreover,
there is scarce literature dedicated specifically to the data analysis of CCDs (except for
McDougall, 2005). For instance, Pustejovsky & Ferron (2017) state that most effect sizes work
well only with AB, multiple-baseline, and withdrawal [ABAB] designs. In order to build on the
work of Klein et al. (2017) and McDougall (2005), we focus on the demonstration of
experimental control in a CCD, integrating methodological and data analytical aspects.
Specifically, the current text aims to present an objective rule for assessing whether the behavior
meets the criterion levels. This objective rule can be understood as a data analytical proposal,

addressing one of the features required for demonstrating experimental control.

In terms of the organization of the article, we first refer to how experimental control is
demonstrated in CCDs. Second, we review the data patterns indicative of experimental control.

Third, we review published CCD research and we focus on how the data have been analyzed.
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Fourth, we derive data analysis implications from the review. Fifth, we present our proposal on
how to assess objectively whether the data pattern matches the criterion levels sufficiently or not.

Finally, a discussion is provided in relation to transparent reporting and publication bias.

Changing Criterion Designs and Experimental Control

“Experimental control” can be considered equivalent to a “functional relation” (Horner &
Odom, 2014), established by repetitive experimental manipulations of the independent variable
(i.e., the condition) associated with changes in the target behavior (Kennedy, 2005). Another way
to understand a functional relation is that the observed data pattern is as predicted according to
the characteristics of the design (Riley-Tillman & Burns, 2009). In the context of a CCD, it is
possible to establish, via repetitive changes in the criterion for reinforcement, whether there is a
causal relation between treatment and behavior (Barlow et al., 2009). Nonetheless, other authors
have suggested that a CCD does not provide as strong evidence for a causal effect as withdrawal
or multiple-baseline designs (Graham, Karmarker, & Ottenbacher, 2012; Taggart, Taggart, &
Siedentop, 1986). Still, it is possible to embed a CCD within a withdrawal design (e.g., Nicol &
Hantula, 2001) or within a multiple-baseline design (e.g., Todd, Reid, & Butler-Kisber, 2010). In
addition to replicating the basic effect, it is also necessary to further strengthen methodological
rigor in relation to, for instance, procedural fidelity (Horner et al., 2005) and interrater observer

(Ganz & Ayres, 2018).

Regarding the methodological strategies necessary for controlling for extraneous variables
(Horner & Odom, 2014), for a CCD, Hartmann and Hall (1976) recommend that all sub-phases
should be long enough to ensure that successive changes in a therapeutic direction are not

naturally occurring and that intervention sub-phases should differ in length. Ledford and Gast
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(2014) add the importance of differing sub-phase lengths and varying the size of the criterion
changes (e.g., not always increasing by 20%). Moreover, the criterion levels are typically pre-
selected (Kratochwill et al., 2010) in such a way that the magnitude of change between
consecutive criteria is likely to be achievable (Hartmann & Hall, 1976). A priori chosen criterion
levels avoid the use of response-guided choices, which may increase the rate of errors when

assessing the results (Franklin, Gorman, Beasley, & Allison, 1996), especially false positives.

Another relevant methodological aspect refers to the possibility to revert to a former criterion
in order to increase the strength of the evidence of experimental control (Barlow et al., 2009).
Specifically, such a reversal may be used as evidence that the change in the behavior is not
naturally occurring, for instance, due to maturation (Ledford & Gast, 2014). Klein et al. (2017)
make it clear that the mini-reversals to previous criterion levels are not a requirement and

according to their review 63% of the studies did not incorporate it.

Finally, regarding the need for replication (Hartmann & Hall, 1976), several suggestions have
been made. Kratochwill et al. (2010) state that at least three criterion levels are required for the
CCD to meet design standards. Klein et al. (2017) suggest “three or more changes in the
criterion level” (p. 53), whereas Ledford and Gast (2014) recommend “four changes in criterion
level” (p. 348). Regarding analytical aspects, we consider that for a better assessment of
experimental control, an objective rule is necessary to whether the “target behavior changes
when and only when the criterion changes and [the] behavior remains at a stated criterion for the
duration of the condition” (Ledford, 2018, p. 73). We propose here an objective rule for that
purpose, consisting in assessing whether all data points fall into several formally established

acceptable ranges, determined before gathering the intervention phase data.



Running head: CHANGING CRITERION DESIGN

A Review of Data Pattern Recommendations

The article by Hartmann and Hall (1976) is the first and most widely known attempt to present
CCDs systematically. These authors refer to several aspects related to the “successful
implementation” of a CCD (p. 530). Three of these aspects can be understood as referring to data
analysis, as they are related to data features: (a) stable or worsening baseline data; (b) stability
after the change in the behavior at one level and before moving to the next criterion level; (c)
close correspondence between behavior rate and changes in the criterion is necessary. We could
understand that these three data features represent, together with the design requirements
regarding phase lengths and the number of treatment phases, evidence for experimental control.
Lack of stability has been suggested to be dealt with by returning to a lower criterion (Barlow et

al., 2009) or by using statistical analysis (Hartmann & Hall, 1976).

