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Abstract

The current text deals with the assessment of consistency of data features from
experimentally similar phases and consistency of effects in single-case experimental
designs. Although consistency is frequently mentioned as a critical feature, few
quantifications have been proposed so far: namely, under the acronyms CONDAP
(consistency of data patterns in similar phases) and CONEFF (consistency of effects).
Whereas CONDAP allows assessing the consistency of data patterns, the proposals made
here focus on the consistency of data features such as level, trend, and variability, as
represented by summary measures (mean, ordinary least squares slope, and standard
deviation, respectively). The assessment of consistency of effect is also made in terms of
these three data features, while also including the study of the consistency of an immediate
effect (if expected). The summary measures are represented as points on a modified Brinley
plot and their similarity is assessed via quantifications of distance. Both absolute and
relative measures of consistency are proposed: the former expressed in the same
measurement units as the outcome variable and the latter as a percentage. Illustrations with
real data sets (multiple baseline, ABAB, and alternating treatments designs) show the wide
applicability of the proposals. We developed a user-friendly website to offer both the

graphical representations and the quantifications.

Keywords: Single-Case Experimental Design; Visual Displays; Quantitative Methods;

Statistical Analysis; Experimental Replication; Research Quality
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Assessing Consistency in Single-Case Data Features Using Modified Brinley Plots

Single-case experimental designs (SCEDs) enable the intensive study of one or few entities,
measured repeatedly in different conditions actively manipulated by the researcher (Barlow
et al., 2009; Kennedy, 2005). One of these conditions is usually a baseline, representing the
usual state of affairs, whereas in the other condition an intervention takes place. In order to
provide solid evidence about the impact of the intervention, it is necessary to replicate the
basic effect (i.e., single A-B comparison favoring the intervention), within the same
individual as in an ABAB design or across individuals as in a multiple-baseline design
(Horner et al., 2005; Maggin et al., 2014; Sidman, 1960). In consequence, most of the
SCED studies include several participants (Shadish & Sullivan, 2011) or reversals and there
have already been specific analytical proposals for dealing with SCED studies with inter-

subject replication (Ferron et al., 2009; Shadish et al., 2014).

When trying to replicate, it is crucial that the results obtained are consistent or reliable
in order to be able to attribute the effect to the experimental manipulations (Ledford et al.,
2019; Lobo et al., 2017; Maggin et al., 2018). Specifically, the consistency of effects has
been deemed “critical” (Ledford et al., 2019, p. 36), as “consistency and replication are
essential characteristics for a functional relation determination — large differences in level
are not” (Lane, Ledford, & Gast, 2017, p. 7102300010p6). Moreover, according to Kazdin
(2019), consistency is at the heart of what is being visually analyzed, as “visual inspection
refers to reaching a judgment about the reliability or consistency of intervention effects” (p.
12). Actually, the consistency of effects is also an assumption when using a statistical
procedure such as the between-case standardized mean difference (Shadish et al., 2014).

Once the importance of consistency is made explicit, it is necessary to define it
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conceptually and operatively. Hagopian (2020) uses the term reliability to refer to the
reproducibility of an effect in the same context, whereas the term consistency is used in the
What Works Clearinghouse standards (Kratochwill et al., 2010). In the standards, two kinds
of consistency of replications are discussed: similarity between the data patterns belonging
to experimentally similar phases or conditions! and similarity between the effects observed
when comparing across phases or conditions. The assessment of consistency has been
restricted to “an overall gestalt analysis” (Geist & Hitchcock, 2014, p. 304). On the one
hand, the conceptual definitions can be tautological: “consistency of data patterns across
similar patterns involves looking at data from all phases of the same condition [...] and
examining the consistency of the data” (Kratochwill et al., 2010, p. 19). Regarding
approximations to an operative definition, Maggin et al. (2013) suggest that the ratio of
effects to no-effects, in the within-study replications (or attempts to demonstrate an effect),
should be at least 3:1, in order to constitute evidence for an intervention effect. It could be
argued that in case such a ratio is accomplished, the within-study intervention effect would
be consistent enough. The question still remains how an effect is objectively demonstrated
in each of the A-B comparisons, especially considering that five data features are inspected
to assess the presence of an effect: differences in level, slope, and variability, immediacy,

overlap (Kratochwill et al., 2010; Ledford et al., 2019; Maggin et al., 2018).

The main aim of the current text is to propose novel quantifications of consistency in
similar conditions and the consistency of effects. First, existing quantifications are

reviewed. Second, an emphasis is put on the difference between these existing

L We use “phases” when referring to designs such as withdrawal/reversal and multiple-baseline and
“conditions” (as a more general term), especially necessary when dealing with alternating treatments
designs in which there are no phases.
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quantifications and the current proposal. Third, given that the quantifications proposed are
closely related to (and easily represented on) a specific graphical representation called “the
modified Brinley plot” (Blampied, 2017), we present the main features of this plot. Later in
the text, we present examples of the application of the proposals. The examples are used as
an initial step toward the subsequent explanations regarding to the why the present
proposals have added value to existing options for assessing consistency in SCED studies.
Finally, we present the quantifications formally, before deriving implications for applied

researchers.

Existing Options for Quantifying Consistency

A proper operative definition of the two types of consistency is due to Tanious et al. (2020).
These authors focus on ABAB designs, making two main proposals. First, they propose a
quantification for the consistency of data patterns for measurements taken in
experimentally similar conditions (called CONDAP). CONDAP computes the sum of the
absolute differences between data points occurring at paired moments in time (e.g., the first
A data point is compared to the first A2 data point). Tanious, De, et al. (2019) performed a
field test and offered tentative guidelines for interpreting whether the CONDAP values
suggest very high / high / medium / low / very low consistency. The application of
CONDAP has subsequently been extended to multiple-baseline and changing criterion
designs (Tanious, Manolov, et al., 2019). A different way of assessing consistency has been
proposed for alternation designs with randomized blocks, on the basis of the way in which
variability is partitioned in the analysis of variance (Manolov et al., 2020). Additionally,
Tanious et al. (2020) propose a quantification of the consistency of effects (changes in

level, trend, variability, overlap, immediacy) when comparing across adjacent conditions.
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This quantification is called CONEFF and entails computing five effect size measures: a
standardized mean difference, difference in ordinary least squares regression slopes, a
variance ratio, the Nonoverlap of all pairs (Parker & Vannest, 2009) and the immediate
treatment effect (Michiels & Onghena, 2019). Afterwards, the absolute difference between
these effect size measures as calculated for the A1-B1 and A2-B2 comparisons is computed.
CONDAP and CONEFF are applicable regardless of the length of the phases and regardless

of the measurement units of the target variable.
A New Approach to Quantifying Consistency

The assessment of consistency of data patterns from experimentally similar conditions is
made at the level of measurements (as in CONDAP), whereas the assessment of
consistency of effects is made at the level of summary measures, representing level, trend,
variability, immediacy, and overlap (as in CONEFF). In contrast, in the current text, we
propose a different approach to assessing consistency, in which both the consistency in
similar conditions and the consistency of effects is evaluated for summary measures?. To
make a distinction with the quantifications in CONDAP, we refer to consistency in data
features (as represented by the summary measures), rather than in data patterns. Therefore,
the quantification of consistency in similar phases is proposed as complementary to (and
not a substitute for) CONDAP. As an illustration of this distinction we refer to Plavnick
and Ferreri (2013) who discuss the importance of finding consistent levels and trends when

introducing and removing an intervention: the quantifications proposed here can be useful

2 Qverlap is not included in the current proposal because the modified Brinley plot and the consistency
quantifications presented here focus on distances, whereas overlap is an ordinal comparison (data points
are either overlapping or not overlapping). In addition, overlap is per definition a data aspect that is
assessed between experimentally different phases. As such, overlap cannot be considered for consistency of
experimentally similar conditions
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for that purpose. At the same time, these authors mention that the summary measures can
be similar but the underlying data patterns may be different: for assessing consistency in

this way, CONDAP will be useful.

