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Abstract Adapted alternating treatments designs were used
to evaluate three computer-based flashcard reading interven-
tions (1-s, 3-s, or 5-s response intervals) across two students
with disabilities. When learning was plotted with cumulative
instructional sessions on the horizontal axis, the session-series
graphs suggest that the interventions were similarly effective.
When the same data were plotted as a function of cumulative
instructional seconds, time-series graphs suggest that the 1-s
intervention caused the most rapid learning for one student.
Discussion focuses on applied implications of comparative
effectiveness studies and why measures of cumulative instruc-
tional time are needed to identify the most effective
intervention(s).

& Comparative effectiveness studies may not identify the
intervention which causes the most rapid learning.

& Session-series repeated measures are not the same as time-
series repeated measures.

& Measuring the time students spend in each intervention
(i.e., cumulative instructional seconds) allows practi-
tioners to identify interventions that enhance learning
most rapidly.

& Student time spent working under interventions is critical
for drawing applied conclusions.
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Working with students with intellectual disabilities, Yaw et al.
(2014) ran two relative effectiveness studies designed to com-
pare two computer-based flashcard reading (CFR) interven-
tions, one with 5-s response intervals and one with 1-s response
intervals. Each intervention included three trials per word, but
the 1-s intervention required less student time. When word
acquisition was plotted as a function of sessions, (repeated-
measures session-series design with learning trials held con-
stant), session-series figures showed both interventions resulted
in similar learning (i.e., words acquired) per session. When
word learning was measured as a function of cumulative in-
structional seconds (repeated-measures time-series design),
time-series figures showed that the 1-s intervention resulted in
superior learning speed (i.e., learning/time spent learning) than
the 5-s intervention. These results suggested that the more rapid
learning under the 1-s intervention were caused by the 1-s
intervention requiring less instructional time, as opposed to
1-s trials causing more learning. Although Yaw et al. found
evidence of an inverse relationship between response intervals
and learning speed, the study did not provide sufficient evidence
for evaluating this relationship because only two response inter-
vals (1-s and 5-s) were applied. The current study was designed
to extend the Yaw et al. research by evaluating the relationship
between response intervals and learning speed using three CFR
interventions (1-s, 3-s, and 5-s response intervals).

Learning is caused by events (e.g., interventions) which
require time, and learning problems are typically not caused
by a failure to learn, but by not learning rapidly enough
(Skinner et al. 1995/2002). To prevent or remedy learning
problems, comparing interventions to determine which caused
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the most behavior change or learning is insufficient; we must
identify the interventions which result in the most rapid learn-
ing (Skinner 2010). Because many comparative effectiveness
studies do not measure learning as a function of time spent
learning, they do not allow researchers to identify which in-
terventions cause the most rapid learning or remediation. A
second purpose of this study was to contribute to the research
on measurement scale by comparing relative effectiveness
conclusions when learning is plotted as function of cumulative
sessions and as a function of cumulative instructional seconds.

Participants were Amber and Floyd, both 10 years old and
identified with a functional delay. Standardized assessment
showed each had cognitive and reading achievement scores two
standard deviations below the mean, but neither had significant
deficits in functional or adaptive skills. Both were receiving
remedial reading andmath services in a self-contained classroom.

Using guidelines provided by Hopkins, Hilton, and
Skinner (2011), CFR intervention and assessment programs
were constructed for each participant. Both programs included
words from the Edmark Reading Program, Levels 1 & 2 (Pro-
ed 2011) in 88-point Arial style font, presented in the center of
the screen, one at a time. Also, Amber’s teacher selected some
additional words from her curricula.

Adapted alternating treatments designs were used to com-
pare three CFR interventions (i.e., 1-s, 3-s, and 5-s response
intervals). Pre-tests took place on a Thursday and Friday.
Next, experimental procedures were applied between 9:00
and 11:00 a.m. over a 2-week period at the end of the school
year. The primary experimenter worked one-to-one with par-
ticipants at a table in the corner of their classroom. Generally,
sessions took less than 15 min.