The most frequently mentioned requirement is the “close correspondence” between criterion
levels and behavioral measurements (Kazdin, 1989; Kratochwill et al., 2010; Ledford & Gast,
2014), in absence of an objective definition. Additionally, according to Ledford and Gast (2014)
the change should be immediate, whereas McDougall et al. (2006) state that the “latency of
change” should be “minimal” (p. 3). The basis of the proposal we later make regarding how to
define objectively close correspondence is the work of McDougall (2005): the “range-bound
CCD”, in which a range of acceptable performance is defined. Ledford and Gast (2014)
incorporate this option by stating that “the data [should] fall within a pre-established range at
each criterion level” (p. 348). The main reason underlying the range-bound CCD is both a
clinical one (i.e., ensuring a gradual and potentially healthier change in the behavior) and an
analytical one (i.e., offering a consistent but flexible criterion for amount of behavior that

conforms to the expected data pattern). Additionally, they propose a quantification called the
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percentage of conforming data (PCD, representing percentage of measurements within the
established limits). Regarding the PCD, the authors do not specify a necessary value, but they do
state that it should be used as a supplement and not as a replacement to visual analysis. In
relation to CCDs in general and potentially to the range-bound CCD, Ledford and Gast (2014)
mention as a limitation the “professional guesswork” (p.349) involved in defining criterion levels
and acceptable response ranges. The aim of the current text is to increase the objectivity and
reduce the professional guesswork (i.e., decisions on a subjective basis in absence of explicitly

spelled out criteria) involved in analyzing CCD data.

Review of Published Research Using CCD

Before proposing an objective tool for data analysis and for the assessment of experimental

control, we aim to get familiar with the actual analytical practice in published CCD research.

Search Strategy

Klein et al. (2017) performed a bibliographic search for applied studies using a CCD published
before January 2014, identifying 106 studies. We contacted Daniel Houlihan, the corresponding
author of the Klein et al. (2017) paper, asking for the references to the 106 studies (see online

supplementary material: Appendix A; https://osf.io/agh3r/). After an extensive search, we were

able to locate 101 of these 106 studies (95.28%).

Mirroring the Klein et al. (2017) search strategy in order to include articles published after
January 2014, we searched the PsycINFO, ERIC, and PubMed databases using the key words
“changing criterion” for articles published in 2014, 2015, 2016, and up to June 2017, plus

articles from any period citing the Hartmann and Hall (1976) articles, as per the PsycINFO
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database. The introduction and discussion section of each newly identified article was examined
to locate other studies utilizing a CCD. Inclusion criteria, as used by Klein et al. (2017), were
presenting original research data and explicitly stating that a CCD is used. This additional search
resulted in locating and retrieving the full text of 27 more articles (see online supplementary

material Appendix B; https://osf.io/agh3r/, also including the list of excluded studies).

Coding

Two aspects were coded. On the one hand, we explored whether there was any pre-defined rule
(“mastery criterion”) for determining that a criterion level is met and/or for deciding to shift to
the next criterion level. We were only looking for explicit sentences in the Method or Results
section of the primary studies. For instance, Hartmann and Hall (1976) mention three
consecutive days meeting or exceeding the criterion level as such a rule. Additionally, the code
“unspecified or several” was assigned to studies using several explicitly stated mastery criteria or
to studies not explaining explicitly the criteria used. On the other hand, we categorized the way
in which the data are analyzed, as reported in the Method or Results section of the primary
studies. The categories used for coding were created on the basis of the six data features from
Kratochwill et al. (2010): level, trend, variability, immediacy, overlap, and consistency. We
applied these six codes if a report provided either a verbal comment or a quantification.
Regarding variability, we applied the code when “stability” was assessed verbally, when the
range, the standard deviation, or a range-bound CCD was used, or when individual values were
commented. We applied the “level” code when mentioning means and comparing the values to
the criterion level established for the sub-phase(s). Regarding immediacy, we applied the code
when comments were present on the initial sessions of a sub-phase or when the behavioral

change was judged rapid/immediate or not. Regarding consistency, it refers to explicit comments
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on whether a change in the behavioral level has been replicated consistently, either within the
same participant or across participants in the same study. When coding the actual data analysis,
we also coded whether the mastery criterion was mentioned again: for instance, commenting the

number of sessions required for meeting the criterion.

Results

In terms of the progression in the publication of CCD studies per decades, the results are as
follows: 9 studies (7% of the 128 studies included in the review) from 1974 to 1980, 25 studies
(19.5%) from 1981 to 1990, 16 studies (12.5%) from 1991 to 2000, 38 studies (29.7%) from

2001 to 2010, and 40 studies (31.3%) from 2011 to 2017.

The results of the use of a mastery criterion are presented in Table 1. Approximately 70% of
the studies include a mastery criterion and the most common one (in 28.91% of the studies) was
three consecutive sessions meeting or exceeding the criterion level. In terms of any possible
changes in time, the following results were obtained regarding the use of a mastery criterion for
changing the criterion level: 4 of the 9 studies (44.4%) from 1974 to 1980, 11 of the 25 studies
(44%) from 1981 to 1990, 11 of the 16 studies (68.8%) from 1991 to 2000, 28 from 38 studies
(73.7%) from 2001 to 2010, and 34 and 40 studies (85%) from 2011 to 2017. Additionally, the
number of sessions required until reaching the mastery criterion was explicitly reported as
follows: 1 of the 9 studies (11.1%) from 1974 to 1980, 5 of the 25 studies (20%) from 1981 to
1990, 3 of the 16 studies (18.75%) from 1991 to 2000, 7 from 38 studies (18.4%) from 2001 to
2010, and 14 and 40 studies (35%) from 2011 to 2017. Thus, it seems that mastery criteria are
becoming increasingly important for determining when to change the criterion level, but the time

required for meeting them is not so clearly increasingly used as one of the main outcomes.
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The analysis of the CCD data (Table 2) most frequently focuses on commenting verbally or
quantifying numerically the level of behavior (in 83.59% of the studies reviewed). Comments on
data variability vs. stability and/or quantifications of variability are present in 39.06% of the
studies. A reference to the mastery criterion, especially the number of sessions required to meet
it, is present in 22.66% of the studies. It should be noted that several studies comment on more

than one data feature, which is why the percentages add up to more than 100%.