The Modified Brinley Plot

A modified Brinley plot offers the possibility to summarize, in a single graph, the results
for several A-B comparisons, plotting the mean of the A phase against the mean of the
corresponding adjacent B phase for each comparison. As per Blampied (2017), the word
“modified” is used to indicate that means of individuals rather than groups are represented.
Such plots have been suggested also for medical N-of-1 trials (Mengersen et al., 2015).
Moreover, the Brinley plot is very similar to the L'Abbé plot (L'Abbé et al., 1987) for
representing the results of meta-analysis in which two groups (control and treatment) are
compared. The L'Abbé plot has been suggested as an exploratory tool (Sharp et al., 1996),
for assessing heterogeneity (Anzures-Cabrera & Higgins, 2010; Song, 1999), similar to the

use of the modified Brinley plot suggested here.

We will illustrate the modified Brinley plot with the data on context-sensitive
behavioral supports for young children with traumatic brain injury obtained by Feeney and
Ylvisaker (2003, 2006, 2008) in three separate studies. The aim of the studies was to reduce
the frequency of challenging behaviors. Each of these studies includes an ABAB design
with two participants. The time series line plots can be found in Appendix A, available at

https://osf.io/uyj7w/. The modified Brinley plot includes the baseline phase means on the

abscissa (X-axis) and the intervention phase means on the ordinate (Y-axis). In the plot
represented in Figure 1, there are 12 points, given that there is a total of six participants and

two points (i.e., two A-B comparisons) for each participant studied with an ABAB design.


https://osf.io/uyj7w/
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Just like Tanious et al. (2020), for an ABAB design, we propose to focus only on the two
comparisons that follow the AB order. Tanious et al. (2020) argue that the B1-A>
comparison is conceptually different, as the second baseline is preceded by an intervention,
whereas the first baseline is not. Similarly, Scruggs and Mastropieri (1998) advocate for
performing only the comparisons that follow the AB-sequence. It is also one of the
modeling options when conducting a multilevel analysis for replicated ABAB designs
(Shadish et al., 2013). Moreover, it is possible that, in case the intervention is effective, the
measurements in the second baseline do not reverse to the initial baseline level or at least
not immediately. Thus, we concur with Parker and Vannest (2012, p. 260), who state that
“at present it seems best to omit the reversal contrast (B1 vs. A2) from effect size

calculation.”

INSERT FIGURE 1 ABOUT HERE

The continuous diagonal line marks the lack of change between conditions. Given that
all 12 points are below this line, this entails that, for all 12 comparisons, the mean of the
intervention phases is lower than the mean of the preceding baseline phase. This can be
interpreted as the complete superiority of one condition over the other, in terms of mean
levels. The assessment of superiority is ordinal, in the same way as it is when assessing
overlap: for each comparison, it is evaluated whether the value of one condition is greater
than the other or not, but not how much greater. Beyond this ordinal superiority, the farther
away the points from the diagonal line, the larger the magnitude of the difference between

the mean levels of the conditions.

Additional information can be represented in the modified Brinley plot. Suppose that a

desired decrease is of five challenging behaviors on average. This is represented by the
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grey dashed diagonal line: almost all 12 points are below it, indicating that the desired
reduction is achieved. Furthermore, suppose that a cut-off point can be established and that
for the current example this cut-off point is 4 and is represented as a horizontal dotted line:
10 of the 12 intervention phase means are below this cut-off point. These two additional
lines illustrate the fact that the modified Brinley plot can be used to represent the proportion
of participants for whom a certain socially / practically desired outcome is achieved, as a
recommended way of summarizing the information obtained across cases (Hagopian,
2020). This is also well-aligned with some statistical approaches for contrasting hypothesis

for all participants, rather than on average (Klaassen, 2020).

Note that each individual is represented by a different color, which allows preserving
information about the nested structure of the data (i.e., which A-B comparisons belong to
the same individual). This is relevant, because it allows assessing visually both within-
subject consistency and between-subjects consistency. For the data represented in Figure 1,
there are two individuals (marked in violet and in orange) for whom the points are very
close to each other, suggesting consistency in level for similar phases and also consistency

of the intervention effect for each of these two participants.

Understanding Consistency in Data Features via Examples with Fictitious Data

The following three examples illustrate the concepts of consistency in data features in
similar conditions and consistency of effects. All three examples represent fictitious
multiple-baseline data: there is a replication of the comparison between an A phase and a B
phase across three cases. For simplicity, all phases include three data points, although we
are not recommending the use of such short phases and a real multiple-baseline design

requires a staggered introduction of the intervention across cases. The supposed aim of the
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intervention is the increase of the target behavior. The focal data feature is level. Thus,
when consistency in similar conditions is assessed, the means across replications of the
same phase (A or B) are compared. Additionally, when consistency of effect is assessed,
mean differences (obtained for each replication) are compared. The data are available at

https://osf.io/uyj7w/.

Example 1: Consistency in Condition A

The time series data for Example 1 (https://osf.io/lumytg/) are represented in Figure 2. It can

be seen that the mean in phase A is 6 for all three tiers, although for Case 1 there is an
increasing trend, for Case 2 there is an alternating pattern and for Case 3 the data are
perfectly stable. The consistency in level for phase A can be clearly seen from Figure 3
(upper left panel), representing the modified Brinley plot focusing on condition A. All three
baseline means are on the vertical line representing the overall mean for condition A, which
is equal to 6. Given that there is no horizontal distance between the dots, the consistency in
level for phase A is perfect, leading to quantifications (MAE and MAPE) equal to 0. It
should be noted that the modified Brinley plot and the quantifications focus on the mean
and not on the individual values or data patterns (as CONDAP does). In that sense, there is
perfect consistency in level, but not perfect consistency in the data patterns, as illustrated by

Figure 2.

In contrast, the consistency in condition B is not perfect, as the all phase B means (9
for Case 1, 5 for Case 2, and 8 for Case 3) are not equal to the overall phase B mean (7.33).
In the modified Brinley plot (upper right panel of Figure 3), there is a vertical distance
between the dots, as not all of them are on the horizontal line representing the overall phase

B mean. Given that there is perfect consistency for condition A and not perfect consistency


https://osf.io/uyj7w/
https://osf.io/umytg/
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for condition B, there is also not perfect consistency of effect. The modified Brinley plot
represented on the lower panel of Figure 3 shows that not all dots are on the dashed
diagonal line representing the overall mean difference. Specifically, the overall mean
difference is 1.33 (an increase in condition B), whereas the mean differences for each case
are 3, —1, and 2. Thus, for Case 2, there is a decrease and not an increase in the target

behavior.

In terms of the quantifications obtained it should be noted, for condition B, that the
MAE (distance between the phase B means for each case and the overall phase B mean) is
1.56. This represents 21.21% of the overall mean for condition B (7.33). When assessing
the consistency of effects, the MAE (distance between the mean differences for each case
and the overall mean difference) is also 1.56. However, this value represents 116.67% of

the overall mean difference (1.33), indicate that the effect is not consistent.

INSERT FIGURES 2 AND 3 ABOUT HERE

Example 2: Consistency in Condition B

The time series data for Example 2 (https://osf.io/n6ezm/) are represented on Figure 4. It

can be seen that the mean in phase B is 9 for all three tiers, although for Case 1 there is an
increasing trend, for Case 2 the data are perfectly stable, and for Case 3 there is an
alternating pattern. The consistency in level for phase B can be clearly seen from Figure 5
(upper right panel), representing the modified Brinley plot focusing on condition B. All
three intervention phase means are on the horizontal line representing the overall mean for

condition B, which is equal to 9. Given that there is no vertical distance between the dots,


https://osf.io/n6ezm/
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the consistency in level for phase B is perfect, leading to quantifications (MAE and MAPE)

equal to 0.

In contrast, the consistency in condition A is not perfect, as the all phase A means (6
for Case 1, 2 for Case 2, and 5 for Case 3) are not equal to the overall phase A mean (4.33).
In the modified Brinley plot (upper left panel of Figure 5), there is a horizontal distance
between the dots, as not all of them are on the vertical line representing the overall phase A
mean. Given that there is perfect consistency for condition B and not perfect consistency
for condition A, there is also not perfect consistency of effect. The modified Brinley plot
represented on the lower panel of Figure 5 shows that not all dots are on the dashed
diagonal line representing the overall mean difference. Specifically, the overall mean
difference is 4.67 (an increase in condition B), whereas the mean differences for each case
are 3, 7, and 4. Thus, for Case 2, the increase is much larger than for the remaining two

cases.