During two pre-testing sessions, the experimenter sat with
each participant and a list of 150–160 words printed down the
left side of the page. The experimenter pointed to each word
and prompted the student to read the word. Words read cor-
rectly within 2 s on either session were considered known and
excluded. After identifying over 100 unknown words for each
student, stratified (based on number of letters per word) ran-
dom assignment was used to assign the 100 words to one of
the four conditions, 1-s, 3-s, and 5-s CFR, and an assessment-
only control condition. For each condition, the 25 words were
sequenced from shortest to longest.

Sessions were conducted once per school day. Each session
included 1-s, 3-s, and 5-s response-interval interventions pre-
sented in counterbalanced order across sessions. Each inter-
vention targeted the first 10 of 25 unknown words. For each
intervention, participants were instructed to click on the word
START. The first word was then displayed for 1, 3, or 5 s
before a recording of the word being read was played. After
the recording, the word remained on the screen for 1 s before
being replaced with the next word. Participants were
instructed to try to read the word before the recording and
repeat the word after the recording. For each intervention,

after 10 trials (one trial for each of the 10 targeted words) were
completed, the program repeated the process two more times
with the same words presented in random order each time.
When one 30-trial intervention was completed, the same pro-
cedures were applied using the other two interventions. After
the final intervention, an assessment of all 30 target words was
conducted and recorded. During each assessment, each word
would appear on the computer screen in random order for 2 s.
If the participant read the word before it vanished from the
screen, the experimenter scored it as correct. Every other ses-
sion, the same procedures were used to assess the 30 target
words and the first 10 control words. Aword was considered
acquired when it was read correctly across two consecutive
assessments. Acquired words were removed from both the
intervention and assessment programs and replaced with the
next word assigned to that condition.

Another experimenter randomly selected and independent-
ly scored 50 % of the recorded assessment sessions by listing
to the audio recording as she re-played the appropriate assess-
ment program. Percent interobserver agreement was calculat-
ed for each session by dividing the number of agreements on
words read correctly within 2 s by the number of agreements
plus disagreements and multiplying by 100. Interobserver
agreement for each session was 100 %.

Table 1 shows that on average, Amber acquired the same
number of 1-s and 5-s words per session (2.44 words) but
fewer 3-s words (1.89). When learning was assessed per in-
structional minute, Amber’s learning speed was highest for the
1-s words (1.63 words acquired per instructional minute),
which was more than twice the learning speed for the 3-s
and 5-s words. Floyd’s average per session data showed a
clear linear pattern; he acquired the least 1-s words (0.56 per
session), 0.22 more 3-s words per session (0.78 per session),
and 0.44 more 5-s words per session (1.00 per session).
Floyd’s words acquired per instructional min across interven-
tions were very similar, but in the opposite direction; his learn-
ing speed was highest for the 1-s words, 0.37 words acquired
per instructional min, and lowest for the 5-s words, 0.29 words
acquired per min of instruction.

Figure 1 displays Amber’s acquisition data plotted by cu-
mulative instructional sessions (session-series graph) and cu-
mulative instructional seconds (time-series graph). The
session-series graph shows that Amber acquired only two
control words but more 1-, 3-, and 5-s words. Across the three
interventions, no clear separation emerges in words learned
per session. Amber’s time-series graph shows a clear separa-
tion between the 1-s intervention and the other two interven-
tions emerged. Because this separation generally grew larger
as the study progressed, Amber’s time-series graph provides
evidence that Amber’s learning speed (learning per instruc-
tional second) was superior under the 1-s intervention relative
to the 3-s and 5-s interventions. There is no clear separation
between the 3-s and 5-s interventions until the third session;
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however, this separation did not grow larger, which suggests
no consistent differences in words acquired per instructional
second across the 3-s and 5-s interventions.

As with Amber, Floyd showed increases in 1-, 3-, and 5-s
words acquired, while showing little improvement on control
words (see Fig. 2). Although Floyd learned more 5-s words,
learning per session tended to be similar across interventions
following the fourth session. Also, Fig. 2 shows no differences
in Floyd’s word acquisition across conditions when learning
was measured using cumulative instructional seconds.

Across participants, visual analysis of session-series graphs
show clear increases in 1-s, 3-s, and 5-s words acquired and
small increases in control words acquired, with no consistent
differences in learning per session across the three interven-
tions. These results are consistent with others who found ev-
idence that CFR interventions can enhance word reading in

students with disabilities, but little evidence to support a func-
tional relationship between response interval length and the
amount learned per trial or session (e.g., Yaw et al. 2014).