INSERT TABLES 1 AND 2 ABOUT HERE

Implications Derived from the Recommendations and the Review

The Need for Adequate Quantitative Aids

Visual analysis is expected to focus on several data aspects (Kratochwill et al., 2010) and,
therefore, it may provide a holistic assessment, while also being useful for validating numerical
results (Parker, Cryer, & Byrns, 2006). Nonetheless, it may be necessary to develop visual aids
(Gast & Spriggs, 2014), protocols (Maggin, Briesch, & Chafouleas, 2013), and to train visual
analysts to use structured criteria (Wolfe & Slocum, 2015). The reason for looking for
complements to visual analysis is that it may not be sufficient to look for dramatic changes
(Cooper, Heron, & Heward, 2007), because visual analysis may miss small but clinically

meaningful effects (Barnard-Brak, Richman, Little, & Yang, 2018).

In the CCD context, Hartmann and Hall (1976, p. 531) state that “with data characterized by
excessive variability or complex trends, a simple visual display may be unconvincing, and
statistical procedures may be required”. Therefore, we consider that terms such as “excessive

variability” need to be defined operatively given the importance of stability for all single-case
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designs and for CCD data in particular (Barlow et al., 2009; Hartmann & Hall, 1976; Ledford &
Gast, 2014). An objective tool may not only help assessing whether the variability is excessive
(e.g., Allen & Kramer, 1990; Figure Al from online supplementary material: Appendix C;

https://osf.io/agh3r/), but it may also help identifying which behavioral change can be considered

as an indicator of intervention effectiveness or experimental control.

Verbal Comments May Not Be Sufficient

Facon, Sahiri, and Riviere (2008) mention a “very close correspondence” (p. 318) between the
changes of criterion level and the behavior, but the behavior met or exceeded the criterion levels
for only 16 of the 45 measurement occasions and from the graph (Figure A2 from the online
supplementary material: Appendix C; https://osf.io/agh3r/). Using an acceptable range of
criterion level plus/minus 10% (as in the example of the range-bound CCD; McDougall et al.,
2006), all measurements would actually be included in this range (see upper panel of Figure A2).
In contrast, if we apply our proposal for acceptable ranges that do not overlap, the result is not

that clear (see lower panel of Figure A2).

Means Do Not Necessarily Provide Useful Information

First, means do not quantify what percentage of the data points meet the criterion level. Second,
means do not inform about immediacy: for instance, in Marcus, Sinnott, Bradley and Grey
(2010) only means are reported but no emphasis is put on the time needed to reach the mastery
criterion of two consecutive sessions with 0 target behavior (see Figure A3 from the online
supplementary material: Appendix C; https://osf.io/agh3r/). Third, means do not inform about
stability: for instance, Shaw and Simms (2009, p. 257) state that the intervention was “successful

in decreasing challenging behaviors across all students” and only report means, not considering
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variability (see Figure A4 from Appendix C). Fourth, means do not inform about the amount of
overlap with the previous criterion level. For instance, in the Todd et al. (2010) data, the initial
values of each criterion level overlap with the previous phase (see Figure A5 from Appendix C),
but the authors still conclude that “Lisa and Daniel increased their distance cycled during a 30-
min session as a function of the self-regulation intervention” (p. 238). We advocate for a pre-

defined acceptable range that would overcome the limitations of reporting mainly means.

Overlap is a Relevant Criterion

McDougall et al. (2006) mention the lack of overlap between the behavioral measures belonging
to different sub-phases of the intervention phase as important for demonstrating experimental
control. Regarding the studies reviewed, Cannella-Malone, DeBar, and Sigafoos, (2009) include
lack of overlap with the baseline data as a sign of progress in the target behavior. Additionally,
Ganz and Flores (2008) use the Percentage of nonoverlapping data (PND) as a quantification.
However, measures such as the PND and the Nonoverlap of all pairs (NAP) are useful when the
data are stable (i.e., without a trend) and do not present outliers, whereas other nonoverlap
measures do control for trends (see the review by Parker, Vannest, & Davis, 2011). In relation to
our proposal, the acceptable ranges can be established not to overlap across criterion levels and

conforming to these ranges would be indicative of lack of excessive variability.