In terms of the quantifications obtained it should be noted, for condition A, that the
MAE (distance between the phase A means for each case and the overall phase A mean) is
1.56. This represents 35.90% of the overall mean for condition A (4.33). When assessing
the consistency of effects, the MAE (distance between the mean differences for each case
and the overall mean difference) is also 1.56. However, this value represents 33.33% of the
overall mean difference (4.67), indicate that the effect is more consistent than in Example

1.

INSERT FIGURES 4 AND 5 ABOUT HERE

Example 3: Consistency of Effect



13
ASSESSING CONSISTENCY VIA MODIFIED BRINLEY PLOTS

The time series data for Example 3 (https://osf.io/qf2cb/) are represented on Figure 6. For

Case 1, there appears to be a general increasing trend throughout both conditions. For Case
2, the data are stable in both phases and the effect is clear. For Case 3, there is a decreasing
trend in phase A, followed by an increasing trend in phase B with another clear effect,

although in this case it combines change in level and in trend.

As shown in the upper panels of Figure 7, in this example, the mean level is not
perfectly consistent either for phase A (with MAPE equal to 35.90% as a result of an
overall phase A mean of 4.33 and phase A means of 6, 2, and 5 for Cases, 1, 2, and 3,
respectively) or for phase B (with MAPE equal to 21.21% as a result of an overall phase A
mean of 7.33 and phase A means of 9, 5, and 8 for Cases, 1, 2, and 3, respectively). In
contrast, the effect, understood as difference in means, is perfectly consistency for all three
cases: it is equal to 3 for all of them. In the modified Brinley plot from the lower panel of
Figure 7 shows that all dots are on the dashed diagonal line. Thus, the MAE and MAPE for

consistency of effect are both equal to 0.

The current example shows that the effect, measured as difference in level, can be
consistent even when the level is not consistent in either of the conditions. Furthermore,
Example 3 shows that the assessment of consistency cannot be performed solely on the
basis of a single data feature (e.g., level), represented on the modified Brinley plot and
related quantifications. It is necessary to explore the time series plot and also to take trend
and variability into account when deciding whether the effect is consistent across cases or

not.

INSERT FIGURES 6 AND 7 ABOUT HERE


https://osf.io/qf2cb/
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Real-Data Examples of Assessing Consistency

In the current section we present several examples of previously published data in order to
illustrate different degrees of consistency of data features in similar conditions and different

degrees of consistency of effects. The data can be accessed at https://osf.io/uyj7w/, whereas

the results are obtained using the websites presented with the first example.
An Example of Consistent Effects

Figure 8 represents the data gathered by Allen et al. (2015) on three behaviors (requesting
help, checking out, and ordering food) exhibited by a participant called Holly, diagnosed
with autism spectrum disorder and intellectual developmental disorder. Visually, there
appears to be a lack of clear trend in any phase and relatively consistent levels across
similar conditions and consistent change in level. The descriptive values (obtained from the

numerical output of https://manolov.shinyapps.io/Brinley) are available in Table 1.

INSERT FIGURE 8 ABOUT HERE

INSERT TABLE 1 ABOUT HERE

However, it is not easy to assess consistency by only looking at the time series plot
and the descriptive summaries provided. One option for summarizing the results of
multiple-baseline data is via the between-case standardized mean difference (Shadish et al.,

2014). Using https://jepusto.shinyapps.io/scdhlm/, the effect obtained is 4.38, 95%

confidence interval [—3.30, 5.46] and an intraclass correlation (proportion of variability
between cases out of the total variability) of 0, indicating that all of the variability is within
cases rather than across cases. Another option for summarizing the results of multiple-

baseline data is via a multilevel model (Ferron et al., 2009). Allowing for different trends in


https://osf.io/uyj7w/
https://manolov.shinyapps.io/Brinley
https://jepusto.shinyapps.io/scdhlm/
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the baseline and intervention phases and modelling all effects as random, it was obtained

using https://manolov.shinyapps.io/Several AB, based on the nlme package for R (Pinheiro

et al., 2020).The variability in the initial baseline level and trend is rather low, whereas the
immediate change in level is somewhat more variable across tiers (see Table 2 for the

specific numerical results).

INSERT TABLE 2 ABOUT HERE

Quantifying the consistency of data patterns across similar phases, CONDAP

(Tanious et al., 2020; computed via https://manolov.shinyapps.io/ CONDAP) for phase A is

1.10 and for phase B is 1.23 — both would be labelled medium consistency according to
Tanious, De, et al. (2019). Quantifying the consistency of effect as change in level via
CONEFF, the differences between the phase A and phase B means are 51.52 (A1-B1), 35.63

(A2-B2), and 36.90 (Asz-Bz) (obtained from the numerical output of

https://manolov.shinyapps.io/Brinley), leading to the following absolute differences in
effect: [51.52 — 35.63| =15.89, |51.52 — 36.9| =14.62, and |35.63 — 36.9| = 1.27 for an
average absolute difference between effects of 10.59, representing the average increase in

the percentage of appropriate behavior.

To further understand the degree to which the data features and the effect are
consistent, we can use the quantifications related to the modified Brinely plot. On this plot,
each point represents an A-B comparison, with the phase A summary value (e.g., the mean)
defining the location on the abscissa (X-axis) and the phase B summary value defining the
location on the ordinate (Y-axis). It is possible to add a (larger) single point, representing
the overall summary across A-B comparisons: its coordinates are defined by the overall

mean of the condition A means (on the abscissa) and the overall mean of the condition B


https://manolov.shinyapps.io/SeveralAB
https://manolov.shinyapps.io/CONDAP
https://manolov.shinyapps.io/Brinley
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means (on the ordinate). Visual aids are added to the same configuration of dots to
represent different aspects of consistency. The left panel of Figure 9 is used for assessing
consistency in condition A, by drawing a vertical line denoting the overall average for
condition A and marking the horizontal distance between the dots and this line. The right
panel of Figure 9 is used for assessing consistency in condition B, by drawing a horizontal
line denoting the overall average for condition B and marking the vertical distance between
the dots and this line. Figure 10 is used for assessing the consistency of effects, by drawing
a diagonal line denoting the overall effect across all A-B comparisons. This overall effect is
just the mean of all differences (e.g., in level) between adjacent conditions. For a multiple-
baseline design across three behaviors, the overall effect is the average of the three mean
differences. To assess consistency of effects, we focus on the vertical distance between the

dots for each A-B comparison and the dashed diagonal line representing the overall effect.

Figure 9 illustrates the consistency of mean level for both phase A and phase B —
the smaller colored dots are very close both horizontally (phase A) and vertically (phase B)
to the larger black dot representing the overall mean for each phase. For phase A, the mean
absolute difference between means across tiers is only 4.44, which is 13.22% of the overall
phase A mean (33.61). For phase B, the mean absolute difference between means across
tiers is only 2.34, which is 3.12% of the overall phase B mean (74.96). Figure 10 illustrate
the consistency of the mean difference between conditions: the mean absolute difference
between effects (mean differences) is 6.78, which is 16.40% of the overall mean difference
(41.35). Two of the dots are very close to the dashed diagonal line representing the overall

mean difference, whereas one dot (corresponding to Tier 1) is a little bit farther away.

INSERT FIGURES 9 AND 10 ABOUT HERE
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An Example of Inconsistent Effects

Figure 11 represents the data gathered by Laski et al. (1988) on verbalization in a free play
context by echolalic children. Visually, the phase A levels do not appear to be consistent,
whereas the phase B levels are somewhat more consistent. Consequently, the differences in
level across phases are not consistent. These visual impressions are backed by the
descriptive values presented in Table 1 and by the multilevel analysis results included in
Table 2. Specifically, according to the multilevel results, the variability in the immediate
change in level and in the change in slope of the trend lines is substantial. If only change in
level is modeled, disregarding trend, the between-case standardized mean difference
obtained is 1.76 (with a 95% confidence interval ranging from 1.05 to 2.47) and an
intraclass correlation of 0.26 suggesting more variability across cases (as a proportion of

the total variability) than for the previous data set.