For both students, average learning speed data (e.g., see
Table 1) showed that as response intervals increased, learning
speed decreased; however, visual analysis of Amber’s time-
series graphs with word learning plotted as a function of cu-
mulative instructional seconds did not support the conclusion
that the 3-s intervention resulted in consistently more rapid
learning than the 5-s intervention. Also, visual analysis of
Floyd’s time-series data showed no consistent difference in
learning speed across the three interventions. Therefore, the
current study does not support a functional relationship be-
tween response intervals and learning speed.

Comparing relative effectiveness conclusions across
session-series and time-series graphs yielded idiosyncratic

Table 1 Words acquired across
flashcard interventions by Amber
and Floyd

Students Intervention Mean words acquired
per session

Mean words acquired per
instructional minute

Total words acquired

Amber 1 s 2.44 1.63 22

3 s 1.89 0.76 17

5 s 2.44 0.70 22

Floyd 1 s 0.56 0.37 5

3 s 0.78 0.31 7

5 s 1.00 0.29 9
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Fig. 1 Amber: The same words
acquired data presented per
instructional session (session-
series graph) and per instructional
second (time-series graph)
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results. For Floyd, figures plotting word acquisition as a func-
tion of cumulative instructional seconds and cumulative in-
structional sessions both support the same conclusions: no
intervention was more effective than any other. Amber’s data
graphed by cumulative instructional sessions suggested that
the interventions were similarly effective; however, when the
same data were graphed as a function of cumulative instruc-
tional seconds, visual analysis suggests that the 1-s interven-
tion caused larger increases in Amber’s learning speed than
the 3-s and 5-s interventions. These two cases demonstrate
how different measurement scales (cumulative instructional
session versus cumulative instructional seconds) can (e.g.,
Amber), but do not always (e.g., Floyd) influence our relative
effectiveness conclusions. More importantly, these results
suggest that Amber would benefit most from the 1-s
intervention.

Researchers should address several limitations associated
with our dependent variable.

We only measured word reading. Researchers should de-
termine if CFR procedures enhance comprehension and the
ability to read words when presented in connected text. Also,
researchers should assess maintenance across conditions.
Additionally, researchers may want to determine if voice rec-
ognition software might allow for more efficient assessment
and word replacement. Finally, the idiosyncratic effects sug-
gest finding should not be generalized to others.

In this study, learning trials were held constant per session,
which may be important for answering theoretical

implications. However, when time students spend under com-
peting interventions is not controlled, such data can mislead
practitioners attempting to address applied problems (Skinner
et al. 1995/2002). For example, most who care about Amber
want her deficits remedied as rapidly as possible. If those
people were to base their decision based on her session-
series data, they may choose either the 1-s, 3-s, or 5-s inter-
vention. However, Amber’s learning speed data present in the
time-series figure shows that Amber’s learning speed was su-
perior under the 1-s intervention. This idiosyncratic data sug-
gests that the 1-s intervention will remedy Amber’s deficits
more rapidly than the competing interventions.

Educators attempting to remedy deficits need to knowwhat
works. But when faced with the choice of numerous empiri-
cally validated interventions (e.g., 1-s, 3-s, and 5-s CRF), the-
oretical studies with sessions, learning trials, or opportunities
to respond held constant may not allow applied researchers to
answer the next question: Which empirically validated inter-
vention(s) remedy deficits most rapidly (Skinner 2008)? To
answer this question, researchers must measure learning as a
function of the time students spend learning. Thus, we encour-
age all researchers who run comparative effectiveness studies,
including meta-analysis (see Poncy et al. 2015), to (a) evaluate
learning speed using precise measures of time the student
spent learning, (b) hold instructional time constant across in-
terventions, and/or (c) clearly indicate that their evaluations of
relative effectiveness should not be used to make applied rec-
ommendations (Skinner 2010). Otherwise, researchers may
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Fig. 2 Floyd: The same words
acquired data presented per
instructional session (session-
series graph) and per instructional
second (time-series graph)
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encourage educators to apply theoretically supported, empiri-
cally validated procedures that are less effective at preventing
and remedying deficits (i.e., take longer to remedy deficits)
than other procedures (Skinner 2010).
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