Mastery Criteria and Immediacy May Not Agree Well

The use of mastery criteria can be understood either as a substitute for the close correspondence
or as way of defining it objectively. Therefore, not all (100%) data points need to meet the
criterion and not from the very first measurement session at the new criterion level. For instance,

Schleien, Wehman, and Kiernan (1981) focus on the time needed to reach the mastery criterion
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of two consecutive completions of the 7 steps (see Figure A6, from the online supplementary
material: Appendix C; https://osf.io/agh3r/, for one of their participants’ data). The idea that
immediacy is not a strict requirement for demonstrating experimental effectiveness is not well-
aligned with Kratochwill et al. (2010) or with the requirements described in McDougall et al.
(2006) and in Ledford and Gast (2014). However, accepting lack of immediacy is reflected in the
current focus on delayed effects (Levin, Ferron, & Gafurov, 2017; Natesan & Hedges, 2017). In
case delayed effects are deemed acceptable, it would be necessary to state explicitly, prior to
gathering the data, at which moment the effect is expected to take place. A predefined acceptable
range would not require strictly speaking immediately meeting the criterion level; what is

required is that the data conform to the range (rather than to its middle line) from the beginning.

Not Any Quantification Is Suitable

The quantification needs to reflect well the features of the CCD. For instance, Edinger, Nelson,
Davidson, and Wallace (1978) computed Pearson’s correlation between the criterion level for
each session and the target behavior value for the same sessions. A correlation only reflects a
linear relation between the two sets of numbers, but does not guarantee that the behavior matches
the criterion (i.e., that these numbers are similar). Similarly, if we were to quantify the slope
across all intervention sub-phases (as proposed by Shadish, Kyse, & Rindskopf, 2013, when
discussing applications of multilevel analysis), a steeper slope would not necessarily imply
correspondence to the criterion level. Actually, the Pearson correlation and the estimation of
slope maybe better related to the idea of using a goal line as a means of assessing whether the
behavior is progressing as fast as expected to the final goal (Riley-Tillman & Burns, 2009).
Nonetheless, this is not the same procedural aim as in CCDs. Finally, in relation to statistical

tests (e.g., Brogan, Falligant, & Rapp, 2017), it is necessary to discuss exactly what information
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is provided when concluding that the difference between the baseline data and the intervention

phases is statistically significant.

It Is Possible to Assess Several Data Features

When analyzing visually single-case designs data, several data features are expected to be
assessed (Kratochwill et al., 2010). For CCD published research, we also found instance of such
practice. Scott, Scott, and Howe (1998) discuss the immediacy of effect, average level, amount
of overlap, and variability quantified via the standard deviation. Similarly, Ganz and Flores
(2008) comment on overlap quantified via the PND, means and ranges per criterion level, as well
as considering the mastery criterion established. Cervantes and Porretta (2013) used the PCD,

compared average levels of behavior across phases and mentioned overlap.

Actual Use of an Acceptable Range

In our review, we found one direct application of the range-bound CCD (Cervantes & Porretta,
2013) and two examples related to this idea. Buisson and Murdock (1995) set that all data points
should be included within 10% of the criterion level, whereas Fitterling, Martin, Gramling, Cole,

and Milan (1988) set that the last three data points should be within 20% of the criterion level.

Main Proposal and Its Justification

The Proposal in Formulaic Terms

We propose refining the idea for the range-bound CCD by McDougall et al. (2006) by presenting
an expression for defining the acceptable range of measurements in such a way that, in case all
data conform to the ranges (i.e., PCD=100%), as recommended here, there would a complete

nonoverlap between adjacent conditions, which could be represented as NAP equal to 100%.
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For the first criterion level (CL,), the upper limit (UL) and the lower limit (LL) of the
acceptable range are defined on the basis of the baseline data: UL, = CL; + d, and LL; = CL; —
d,. In this expression, d, is the half-width of the first interval and it is defined as d; =
scattery, X p1; 0 < p; < 1, where scatter, is some measure of baseline variability, expressed in
the same units of the variable of interest. In single-case research, the range is the usual measure
of variability, preferred over the standard deviation (Ledford, Lane, & Severini, 2018), which
was mirrored in our review and, specifically, several studies explicitly comment on the range of
the baseline data, before describing the results from the intervention phase (e.g., Carson, Moosa,
Theurer, & Cardy, 2012). If we use range as a measure of variability, scatter; = max(y,;) —
min(y,;);i =1,2,...,n4, Where ny is the number of baseline phase measurements. In case there
are clear outliers: in the baseline data, a resistant measure such as the median of the absolute
deviations from the median (MAD) can be used. The other term in the expression is py,
representing the proportion of the baseline phase scatter measure that is used when defining the
acceptable range for the first criterion level. On the one hand, the greater the value of p, the
wider and less stringent the acceptable range. On the other hand, a smaller value of p, can

compensate for a measure of scatter, affected by a potential outlier in the baseline data.

For subsequent criterion levels (j = 2,3, ..., k), the acceptable range is defined as follows:
ULj = CL;j + d; and LL; = CL; — d;. In these latter two expressions, the half-width of the

interval (d;) is computed on the basis of the difference between the current criterion level (CL;)

1 Outliers can be detected quantitatively using the rule incorporated in the boxplot or using a rule based on MAD
itself (Leys, Ley, Klein, Bernard, & Licata, 2013). However, it is not clear whether such rules are useful when few
data points are available (like in a typical baseline from a CCD). Therefore, it may be more reasonable to define
what an outlier is on the basis of substantive knowledge. In absence of such knowledge, we recommend using the
range instead of MAD, as the range is the more commonly used and more easily visually represented.
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and the previous criterion level (CL;_,), while also taking into account the half-width of the

previous criterion level (d;_;): d; = (|CL; — CLj_4|—d;—1) X p;;0 <p; < 1.