INSERT FIGURE 11 ABOUT HERE

In terms of the quantifications of consistency, CONDAP yields 1.41 for phase A
and 1.15 for phase B, with both values labelled as medium consistency. CONEFF applied
to the change in level, calculated in the same way as for the previous example, leads to the
following differences between phases: 42.54, 24.95, 4.97, and 22.00, resulting in the
following absolute differences in effect: 17.59, 37.57, 20.54, 19.98, 2.95, and 17.03 for an
average absolute difference between effects of 19.28 representing the percentage of target
behavior. This average absolute difference between effects (i.e., lack of consistency of

effects) is twice as large as in the previous example.



18
ASSESSING CONSISTENCY VIA MODIFIED BRINLEY PLOTS

Providing further assessment of consistency, Figure 12 illustrates the greater
consistency of mean level for phase B — the smaller colored dots are closer to the line
vertically than horizontally. For phase A, the mean absolute difference between means
across tiers is 7.95 (almost twice as large as the one computed for the Allen et al., 2015,
data), which is 14.37% of the overall phase A mean (55.29). For phase B, the mean
absolute difference between means across tiers is only 3.84, which is 4.87% of the overall
phase B mean (78.91). Figure 13 illustrates the consistency of the mean difference between
conditions: the mean absolute difference between effects (mean differences) is 10.13,
which is 42.89% of the overall mean difference (23.62). Two of the dots are very close to
the dashed diagonal line representing the overall mean difference, whereas the two

remaining dots (corresponding to Tiers 1 and 3) are farther away.

INSERT FIGURES 12 AND 13 ABOUT HERE

An Example of Inconsistent Mean Level for Condition A

Figure 14 represents the data gathered by Laski et al. (1988) on verbalization in a free play
context by nonverbal children (which are different from the echolalic children whose data
was represented on Figure 11). Visually, the phase A levels do not appear to be consistent
(given that for two tiers the level is exactly 0, whereas for two other tiers the mean level is
greater than 30). The phase B levels appear to be somewhat more consistent (ranging
between 47 and 60), although for Tier 2 the level is higher (78.62, as per Table 1). The
differences in level seem to be relatively consistent across tiers, but a formal assessment
would be necessary. According to the multilevel results presented in Table 2, there is
substantial variability in the initial baseline level and also to a lesser extent in the baseline

trend. Regarding the effect of the intervention, there is small variability in the immediate



19
ASSESSING CONSISTENCY VIA MODIFIED BRINLEY PLOTS

effect and large variability in the change in slope. If only change in level is modeled,
disregarding trend, the between-case standardized mean difference obtained is 2.13, 95%
confidence interval [1.04, 3.22] and an intraclass correlation of 0.50 suggesting more
variability across cases (as a proportion of the total variability) than for the previous two

data sets.

INSERT FIGURE 14 ABOUT HERE

In terms of the quantifications of consistency, CONDAP yields 2.46 for phase A
(very low consistency) and 1.46 for phase B (medium consistency). CONEFF applied to the
change in level leads to the following differences between phases: 29.04, 44.01, 49.41,
47.76, and 39.31, leading to the following absolute differences in effect: 14.97, 20.37,
18.72, 10.27, 5.40, 3.75, 4.70, 1.65, 10.10, and 8.45 for an average absolute difference
between effects of 9.84 representing the percentage of target behavior. In general,
comparing CONEFF across studies, when calculated based on the raw mean, is reasonable
only when the measurement units are the same. Given that both the Allen et al. (2015) data
(Figure 8) and the two data sets from Laski et al. (1988) represented on Figures 11 and 14,
use percentages, such a comparison is justified. For the Laski et al. data on nonverbal

children, the effect is slightly more consistent than for the Allen et al. data.

Providing further assessment of consistency, Figure 15 illustrates (via larger
horizontal and vertical distances between the dots) the smaller consistency of mean levels
for similar phases, as compared to the previous data sets. For phase A, the mean absolute
difference between means across tiers is 13.69 (more than three times as large as the one
computed for the Allen et al., 2015, data), which is 80.00% of the overall phase A mean

(17.11). For phase B, the mean absolute difference between means across tiers is only 8.46
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(twice as large as the one computed for the Allen et al., 2015, data), which is 14.14% of the
overall phase B mean (59.01). Figure 16 illustrates that the consistency of the mean
difference between conditions is similar to the one for the Allen et al. (2015) and larger
than the one observed for the echolalic children. The mean absolute difference between
effects (mean differences) is 6.19, which is 14.76% of the overall mean difference (41.90).
Four of the dots are relatively close to the dashed diagonal line representing the overall

mean difference, whereas one dot (corresponding to Tier 1) is farther away.

INSERT FIGURES 15 AND 16 ABOUT HERE

The Need for the Modified Brinley Plot and Related Quantifications for Assessing

Consistency

The Graphical Representations Allow for an Efficient Representation of the Data

Features and the Quantifications

It is useful to summarize the information obtained when several participants take part in the
same study, making possible the comparison across individuals. Hagopian (2020)
advocates for tabular representations of the main features of the design and the outcome.
Another option is the visual summary that a modified Brinley plot can provide. The
summary measures (means, slopes of trend lines, standard deviations) are likely to be more
reliable when more measurements per phase are available, which is also well-aligned with
the requirements of having multiple measurements per phase (e.g., at least five, Ganz &

Ayres, 2018).

It can be argued that it is cognitively challenging to interpret all visual information

represented in the traditional time series line graphs, especially if consistency is to be



21
ASSESSING CONSISTENCY VIA MODIFIED BRINLEY PLOTS

assessed. In fact, to the best of our knowledge, there is no specific proposal for the
graphical depiction of consistency applicable to all kinds of SCEDs?. If time series graphs
are to be used for visually assessing consistency, it is first necessary to distinguish
consistency in similar phases or conditions from consistency of effects. Second, the visual
assessment of consistency requires inspecting and keeping in the working memory several
graphical representations at a time. Moreover, this visual assessment is also not easily
translated into a clearly communicable outcome. Quantifications (such as CONDAP,
CONEFF, and the proposals made here) can make this task easier, but can also be easier
interpreted and understood in combination with a specific graphical representation. This is
achieved via the modified Brinley plot: several A-B comparisons for several participants
can be represented on the same plot, with vertical and horizontal distances representing the
degree of lack of consistency. These distances are the basis of the quantifications proposed

and thus the quantifications and the graphical representations are intimately related.

In terms of efficiency in summarizing information about consistency in similar
conditions, CONDAP yields a single number after comparing data patterns, whereas the
proposals made (MAESIM and MAPESIM) here provide one quantification for each data
feature: level, trend, and variability. Regarding the consistency of effects, the
quantifications underlying CONEFF have not yet been made completely automatic,
whereas the proposals made here (MAEDIFF and MAPEDIFF) are implemented in
software providing automatically the quantification and a graphical representation of how

close each effect is to the overall effect.

3 See Manolov et al. (2020) for a proposal applicable to alternating treatment designs with block
randomization.
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The Proposals Are Intended to Complement Not Substitute

Visual Representations

As illustrated by the previous examples, the modified Brinley plot is to be used together
with the common time series line plot. Inspecting the sequence of all data points is
necessary for a better understanding of the process studied (Fahmie & Hanley, 2008).
Moreover, it is important not to discard detailed information about each measurement
obtained for each participant, as it is expected to be provided in a tabular or a graphical
form (Tate et al., 2016). Apart from containing raw data, the time series line graph is
especially necessary for visually assessing the degree to which the mean or the trend line is
a reasonable representation of the data within a phase, as there may be excessive variability
or outlying data points, both of which can affect the meaningfulness of summary measures

such as the mean and the slope of the trend line.

In relation to multilevel models, it is possible to represent graphically the level-2
model fitted to the data and can be represented alongside level-1 trend lines to visually
inspect the degree to which the averages represent the individual data (Declercq et al.,
2020). Nonetheless, beyond a visual impression, this graphical representation is more
difficult to link directly to a quantification of consistency across participants. The modified
Brinely plot and the related quantifications provide this direct link, given that what is

quantified are the distances between the dots (e.g., means) in the plot.

Data Analysis

The proposals focus on the assessment of consistency and, thus, they are not intended to

provide effect size estimates or to substitute data analytical techniques with a more general
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purpose. The illustrations provided show how the quantifications of consistency can be
used jointly with other techniques for SCED data analysis (e.g., between-case standardized
mean difference, multilevel models?, or any quantification of effect size, among the
multiple options available (e.g., Busse et al., 2015; Manolov & Moeyaert, 2017) and for the
assessment of consistency (i.e., CONDAP and CONEFF). The convergence of conclusions
of different techniques is useful for increasing the confidence in these conclusions (Lobo et

al., 2017).
Quantifications of Variability across Cases in the Context of Data Analysis Techniques

When discussing the need for a novel proposals for assessing consistency, we could look
for quantifications of the variability across cases that are part of a SCED data analytical
procedures applicable to multiple-baseline designs and to replicated withdrawal/reversal
designs. Such a quantification is the intraclass correlation, which is provided in the output
of the between-case standardized mean difference. Specifically, it is used in the small-
sample correction and for estimating the variance of the effect size (Shadish et al., 2014).
However, the intraclass correlation is not a pure quantification of (lack of) consistency in
similar phases, or of consistency of effects. This is so because the intraclass correlation can
be equal to zero even when the mean differences are not exactly the same for all
participants and/or the means in each phase are not exactly the same for all participants (as
in the example provided with the data by Allen et al., 2015). Moreover, the intraclass

correlation increases in two different scenarios: (a) when there is a difference across cases

4 The between-case standardized mean difference and multilevel models can be understood as mainly
focussing on level as a data feature (Chen et al., 2015), whereas the current proposal focuses on
consistency, using the taxonomy of data features provided by Kratochwill et al. (2010).
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in terms of the level change between adjacent phases and (b) when the mean level within

each phase is different across cases, even when the level change is the same.

In relation to multilevel models, this analytical option provides both a quantification
of the average effect across cases and a quantification of the variability across cases. This
quantification of variability can be expressed as a standard deviation in the initial baseline
level, in baseline trend and in the immediate difference in level or the difference in slope. It
should be noted that, unless the baseline trend is zero, the initial baseline level (i.e., the
value at the beginning at the baseline) is not the same as the mean baseline level. The latter
is the data aspect assessed in the current proposal; it can be obtained from a multilevel
model not including trend. Similarly, the immediate effect of the intervention is not the
same as the difference between the means of the two phases, which is what is assessed in
the current proposal and also requires a multilevel model not including trend. Moreover,
there is not a direct quantification of the consistency of the data features in phase B. An
additional issue related to the random effects or variance estimates provided by multilevel
models is that they are biased (Baek et al., 2020; Ferron et al., 2009; Moeyaert et al., 2017,
negatively bias in the case of using maximum likelihood estimation) and thus are likely to

be inappropriate as quantifications of the degree of inconsistency across cases.

Another quantification from multilevel analysis that could be considered as
potentially useful for assessing consistency is the intraclass coefficient. In intercept-only
models (also referred to as null, unconditional or empty model, Ferron et al., 2008, i.e., not
modelling trend or changes in relation to the different phases), the intraclass correlation can
be interpreted as the proportion of variance explained by the nesting structure, with

measurements nested into participants, or the correlation between measurements within
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participants (Hox, 2010). The intraclass correlation is not commonly computed, or used for
assessing consistency, once a full model is built (i.e., introducing a dummy variable
representing the phase and a time variable representing session number) for quantifying
differences across phases, because its calculation and interpretation is no longer
straightforward when predictors are include in the model (Goldstein et al., 2002). Instead,
the intraclass correlation it commonly apply to a null model (Merlo et al., 2006) and used
for deciding whether a multilevel model is necessary: the larger the intraclass correlation,
the more evidence that there are differences between cases, and thus the nesting structure of
the data needs to be taken into account (Gage & Lewis, 2014; Peugh, 2010). It can also be

useful for a priori power analysis (Shadish et al., 2013).

In summary, the proposals made here may be used together with the quantifications
of variability across cases that are part of data analytical procedures, because they do not

provide the same information.

Specific Quantifications of Consistency

In relation to the previous proposals for quantifying consistency, CONDAP (Tanious et al.,
2020) focuses on comparing the measurements themselves, not the means or other
summary measures (slopes or standard deviations). Thus, CONDAP is capable of assessing
the consistency of data patterns within similar phases, but it does not inform whether the
means are similar, whether the immediate effect is similar, whether the slopes are similar,
or whether the variability is similar. In contrast, the modified Brinley plot and the
MAPESIM focus on such summary measures representing these four data features.

Moreover, by performing the calculations on the summary measures, MAPESIM performs
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the assessment of consistency in similar phases at the same level as the assessment of

consistency of effects (which does not focus on data patterns).

In relation to visual inspection, the modified Brinley plot entails a more direct and
straightforward visual representation of the consistency in the mean level of phases
representing the same condition. Moreover, the calculations underlying MAPESIM are
potentially more straightforward than the CONDAP quantifications. However, the easier
visual inspection comes with the price of losing information about the data pattern and the

need to rely on summary measures which may be distorted by outliers.

Both CONEFF (Tanious et al., 2020) and MAPEDIFF can be used to compare changes
in level, in slope, and in variability. One difference is that for the change of variability as an
effect, CONEFF uses the variance ratio, whereas on a modified Brinley plot the difference
between standard deviations is represented and quantified. As a limitation, the modified
Brinley plot and MAPEDIFF are not applicable to assess consistency in nonoverlap, as it is
a single dimension (i.e., there is not one measure for phase/condition A and another
measure for phase/condition B). An advantage of MAPEDIFF over CONEFF is that the

latter is easily represented graphically on the modified Brinley plot.

In summary, the current proposals can be used together with CONDAP and
CONEFF, given that the information provided is not identical. In that sense, if both
approaches to the assessment of consistency agree, the researchers would be more

confident that there results can be (or cannot be) considered consistent.

The Proposals are Applicable to Different Single-Case Experimental Designs
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The initial example provided here is from multiple-baseline design studies. However, the
graphical representations and quantifications suggested here are also applicable to
withdrawal/reversal designs, with or without replication across participants. For an ABAB
design for a single participant, there would be two dots represented on the modified Brinley
plot: one for each A-B comparison. For an ABABAB across two participants, there wuld be
three dots for each of the participants, for a total of six dots in the modified Brinley plot.

See Appendix A (https://osf.io/uyj7w/) for an example of three studies (an original and two

replications) using withdrawal/reversal designs (Feeney & Ylvisaker, 2003, 2006, 2008).

For an alternating treatments design (ATD), it is also possible to use a modified Brinley
plot, although the application is somewhat different for the different kinds of ATDs (see
Onghena & Edgington, 2005, for a discussion). The most direct application is with
randomized block designs, also referred to as ATDs with block randomization (Ledford,
2018). This kind of ATD corresponds to the situation in which there is “random alternation
with no condition repeating until all have been conducted” Wolery et al., 2018, p. 304). In
an ATD with two conditions using block randomization, within each block there is one
measurement in condition A and one measurement in condition B. Comparisons of
treatment efficacy should thus be performed within blocks. This randomly determined
sequence is equivalent to the N-of-1 trials used in the health sciences (Nikles & Mitchell,
2015), where the several random-order AB blocks are called multiple crossovers. It is
possible (and in the health sciences common) to replicate the series across several
participants, each with its own randomly determined sequence. In the simplest case, in the
modified Brinley plot for a single participant, there would be one point for each block in

the sequence. Thus, there are no means involved. The only information lost, in comparison
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to a time series line graph is about the temporal sequence of the measurements. See

Appendix B (https://osf.io/uyj7w/) for an example with the data gathered by Lloyd et al.

(2018). Another common version is the ATD with restricted randomization or restricted
ATDs (Onghena & Edgington, 1994), with the usual requirement of no more than two
consecutive administrations of the same condition (Heyvaert & Onghena, 2014; Wolery et
al., 2018). With a restricted ATD, it is possible to obtain more sequences than with an ATD
with randomized blocks. For instance, a sequence such as AABBAABBAB can be
obtained. For such a sequence, the researcher would have to choose which comparisons to
represent on the modified Brinley plot: three comparisons (segmenting the sequence as
AABB-AABB-AB) or four comparisons (AAB-BA-ABB-AB). Therefore, for some
sequences there would be more than one modified Brinley representation of the same data.
The main issue with the use of the modified Brinley plot (and the quantifications of
consistency presented later) is that the unit of analysis presented on the plot is not clear. In
both reversal and multiple-baseline designs each point represents a summary measure of
two adjacent phases, whereas in an ATD with block randomization each point represents
the two measurements (representing two different conditions) in the same block. However,
in a restricted ATD the exact meaning of a segment is not clear. For that reason, we
consider that the modified Brinley plot (and the quantifications of consistency proposed in

the current text) are not easily applicable.