In the expression for d;, the term p; represents a proportion and enables making the
acceptable range narrower and more stringent (for smaller values of p;) or wider and less
stringent (for greater values of p;). Actually, the restriction 0 < p; < 1 is introduced, given that
in case p; = 0 the acceptable range would be represented only by the criterion level value (CL;),

whereas in case p; = 1 the acceptable ranges of two adjacent criterion levels would just overlap.

The Proposal and the Choice of p;and p; via an Example

The main questions that arises from the formal presentation of the proposal is how to choose p1
and the subsequent p; values. The initial answer is by trial and error, in such a way as to produce
acceptable ranges that seem reasonable to the researcher. Given that this answer entails
subjectivity, it is crucial that the acceptable ranges are chosen before gathering and representing
graphically the intervention phase data. Actually, in the following example, we have
intentionally excluded the intervention phase data in order to show that they are not necessary for
defining the criterion levels or the acceptable ranges. Next, we illustrate how the choice of p; and

p; values affects the ranges defined and what ranges could be considered “reasonable” in

general, although the researcher’s criterion would be useful to fine-tune the acceptable ranges.

The example represented in Figures 1 and 2 includes two criterion levels: 6.7 and 10.2, as
retrieved from the graphical representation from Todd et al. (2010) for a participant called Lisa.
The first sub-phase consists of 6 sessions and the second of 7. The acceptable range around the

first criterion level is decided on the basis of the baseline variability scatter, = max(y,;) —



18
Running head: CHANGING CRITERION DESIGN

min(y,;) = 6 — 2. For the sake of illustration, the first proportion is chosen to be p; = 0.5,
because it would lead to a half-width of the first acceptable range equal to half the baseline data
range (i.e., the first acceptable range would be as large as the baseline range). However, a
different value can be chosen by trial and error, as illustrated in Figure 1. Note that a value of
p; = 0.5,j # 1, would mean that the half-width of the acceptable range would be half the
distance between the criterion level j and, for instance, the upper bound of the acceptable range

for the previous criterion level.

For the top left panel of Figure 1, d, = scatter, X p; = 4 X 0.5 = 2 and, therefore, the
upper limit for the first criterion level is 6.7 + 2 = 8.7 and the lower limitis 6.7 — 2 = 4.7. For
the second criterion level, the initial proportion chosen is also p, = 0.5 and the half-width of the
interval is computed as d; = (|CL; — CLj_4|—d;—1) X p; = (110.2 — 6.7] — 2) X 0.5 =
(3.5 —=2) x 0.5 = 0.75. The upper limit for the second criterion level is 10.2 + 0.75 = 10.95
and the lower limitis 10.2 — 0.75 = 9.45. Note that the same value of p; does not entail the
same half-width, because the half-width also depends on the difference between adjacent
criterion levels. Specifically, for the same p;, if the difference between adjacent criterion levels
is smaller, the acceptable range would be narrower. In summary, p: is the proportion of baseline
variability to be used when defining the first acceptable range and p: is the proportion of the
distance between the upper limit of the acceptable range from the first sub-phase and the

criterion level of the second sub-phase.

Regarding the effect of different values of p;, from Figure 1 it is clear how larger values of p:

entail a wider acceptable range for the first sub-phase and smaller values entail a narrower range.

When the first acceptable range is narrow and the two adjacent criterion levels are clearly
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separated (top middle and top right panels of Figure 1), then the positive relation between the
value of p2 and the width of the acceptable range is also clear. When the first acceptable range is
wide (bottom left and bottom middle panels of Figure 1), the subsequent second acceptable range
has to be narrower in order to avoid overlap between the acceptable ranges. In such case, the
value of py is also related positively to the width of interval the acceptable range. Nevertheless, it
has to be noted that p: and p2 do not represent proportions of the corresponding criterion levels,
as the bottom left panel of Figure 1 illustrates the fact that p, being greater than p; does not

imply that the acceptable range for the second sub-phase is wider.

Regarding the a priori choice of “reasonable” acceptable ranges, one option is to establish
more restrictive ranges for later sub-phases as compared to initial ones. This option reflects well
the possibility that the final aim is elimination of a problematic behavior (i.e., a required
percentage of occurrence of 0%) or the complete instauration of a desirable behavior (i.e., a
required percentage of occurrence of 100%). Accordingly, when the target behavior approaches
the floor and ceiling effects, it is logical that the variability ought to be lower. In the current
example, this can be achieved with several different combinations of p1 and p, as illustrated in
Figure 1. Which is better is up to the researcher’s criterion. Another option for establishing
“reasonable” acceptable ranges is to make their width approximately the same in absolute terms.
This is what we tried to achieve in the bottom right panel of Figure 1 and later used in Figure 2:

we chose relatively wide acceptable ranges due to the variable baseline data.

Overall, it is not clear whether the acceptable ranges need to have the same width in absolute
terms, the same relative width in relation to the criterion level, or these ranges should be
progressively narrower. For instance, the example from McDougall (2013) includes several

ranges of equal relative width (10% of the criterion level), but the absolute width is larger for
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higher criterion levels (established for later sub-phases), leading to a greater range of acceptable
values as the behavior approaches the final goal. In any case, the expressions presented here

make possible any of these options.

Regarding the application of the acceptable range as an objective rule, as per the lower panel
of Figure 2, we could say that not all data conform to the acceptable ranges: 2 values from each
sub-phase fail to do so. If we applied to range-bound CCD on the basis of the criterion level
plus/minus 10% (Cervantes & Porretta, 2013; McDougall et al., 2006), the ranges are actually
smaller for these data (unlike for Figure A2) and thus it is even clearer that there is not a close
correspondence between the criterion level and the behavior observed. In contrast, recall that the
authors’ conclusion was that “Lisa and Daniel increased their distance cycled during a 30-min
session as a function of the self-regulation intervention” (Todd et al., 2010, p. 238). In absence of

close correspondence (Figure 2) and more sub-phases, it is not possible to infer causality.

INSERT FIGURES 1 AND 2 ABOUT HERE

Justification

First, the proposal provides an objective operative definition for ambiguous phrases such as close
correspondence between behavior and criterion level, reducing the amount of guesswork
(Ledford & Gast, 2014) involved in defining acceptable response ranges, although researchers
still can incorporate their judgment in the definition of the proportions p;. Objective ranges
drawn on the same graph would reduce the potential deleterious effect of inappropriately
constructed graphs (Dart & Radley, 2018). Second, it allows dealing with several data aspects
simultaneously: (a) variability of the baseline data represented in the term scatter,; (b)

variability in the intervention phase data as compared to the acceptable ranges; (c) overlap: in
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case the data conform to the acceptable ranges, there would be no overlap across criterion levels;
in that sense, the change in level would be clear; (d) immediacy of the effect: there is certain
tolerance for not meeting or exceeding the criterion level immediately, but the data should
conform to the acceptable range immediately; and (e) the mastery criterion can be defined as all
values falling within the pre-defined acceptable range for the whole duration of the criterion
level or can be used as a supplement to the acceptable range. Third, the expressions presented
here have been incorporated in a web-based Shiny application

(https://manolov.shinyapps.io/ChangingCriterion; see online supplementary material (Appendix

D; https://osf.io/agh3r/) of the input and numerical and graphical output.

In terms of statistical alternatives, Bayesian analysis has recently illustrated by Aerts (2015)
for a CCD, but its use is limited to estimating intercepts and slopes and does not deal with all
data features mentioned in the previous paragraph, which are also the typical ones on which

visual analysis focuses (McDougall, 2013).

Use of the Proposal

In order to ensure experimental control, we suggest that the PCD should be 100%, which would
also ensure that there is no overlap. We consider that this analytical option has to be used jointly
with the methodological recommendations reviewed in the introduction (e.g., varying phase
lengths for the different criterion levels, replicating the findings across several participants or
behaviors), because it is only one piece of information that needs to be integrated with the
remaining evidence.. In addition to assessing experimental control, it has to be assessed whether

the results are clinically meaningful and socially valid (Horner et al., 2005).

Discussion


https://manolov.shinyapps.io/ChangingCriterion
https://osf.io/aqh3r/
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The Acceptable Range and Professional Judgment

We integrated the pieces of evidence on experimental control with the work of McDougall et al.
(2006) and translated them into an objective definition of the acceptable range of behavior under
the different criterion levels. Using an acceptable range would be a step forward in overcoming

the insufficient reporting present when using visual analysis (Ledford et al., 2018) and it is well-

aligned with McDougall’s (2013) aim to make evaluating intervention efficacy easier.

Professional knowledge can be used when defining the values of the proportions p;and p; for
establishing the acceptable ranges and when choosing the criterion levels, prior to gathering the
data or after seeing the performance at the current criterion level. The use of a mastery criterion
is also possible. However, the determination of sub-phase length on the basis of when the
mastery criterion is achieved and the determination of the next criterion level on the basis of the
performance observed at the current criterion level may lead to interpreting any data pattern as
showing experimental control. Similarly, Hwang, Levin, and Johnson (2018) claim that the
moment of introduction of the intervention should be determined, either systematically or at

random, before the study, in order to reduce the possibility of introducing experimenter bias.
Reporting Minima

Our review of published CCD studies indicated a great variety in the way in which the results are
commented and presented, except for the almost universal graphical representation. Thus, some
systematization of reporting would be very useful. Several pieces of information need to be
provided in order to boost transparent reporting: (a) whether criterion levels and sub-phase
lengths for each criterion level were determined prior to obtaining the (intervention)

measurements or the moments of change in criterion level depended on the data meeting a
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certain pattern; (b) whether the effect is expected to be immediate or not and how immediacy
will be assessed; (c) whether data overlap across criterion levels is considered acceptable or not
and how it will be assessed, and (d) whether there is any criterion for assessing data stability vs.
variability. In terms of the assessment of intervention effectiveness, besides discussing the
presence of a functional relation and the magnitude of effect, any assessment of social validity
has to be reported as well (Horner et al., 2005), given that it is relevant for judging whether the

intervention is useful and feasible.

The Need for Experimental Control and Publication Bias

Experimental control has been deemed an indispensable basis for inferring a causal relation
between the intervention and the target behavior (Kratochwill et al., 2010). However, Shadish,
Zelinsky, Vevea and Kratochwill (2016) state that single-case designs “should not require a
functional relation any more than a randomized experiment should be required to have a large
effect size” (p. 668). Thus, in order to avoid misrepresentation of the evidence due to selective
submission or acceptance for publication only oif studies demonstrating experimental control, we
concur with Tincani and Travers (2018) that all available findings stemming from studies
meeting design standards is valuable. In that sense, good practice CCDs (as per Klein et al.,

2017) should be sufficient for reporting and publishing the study, regardless of its results.