Regarding changing criterion designs, the assessment of effects is usually performed in
terms of whether the actual measurement correspond closely to the predefined criterion
levels (Ledford & Gast, 2014; McDougall et al., 2006). Therefore, we consider that the

modified Brinley plot would not be useful.


https://osf.io/uyj7w/

29
ASSESSING CONSISTENCY VIA MODIFIED BRINLEY PLOTS

The Proposals Are Applicable beyond the Focus on Overall Mean Levels

The points on the Brinley plot need not represent the means of all measurements in the
same phase in ABAB and multiple-baseline designs. In terms of level, the focus could be
put on the last three baseline data points and the first three intervention phase data points: in
this case, the modified Brinley plot would represent immediate effects, as defined in
Kratochwill et al. (2010) and Michiels and Onghena (2019). Whether immediacy is
expected (and thus relevant) or not depends on the type of intervention and target behavior
(Kratochwill et al., 2014). It is also possible to use only the last three data points in each
phase, as in the percentage change index (Hershberger et al., 1999; Olive & Smith, 2005).
Such use of later measurements aligns well with the idea to switch conditions (Kazdin,
1978) or to estimate level when stability is reached (Ferron et al., 2020) or when looking

for delayed effects (Levin et al., 2017).

Despite the fact that modified Brinley plots are typically based on using means
(Blampied, 2017), the points can represent summary measures of trend or variability.
Specifically, each point could also be defined by the slope of the baseline trend and the
slope of the intervention phase trend, using one of the alternatives for fitting trend lines to
single-case data (Manolov, 2018). If we aim for continuity with CONEFF (Tanious et al.,
2020), the slope can be estimated via ordinary least squares estimation. Otherwise, the
Theil-Sen method can be used (Vannest et al., 2012), because it is more resistant to outliers.
Similarly, each point could represent a measure of variability. As in CONEFF (Tanious et
al., 2020), the standard deviation can be used, although other measures are possible, such as
the median of the absolute deviations from the median (MAD). Using the Laski et al.

(1988) data, Appendix C presents the results of assessing visually and quantitatively
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consistency for trend, whereas Appendix D presents the same assessment for variability.

Both appendices can be accessed from https://osf.io/uyj7w/. Furthermore, the consistency

of the immediate effect can also be studied via the website developed

(https://manolov.shinyapps.io/Brinley).

In summary, the modified Brinley plot and the quantifications presented can be used to
assess consistency in similar phases (for ABAB designs and MBDs) in terms of overall
level, trend and variability and the consistency of effect understood as difference in slope or

in variability, apart from consistency in immediate or overall effect.

The Proposals are Applicable for Assessing Consistency within Cases and Consistency

across Cases

The graphical representations and the quantifications can be applied for studying the degree
of consistency of data features and the degree of consistency of effects for a single
participants (e.g., in a withdrawal/reversal design) or for several participants
simultaneously (e.g., in a multiple-baseline design). Specifically, for a study using a
multiple-baseline design across four participants (e.g., Ciullo et al., 2015), there will only
be an assessment of consistency across cases because each tier receives each treatment only
once. For a study using a multiple-baseline design that is both across four participants and
three contexts (e.g., Koegel et al., 1992), there can be an assessment of consistency (a)
across contexts, for each individual separately, (b) across individuals, for each context
separately, and (c) using all data simultaneously. According to the data included in the
input data file, the website created can represent graphically and quantify consistency, as
described previously, for each of these situations. Similarly, for an ABABAB design

replicated across three cases (e.g., Angell et al., 2011), there can be a visual and
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quantitative assessment of consistency using all the data or focusing on each case
separately. The same is the case for an alternation design, replicated across cases (e.g.,
Fletcher et al., 2010). If summary measures for several participants are represented on the
same modified Brinley plot, they can be marked with different colors, like in the examples

provided in Appendix A.

The Proposals Are Implemented in a User-Friendly Freely Available Website

The website developed implementing the proposals (https://manolov.shinyapps.io/Brinley)

requires a data file to be uploaded and several specifications to be chosen, simply by
clicking. These specifications include the aim of the intervention (to increase or reduce the
target behavior), the type of design (using phases as in a multiple-baseline or
reversal/withdrawal design or rapidly alternating conditions as in an ATD), and the data
feature to represent (level summarized via the mean, variability measured via the standard

deviation or trend estimating using ordinary least squares estimation).

The output of the software includes a time series graph and several modified
Brinley plots (for assessing the consistency in each condition and for assessing the
consistency of effect). Furthermore, descriptive statistics for each condition and the

quantifications of consistency are obtained in the “Quantifications” tab.

Finally, note that with the modified Brinley plot it is possible to assess visually the
clinical significance of the change, in case there is a substantive criterion available or
sufficient previous research to inform the specification of minimally important effect.
Specifically, it is possible to specify a critical value of improvement that is desired to be

achieved in condition B: such a value would be represented as a horizontal dotted line.
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Moreover, the user can represent the magnitude of meaningful change from baseline. This
meaningful change can be expressed in absolute terms (e.g., a decrease of 5 points) or in
relative terms (e.g., a decrease of 25% in comparison to the baseline level). The magnitude
of meaningful change is represented as a dashed diagonal line, which is parallel to the main
solid diagonal line indicating lack of effect for changes specified in absolute terms (e.g., a
difference of 5 behaviors). In case the magnitude of meaningful change is specified in
relative terms (e.g., a 25% reduction with respect to the baseline mean), the dashed
diagonal line would not be perfectly parallel to the main solid diagonal line — the former
would be closer to the latter for lower values of the baseline mean and farther away for

larger values.

The use of the website is described in several documents, linked in the website

itself: https://manolov.shinyapps.io/Brinley, in the last tab called “Tutorials”.

Formal Presentation of the Quantifications of Consistency

All quantifications presented here are actually quantifications of lack of consistency,
because larger values represent greater differences from the reference value (e.g., the
overall mean). In that sense, a value of 0, for the absolute measures, or 0%, for the relative

measures, would imply perfect consistency.
Assessment of Consistency of Data Features in Similar Phases or Conditions

Visually, focusing on the consistency of level of the A phases, the closer the points are
horizontally, the greater the consistency. Regarding the consistency of level of the B
phases, the closer the points are vertically, the greater the consistency. Therefore, it is

necessary to separately evaluate the two dimensions of the plot: the abscissa (X-axis) for
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the consistency of data features for the A condition and the ordinate (Y-axis) for the

consistency

For the assessment of consistency in similar conditions, a quantification can focus
on the difference with respect to the overall mean for a given condition. We refer to this
quantification as MAESIM: Mean Absolute Error for SIMilar phases or conditions. For
condition A, for which the relevant dimension is the X-axis (or horizontal distance), the
quantification would be

Zf:;[ Yie1l®acih—%ac!
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MAESIM = : (1)

where J is the number of individuals, I is the number A-B comparisons per individual,
X4(ijyis mean for condition A for the j-th individual and the i-th comparison, X, ,is the
mean for condition A across all individuals, and (I X J) is the total number of A-B
comparisons. For condition B, the relevant dimension is the Y-axis (or vertical distance)
and the formula can be expressed using the symbols g,y and ¥y, but the calculation is

otherwise exactly the same.

For instance, for an ABAB design replicated across three individuals, ] = 3 and I = 2,
whereas for a multiple-baseline design across four individuals ] = 4 and I = 1. For an
ATD with 6 blocks, replicated across two individuals, ] = 2 and I = 6. This quantification

Is equivalent to the average absolute deviation or to the mean absolute error.