Limitations and Future Research

The proposed objective rule cannot be used as the sole indicator of experimental control, as the
design and procedural features allowing for controlling confounding variables are essential. One
line of future research is related to the requirement for varying sub-phase lengths for the different

criterion levels (Ledford & Gast, 2014). One option is to use randomization. For instance, in a
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CCD with four criterion levels, the sub-phase lengths could be selected at random from a series
of possibilities 3-4-5-6, 3-4-6-5, 3-5-4-6, ..., up to 6-5-4-3. There would be 4! =4 X 3 X 2 X

1 = 24 possible sets of sub-phase lengths and one of them will be selected. Afterwards, a
randomization test (Edgington & Onghena, 2007) could be used on the basis of the
randomization performed. The specific test statistic to be used can be the PCD, which would be
more in-line with the CCD logic than a mean difference between adjacent conditions. A

simulation study can be performed to study the Type | error rates and the statistical power.

A second line for future discussion refers to the need for baseline stability understood by
Hartmann and Hall (1976) as zero slope or changing in a counter-therapeutic direction. However,
fitting a trend line to a short baseline may not be reliable. Other to-be-discussed options include:
(a) the two-standard-deviations band rule (Pfadt & Wheeler, 1995) based on an assumption of
normality; (b) the stability envelope (Gast & Spriggs, 2014: 80% of the data falling within the
median plus/minus 25% of it); (c) Buisson and Murdock’s (1995) rule that each baseline
measurement should not vary more than 50% from the baseline mean; and (d) the Easterbrooks
and Stoner’s (2006) example of requiring at least ten observation points if stability is not
reached, considering that such baseline lengths are present in only 15% of the published CCD
studies, according to our review. In absence of a statistically sound definition of stability,
incorporating a measure of baseline variability in the definition of the acceptable range for the

first criterion level (as proposed here) seems to be a justified approach.

Finally, another relevant line of research refers to the meta-analytical integration of the results
of studies using different single-case designs. We envision several options for quantitative
integration. One option is to count, for each study, whether there is strong evidence (100% PCD

as applied to the acceptable ranges) or moderate evidence for a functional relation. The same
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assessment could be performed for other single-case designs, for instance requiring a ratio of at
least 3:1 comparisons with effect per each comparison without effect (Maggin et al., 2013).
Afterwards, a vote-counting procedure can be used to integrate the results of several studies
(Bushman & Wang, 2009) or the amount of evidence available can be compared to the 5-3-20
rule (Kratochwill et al., 2013). A second option could be based on mean difference, avoiding the
need for dichotomizing the results (strong evidence or not). In a CCD, it is possible to compare
the baseline condition to the last intervention sub-phase (Faith, Allison, & Gorman, 1996; e.g.,
Noles, Epstein, & Jones, 1976) to compare pairs of adjacent phases (Shadish et al., 2013; e.g.,
Nicol & Hantula, 2001) and average these values for the whole CCD. A standardized mean
difference can be computed for other single-case designs as well (Odom, Barton, Reichow,
Swaminathan, & Pustejovsky, 2018). We consider that counting the studies with evidence and
quantifying the magnitude of effect can complement each other. These two strategies for
quantitative integration should not be considered as alternatives, because the magnitude of
difference between criterion levels or between sub-phase means of measurements does not
inform about whether the observed data pattern matched the criterion levels. A third option for
quantitative integration is to combine NAP values, which quantify overlap2. An average NAP
can be computed from the NAP values of adjacent (sub)phases and, afterwards, a weighted
average across studies can be obtained, for instance, weighting by the number of participants in a

study (e.g., Burns, Zaslofsky, Kanive, & Parker, 2012).

2 Wolery, Busick, Reichow, and Barton (2010) state that overlap measures do not quantify magnitude of effect.
Carter (2013) disagrees, although he does recognize that a ceiling effect when complete nonoverlap is achieved
may hinder distinguishing between different sizes of effect. The interested readers may consult Kelley and
Preacher (2012) for a thorough discussion of effect size and decide for themselves.
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Table 1

Mastery criteria used in the published studies reviewed

Absolute
Mastery criterion frequency Percentage
No mastery criterion explicitly used 39 30.47
1 session 13 10.16
2 consecutive sessions 14 10.94
3 consecutive sessions 37 28.91
4 or more consecutive sessions 10 7.81
2 out of 3 consecutive sessions 4 3.13
3 out of 4 consecutive sessions 1 0.78
2 non-consecutive sessions 2 1.56
3 non-consecutive sessions 2 1.56
4 or more non-consecutive sessions 2 1.56
unspecified or several 4 3.13
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Table 2

Data features on which the analysis (i.e., Results section) of the studies reviewed focus. The sum
of absolute frequencies is greater than 128 and the sum of percentages is greater than 100,

because most studies commented on more than one data feature.