MAESIM is expressed in raw units, that is, in the same measurement units as the
dependent variable. This can be useful for making the quantifications more easily

interpretable within each study. Nonetheless, raw units preclude comparisons of
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consistency across studies using different operative definitions or measurement units for the
same target behavior or outcome. To make the quantification relative, we propose
expressing the difference between each value and the mean for the condition to which this
value belongs as a percentage. This would entail using the Mean Absolute Percentage Error
for SIMilar conditions or phases (Hyndman & Koehler, 2006) instead of the mean absolute
error, leading to the MAPESIM quantification, here illustrated with the subscript A, for
condition A:

%1 Bheal®ach—Fac)|/Fac)

MAPESIM =
axn

x 100 (2)

Assessment of Consistency of Effects

Visually, in order to state that there is a consistent improvement, rather than a consistent
deterioration, the data points should be on the correct side of the diagonal line in the
modified Brinley plot (i.e., above it, if an increase is required and below it, if a reduction is
required). Additionally, the average change in level can be represented as a dashed diagonal
line, parallel to the line of no change. Note that if all the individual points are placed on the
dashed diagonal line representing the average effect, this would suggest perfect consistency
of effect. Nonetheless, this would not entail perfect consistency in similar phases, as long as
there is any horizontal or vertical distance between each individual point and the overall

average point.

The quantification of consistency of effect can focus on the difference with respect
to the overall A-B mean difference. For an ABAB design, this would entail calculating the
difference between the first A-phase and the first B-phase (e.g., in terms of level), then

executing the same calculation for the difference between the second A-phase and the
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second B-phase, and subsequently calculating the average of these two values. We refer to
this quantification as MAEDIFF: Mean Absolute Error for DIFFerences between phases or
conditions.

Z§=1 Z§=1|di1'_d-.|

MAEDIFF =
axJ

, 3)

where d;; is the difference between the A mean and the B mean for the ij-th comparison (or
the difference between the A measurement and the B measurement for the ij-th block in an
ATD with randomized blocks) and d_is the overall mean difference. The quantification is
equivalent to an average absolute deviation or a mean absolute error. To make MAEDIFF

relative, MAPEDIFF can be computed, following the logic of MAPESIM. Specifically:
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MAPEDIFF = x 100 (4)

Discussion

The current text aimed to develop a proposal for assessing consistency in data features in
similar phases and consistency of effects for SCEDs. The proposal was designed to
integrate the visual and quantitative information, so that the calculations performed
represent directly what is visible on the plot. The ease of understanding the quantifications
and ease of obtaining them via a freely available website is likely to make the more
attractive to applied researchers, who are still only rarely using sophisticated statistical
techniques (Jamshidi et al., 2017; Natesan, 2019; Radley et al., 2020). The use of the new
proposals was illustrated with published data sets and their applicability was demonstrated
alongside other data analytical techniques, and other quantifications of consistency were

discussed. It was shown that the new proposals add information beyond existing techniques
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and can be used together with other visual and quantitative SCED data analytical

approaches.

Implications for Applied Researchers

Joint Visual and Quantitative Assessment of Consistency

The modified Brinley plot of phase means (for ABAB designs and MBDs) or of
measurements within blocks (for ATDs with block randomization) can be used for visually
representing the summary measures of several participants and several A-B comparisons
per participant. The quantifications proposed are unambiguously represented on the
modified Brinley plots as vertical or horizontal distances. In that way, it is possible to use
visual analysis as a way of validating numerical results (Parker et al., 2006), even when
assessing consistency. Thus, the compact visual representation comes with an easily
communicable summary, such as MAESIM or MAEDIFF in absolute terms, and
MAPESIM and MAPEDIFF, in relative terms. Both the quantifications and the graphical
representations can be easily obtained via the website developed for that purpose:

https://manolov.shinyapps.io/Brinley/. Thus, the current proposals are an adequate

illustration of the frequently suggested joint use of visual and statistical analysis (Fisher et

al., 2003; Harrington & Velicer, 2015; Karazsia, 2018).

Assessing Consistency Within or Across Participants

Within the same study using the same operative definitions and measurement units for
the target behavior, consistency can be assessed jointly for all participants using either the
absolute or the relative measures. Moreover, these measures can also be used for comparing

between participants when using replicated ABAB designs or ATDs. Using the Feeney and
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Ylvisaker data (2003, 2006, 2008, Appendix A) we illustrated how the consistency
quantifications can be applied jointly to replication studies. Additionally, using the relative
measures, the consistency of the average effect can be compared across different single-

case studies assessing the same intervention.

Is Consistency Necessary or Sufficient?

It is desirable that data from similar conditions are consistent in level, trend, and
variability (Kratochwill et al., 2010). In that sense, this type of consistency is necessary. It
is not sufficient for demonstrating intervention effectiveness, because an assessment of
whether the effect is consistent (within a participant or across participants) is also
necessary. However, consistency of effects may not always be expected to take place. For
instance, in an MBD across behaviors, lack of consistency in the effect of the intervention
may stem from the behaviors not being sufficiently functionally similar and independent

(Tate & Perdices, 2019).

Even for an MBD across participants or an ABAB design, it has to be considered
whether it is reasonable to expect a consistent effect in terms of all these data features:
level, trend, and variability. Following the discussion by Kavelaars (2020), the decision rule
about superiority when there are multiple outcomes, it is necessary to establish the decision
rule when multiple data features are assessed. A requirement could be to observe a
consistent effect for (a) the most important data feature, (b) all data features, (c) any data
feature, ignoring the remaining ones, or (d) any data feature, in case its effect is large
enough to override any potential null or smaller negative effects for the remaining data
features. We consider that in case there are solid expectations regarding the type of effect of

the intervention, the focus could be put on the data feature that is considered to represent



38
ASSESSING CONSISTENCY VIA MODIFIED BRINLEY PLOTS

best this expected effect (just like choosing a test statistic according to the effect expected
when using a randomization test; Heyvaert & Onghena, 2014). Otherwise, option (d)

appears to be reasonable.

While consistency is crucial for increasing the confidence in the effectiveness of an
intervention, lack of consistency can also be informative. Specifically, in case the results
across participants are inconsistent, any difference in the features of the participants
themselves, in the target behavior or in the intervention can be used as moderators for
understanding better the situations in which the intervention can be expected to be most

beneficial (Ledford et al., 2016; Romeiser-Logan et al., 2017).

It should be noted that the consistency of data in similar phases and consistency of
effects, even when deemed to be present to a considerable degree, are not sufficient.
Specifically referring to the consistency of effects, the effect should be large enough to be
of practical importance (Horner et al., 2005; Kazdin, 1997), such as reaching the level of
the target behavior exhibited by a normative sample of individuals (Ferron et al., 2020).
This requirement brings us back to the possibility to represent, on the modified Brinley

plot, the desired level of the target behavior once the intervention is in place.

Even if an effect is deemed consistent, thanks to CONEFF and/or the quantifications
proposed here, it has to be kept in mind that these quantifications refer to the data actually
obtained, usually at the within-study level. Thus, these quantifications can be useful as
information for assessing the degree of internal validity in relation to the importance of
observing consistent effects for inferring causality (Romeiser-Logan et al., 2017) or
defining a successful replication (Leek & Jager, 2017). Still, it may not be directly obvious

how many replications are necessary (e.g., Cook et al., 2015, suggest at least 75% of
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correct replications), whether small consistent effects are sufficient, or whether a large
effect can be considered to make further replications unnecessary (Lanovaz et al., 2019). In
any case, the degree of generalization of findings to other participants beyond the ones
included in a given study (i.e., assessment of external validity) depends on logical
arguments in relation to the similarity, across studies, between participants, target

behaviors, and interventions.
Limitations and Future Research

The current text presents the rationale of the use of modified Brinley plots to assess
consistency of data features in similar conditions and also consistency of effects.
Quantifications in absolute and relative terms are also presented. For MBDs and ABAB
designs, both the graphical representations and the quantifications are based on summary
measures rather than on the individual measurements. In that sense, we consider that
researchers willing to assess the consistency of data patterns (rather than means or slopes)
for similar phases, should complement the current proposals with CONDAP (Tanious et al.,

2020).

The quantifications proposed are purely descriptive — they refer to the data actually
obtained. No sampling distribution has been derived for making possible the construction
of confidence intervals or statistical testing. Nevertheless, the reference or inference to a
population (via confidence intervals and p-values) may not be justified in absence of
random sampling and, therefore, any developments in terms of confidence intervals or
statistical significance need to stem from a design feature such as the presence of
randomization (Tanious, De, & Onghena, 2019). If randomization is present in the design,

then the quantifications presented here can be calculated for all possible randomizations,
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and the actually observed value can then be located in the randomization distribution to
obtain a p-value and/or confidence intervals (Michiels, Heyvaert, Meulders, & Onghena,

2017).