Absolute Percentage

Data features frequency  of studies
level (incl. comparison to criterion level) 107 83.59
variability 50 39.06
trend 7 5.47
overlap 7 5.47
immediacy 24 18.75
consistency in replication within or across participants 36 28.13

mastery criterion (if met or time to meet) 29 22.66
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Figure 1. Example of defining acceptable ranges of behavior across criterion levels, using the
data by Todd, Reid, and Butler-Kisber (2010) on distance cycled, in number of circuits
completed per session, by participants called Lisa. The solid horizontal lines represent the
criterion levels, whereas the dotted horizontal lines around them represent the upper and lower

limits for several combinations of values of p1 and p2, for the two intervention sub-phases.
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Figure 2. Application of the range-bound definition by McDougall (2005) and the proposal for

defining acceptable ranges (the data are the same as for Figures 5 and 7).
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Appendix C: Figures representing data from the literature review

1/

Target behavior
3
|

| | | | |
0 2 10 12 20 25

Session
Figure Al. Data gathered by S. J. Allen and Kramer (1990) on the number of target behaviors
observed daily, during baseline (before the solid vertical line) and under two criterion levels
during the intervention phase. The solid horizontal lines in the intervention sub-phases represent

the criterion levels.
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Figure A2. Data gathered by Facon, Sahiri and Reviére (2008) on speech loudness measured in
decibels, during baseline (before the solid vertical line) and under eight criterion levels during
the intervention phase. The Y-axis is the original one used by Facon et al. (2008). The solid
horizontal lines in the intervention sub-phases represent the criterion levels. The dotted
horizontal lines represent acceptable ranges: upper panel - based on the criterion plus/minus
10%; lower panel — based on our proposal using values of p = 0.5, 0.3, 0.5, 0.5, 0.25, 0.5, 0.5,

and 0.5 (chosen by trial and error to produce nonoverlapping ranges similar in absolute spread).
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Figure A3. Data gathered by Marcus, Sinnott Bradley, and Grey (2010) on the percentage of toe-
walking across ten minutes per day by a participant called Damien, during baseline (before the
solid vertical line) and under five criterion levels during the intervention phase. The mastery

criterion was two consecutive days with zero target behavior.
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Figure A4. Data gathered by Shaw and Simms (2009) on the frequency of disruptive episodes by
a participant called Andrew, during baseline (before the solid vertical line) and under five
criterion levels during the intervention phase. The solid horizontal lines in the intervention sub-

phases represent the criterion levels.
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Figure A5. Data gathered by Todd, Reid, and Butler-Kisber (2010) on distance cycled, in
number of circuits completed per session, by participants called Lisa (upper panel) and Daniel
(lower panel), during baseline (before the solid vertical line) and under two criterion levels
during the intervention phase. The solid horizontal lines in the intervention sub-phases represent
the criterion levels. The discontinuities in the within-phase lines are represent missed sessions in

between.
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Figure A6. Data gathered by Schleien, Wehman, and Kiernan (1981) on the number of steps
performed independently by a participant called Roselyn, during baseline (before the solid
vertical line) and under six criterion levels during the intervention phase. The mastery criterion

was two consecutive completions of the seven steps.
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Appendix D: Web-Based Application

1. Organize the data files, as shown in the example below.

Empty data file: use to define the acceptable  Actual data file: use to obtain the result
ranges after gathering the baseline data, but

before gathering the intervention phase data.

The data for the intervention sub-phase are

made up and set to some relatively large value

score  phase score  phase
2.00 A 2.88 i
1.58 A 1.58 A
2.88 A 2.688 A
4.88 i 4.88 A
13.8e8 Bl 4,88 B1
13.88 Bl 3.58 Bl
13.88 Bl 3.680 B1
13.88 Bl b.88 B1
13.8e8 Bl 8.080 B1
13.88 Bl 9.680 Bl
13.88 Bl 9.80 B1
13.88 Bl 4.88 B1
13.8e8 Bl le.ee Bl
13.88 Bl 7.88 Bl
13.88 Bl /.88 B1
13.88 B2 7.88 B2
13.8e@ B2 8.088 B2
13.88 B2 11.8@ B2
13.88 B2 5.80 B2

13.88 B2 13.e8 B2
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2. Enter the relevant data, as shown in the screenshots of the Shinny web-based application

from https://manolov.shinyapps.io/ChangingCriterion.

Load the main data file

Browse.__. Todd Daniel b

Upload complete

Separator for the main data file
() Comma

® Tab

O Space

Specify the aim of the intervention
® increase
() reduce
NMumber of subphases

2
Intervention Subphase lengths
(separated by commas)

11,9
Criterion levels (separated by
commas)

72594
Values of p for acceptable range
(separated by commas)

0.505

The following information is entered representing the participant Daniel from Todd et al. (2010):

(a) number of subphases: 2; (b) intervention subphase lengths: 11,9; (c) criterion levels: 7.25,9.4;

(d) example initial values of p: 0.5,0.5.


https://manolov.shinyapps.io/ChangingCriterion
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3. Adjust the values of p, by trial and error to obtain acceptable ranges, which are
reasonable, according to the criterion of the researcher. Using the initial values:0.5 and

0.5, the following ranges are obtained:
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For the current example, we chose p: 0.4 and 0.8
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Tarpget behavior

4.

12

10

Obtain the results with the actual data: Graphical representation

Session

Obtain the results with the actual data: Numerical summary

Nonoverlap of all pairs
Comparing Bl and B2 . NAP= 0.7&

ACCEPTABLE RANGE: Percentage conforming data
Frequency conforming data per criterion level:
For criterion lewvel 1 : 3 wvalues

For criteriomn lewel 2 : 3 walues

Percentage conforming data per criterion level:
For criteriom lewel 1 : 27.2T7 %

-

For criterion lewvel 2 : 33.33 %
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