We have presented the graphical representations and quantifications via illustrations
with real data from different kinds of SCED. Nonetheless, the text does not present the
results of a broader application to simulated or real data. Specifically, a field test would be
necessary to provide interpretative benchmarks for the relative quantifications of
consistency (MAPESIM and MAPEDIFF), following the example of Tanious, De, et al.
(2019). Moreover, the shape of the distribution of MAPESIM can be compared to the one
obtained for CONDAP. It would be especially important to perform field tests separately
for the different design structures, because for ATDs with block randomization the points
represent individual measurements, rather than means and, for that reason, they can be
expected to be less consistent. In that sense, different interpretative benchmarks are likely

to be necessary for ATDs with block randomization.
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Table 1

Descriptive summary of several multiple-baseline data sets

56

Data Tier Phase A Phase B Phase A Phase B Phase A Phase B
Mean Mean SD SD Trend Trend

Allen Tier 1 26.94 78.46 7.92 9.83 2.03 0.07
Tier 2 36.43 72.06 10.58 9.74 2.68 0.75

Tier 3 37.46 74.36 12.07 11.58 1.24 0.67

Laski Tier 1 39.81 82.35 13.90 5.56 -3.24 -0.18
echolalic  Tier 2 58.21 83.16 5.17 5.36 0.82 0.97
Tier 3 68.28 73.25 8.10 11.53 2.28 1.23

Tier 4 54.88 76.88 15.03 6.20 -1.56 -0.34

Laski Tier 1 30.66 59.70 8.40 10.62 5.88 -0.55
nonverbal Tier 2 34.62 78.62 9.52 8.57 -0.43 -0.77
Tier 3 0.00 49.41 0.00 16.18 0.00 4.22

Tier 4 0.00 47.76 0.00 14.46 0.00 2.27

Tier 5 20.27 59.57 13.37 12.92 0.98 -3.02
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Table 2

Results of applying a two-level model to each data set

Data Tier Initial baseline Baseline Immediate ~ Change in
level trend change in level trend

Allen Average 29.02 0.76 31.72 -0.22
SD 1.60 0.38 14.28 0.00

Tier 1 27.32 0.35 47.00 -0.22

Tier 2 29.87 0.96 24.09 -0.22

Tier 3 29.88 0.96 24.08 -0.22

Laski Average 58.47 -0.71 25.29 0.89
echolalic SD 3.35 1.96 25.27 1.49
Tier 1 54.41 -3.03 55.21 2.65

Tier 2 59.40 -0.55 23.39 0.74

Tier 3 61.30 1.55 -4.05 -0.73

Tier 4 58.79 -0.81 26.61 0.91

Laski Average 15.39 0.37 38.69 0.22
nonverbal SD 15.15 0.25 2.93 2.27
Tier 1 23.24 0.52 39.67 -1.25

Tier 2 34.49 0.50 42.58 -2.01

Tier 3 1.07 0.15 36.45 3.57

Tier 4 0.50 0.20 35.99 2.27

Tier 5 17.65 0.45 38.74 -0.47

Note. Average corresponds to the fixed effect estimate. SD denotes the standard deviation
and corresponds to the random effect estimates. Tiers — empirical Bayes estimates for each
tier. Initial baseline level corresponds to the intercept.
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Figure 1

A modified Brinley plot for an ABAB design, replicated across six participants. Data
gathered by Feeney and Ylvisaker (2003, 2006, 2008). The points represent phase means.
The solid diagonal line represents equality between conditions: the points below it indicate
a reduction (here, an improvement) after the intervention. The dotted horizontal line
represents a supposed desired level of behavior after the intervention: the points below it

represent achieving this desired level.
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Figure 2

Fictitious data from Example 1
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Figure 3

For the data from Example 2. Upper left panel: the closer the dots horizontally the greater
the consistency in condition A. Upper right panel: the closer the dots vertically the greater
the consistency in mean level in condition B. Lower panel: the closer the dots to the dashed
diagonal line, the greater the consistency of effect (difference in means).
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Figure 4

Fictitious data from Example 2
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Figure 5

For the data from Example 2. Upper left panel: the closer the dots horizontally the greater
the consistency in condition A. Upper right panel: the closer the dots vertically the greater
the consistency in mean level in condition B. Lower panel: the closer the dots to the dashed
diagonal line, the greater the consistency of effect (difference in means).
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Figure 6

Fictitious data from Example 3
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Figure 7

For the data from Example 3. Upper left panel: the closer the dots horizontally the greater
the consistency in condition A. Upper right panel: the closer the dots vertically the greater
the consistency in mean level in condition B. Lower panel: the closer the dots to the dashed
diagonal line, the greater the consistency of effect (difference in means).
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Figure 8

Data on the percentage of correct responding per session by a participant called Holly,
diagnosed with Autism Spectrum Disorder and Intellectual Developmental Disorder. The
tiers correspond to three behaviors: requesting help, checking out, and ordering food. Data
gathered by Allen et al. (2015). The output is from the

https://manolov.shinyapps.io/Brinley/ website. The red horizontal line represents the

within-phase mean, which is the basis of the Brinley plot.
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Figure 9

Consistency of level in similar phases, for the Allen et al. (2015) data. The vertical dashed
line on the left panel represents the overall mean for condition A: the closer the points
horizontally the greater the consistency in this condition. The horizontal dashed line on the
right panel represents the overall mean for condition B: the closer the points vertically the

greater the consistency in this condition
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Figure 10

Consistency of effect, for the Allen et al. (2015) data. The diagonal dashed line represents
the average difference between conditions A and B. The closer the points vertically to this

dashed diagonal line, the greater the consistency of effect (mean difference).
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Figure 11

Data on the verbalizations by children with echolalia in free play context, as gathered by

Laski et al. (1988). The output is from the https://manolov.shinyapps.io/Brinley/ website.

The red horizontal line represents the within-phase mean, which is the basis of the Brinley

plot.

= 4
2 | /_‘_‘_‘——0-._._ - )
E 4
a _ o—’/-a\\\ /\
3 -
A 1 N
-0 T T T
5 10 15
Carmer 1. Sessions
2 J
= | e S
2 - e
& _
7 -
a4
- T T T T T T T
2 & a 10 12 1
Carme 2 . Sessions
=
= m _J/_)-___i\ L
2 4 T’,‘\w/
&
3 -
=
-0 T T T
5 10 15
Caroe 3. Sew
2
2 @—'—'_'_R-.\\ . A=
3 /G\\ M /\

\.
a M 4
1 1
]


https://manolov.shinyapps.io/Brinley/

70
ASSESSING CONSISTENCY VIA MODIFIED BRINLEY PLOTS

Figure 12

Consistency of level in similar phases, for the Laski et al. (1988) data for the echolalic
children. The vertical dashed line on the left panel represents the overall mean for
condition A: the closer the points horizontally the greater the consistency in this condition.
The horizontal dashed line on the right panel represents the overall mean for condition B:

the closer the points vertically the greater the consistency in this condition.
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Figure 13

Consistency of effect, for the Laski et al. (1988) data for echolalic children. The diagonal
dashed line represents the average difference between conditions A and B. The closer the
points vertically to this dashed diagonal line, the greater the consistency of effect (mean

difference).
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Figure 14

Data on the verbalizations by nonverbal children in free play context, as gathered by Laski

et al. (1988). The output is from the https://manolov.shinyapps.io/Brinley/ website. The red

horizontal line represents the within-phase mean, which is the basis of the Brinley plot.
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Figure 15

Consistency of level in similar phases, for the Laski et al. (1988) data for the nonverbal
children. The vertical dashed line on the left panel represents the overall mean for
condition A: the closer the points horizontally the greater the consistency in this condition.
The horizontal dashed line on the right panel represents the overall mean for condition B:

the closer the points vertically the greater the consistency in this condition.
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Figure 16

Consistency of effect, for the Laski et al. (1988) data for nonverbal children. The diagonal
dashed line represents the average difference between conditions A and B. The closer the
points vertically to this dashed diagonal line, the greater the consistency of effect (mean

difference).
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