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Abstract
When teachers work with students exhibiting academic failure, they may look to 
factors outside of instruction such as a student’s home life or perceived disabil-
ity as explanations. Placing the locus of control outside of the instructional con-
text becomes a convenient way to escape culpability for unsatisfactory outcomes. 
A more functional approach to addressing academic deficits allows educators to 
determine environmental factors responsible for the lack of progress and then cre-
ate interventions designed to address these functions of academic failure. Although 
experimental analyses serve as the gold standard for evaluating functional relations 
between behavior and environment, educators may not always have the ability to 
systematically test all behavior-environment relations. Indirect assessments provide 
one means to develop hypotheses about environment–behavior relations that can 
then be validated with experimental analyses. In this study, researchers developed an 
indirect tool (Academic Diagnostic Checklist - Beta; ADC-B) based on the function 
of academic performance deficits (Daly et al. in School Psychology Review 26:554, 
1997) and validated the use of the ADC-B by comparing interventions that were 
suggested (indicated) and those non-suggested (contraindicated) by the ADC-B. 
Researchers used the ADC-B with four participants and found that for three of the 
four participants, the suggested intervention was the most efficacious at improving 
accuracy with the target skills. One limitation is that we did not evaluate the full 
technical adequacy of the ADC-B, which should be a focus of future research.
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Introduction

The behavior analytic approach to learning is rooted in the philosophy that all stu-
dents can learn and that the teacher is responsible for adapting the environment to 
promote said learning (Fredrick et  al., 2000). In fact, Skinner (1968, p. 242) sug-
gested that the largest inefficiency in education was the lack of differentiation for 
students. As demonstrated within the Multi-Tiered Systems of Support (MTSS) 
framework, environmental adaptations, such as supplementary academic interven-
tions, can lead to significant improvements in academic performance (Greenwood 
et al., 2011). Despite the wide range of available individualized academic interven-
tions, not every intervention will work for all students or all academic deficits (Eck-
ert et al., 2002; Mellott & Ardoin, 2019; Parker et al., 2012). Thus, individual stu-
dents’ needs may vary and not all interventions will result in academic successes 
(Daly & Martens, 1997; Maggin et al., 2016). Therefore, researchers should identify 
for whom and under what conditions interventions are effective (Wolery, 2013).

Given that the reasons for the student’s academic deficits are likely idiosyncratic, 
it is important to select interventions based on diagnostic information rather than 
based on teacher intuition in order to better match the environmental problem to the 
intervention (Maggin et  al., 2016; Wagner et  al., 2017). One diagnostic approach 
to academic failure that may be successful is a functional approach. In the field of 
developmental disabilities, researchers have repeatedly demonstrated that determin-
ing the function of a problem behavior increases the likelihood of finding an effec-
tive and precise intervention for that behavior (Campbell, 2003; Hanley et al., 2003). 
Even for reducing the problem behavior of students with learning disabilities, where 
the evidence base for function-based treatments is still emerging (McKenna et al., 
2015), function-based interventions are still the ideal approach (Chunta & DePaul, 
2022) and required by law for students with a behavior support plan (IDEA, 2004).

Daly et al. (1997) successfully demonstrated that a functional approach to identi-
fying effective interventions could improve academic performance (rather than arbi-
trary selected or default interventions). In doing so, they proposed five environmen-
tal explanations (functions) of learning failure.

Environmental Causes of Academic Failure

(1) The student doesn’t want to perform the skill. This function is likely to be the 
cause of a performance deficit if there is no reinforcement for responding. Even 
if the learner received instruction and performed the skill before, without rein-
forcement, the behavior contacts extinction.

(2) The learner has not spent enough time doing it. Students learn to skillfully 
engage in a behavior by doing it and contacting reinforcement. The only way to 
shape a behavior is to evoke responding and allow the responses to be molded 
by the surrounding contingencies. Thus, the more a student performs a response 
the more likely teachers can shape it into the target behavior. In schools, teach-
ers capitalize on this by increasing opportunities to respond and active student 
responding (Haydon et al., 2012; MacSuga-Gage & Simonsen, 2015; Sutherland 
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& Wehby, 2001). If teachers do not maximize these opportunities to respond (or 
use them incorrectly), it can become a hindrance to effective instruction.

(3) They have not had enough help to do it. While students may learn by contacting 
naturally occurring contingencies, this is not the most efficient way to learn. 
Teachers can accelerate learning by prompting correct responses (Mueller et al., 
2007) and providing consequences such as performance feedback. Thus, if the 
student is not learning and does not have any assistance, this may be the reason 
for the academic deficit. Also under the umbrella of “help to do it,” there may 
also be a mismatch in the instructional hierarchy (Daly et al., 1996). Accord-
ing to this model, skills develop in a sequence of stages: acquisition, fluency, 
generalization, and then adaptation. If assistance is provided, but focuses on the 
incorrect stage of the instructional hierarchy, this assistance is much less likely 
to be effective.

(4) They have not had to do it that way before. Sometimes students are taught to 
complete a skill in a particular manner, but the skill is assessed in a differ-
ent format. For example, a student may practice spelling with a word bank yet 
the teacher assesses the spelling skill without one. Thus, this scenario includes 
instructional materials that allow the student to obtain the answer without actu-
ally utilizing the target skill (Vargas, 1984). If the instructional materials are not 
designed adequately (e.g., poor alignment with natural stimuli or testing stimuli) 
the learner may not have sufficient opportunities to respond in an appropriate 
manner to the target stimulus. Then the learner may struggle to respond correctly 
during the times in which the response is necessary (during testing or when 
needed in the natural environment).

(5) The skill is too hard. Academic skills often build upon one another. In school, 
students first learn component skills that are eventually synthesized into compos-
ite skills (Johnson & Street, 2013). For learners who do not master the compo-
nent or prerequisite skills fluently, they may struggle to learn higher order, more 
complex tasks. In this case, the learner may not have the behavioral repertoire 
necessary to learn the target skill.

It is quite possible, if not probable, that a student’s academic deficit may be a 
product of several combined functions. Overall, these functions of academic per-
formance deficits provide a model for teachers to identify interventions that are 
likely to be more effective for remediating individual students’ academic problems 
(Daly et al., 1997). For a full example of the applications of the functions of aca-
demic deficits to reading instruction, see (Gibb & Wilder, 2002).

Academic Experimental Analyses

The data-based decision making model, known as the academic experimental 
analysis (AEA), provides one way to test these possible functions of academic 
performance deficits and therefore match a function-based instructional strategy 
(Baranek et al., 2011). Within academic interventions, the AEA allows research-
ers and practitioners to compare several environmental conditions in a short 
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amount of time (Eckert et al., 2000). Researchers can then identify effective inter-
ventions and rule out ineffective ones as well (Daly et al., 1997). They can deter-
mine a functional relation using single-case design methodology (Eckert et  al., 
2000) such as a multi-element design (Wolery et  al., 2018), withdrawal design 
(Gast et al., 2018), or modified versions such as brief experimental analysis that 
contain mini-withdrawal designs (Leford & Gast, 2018). Because academic skills 
are difficult to “reverse” following the removal of an intervention (Wolery et al., 
2018), most AEA focus on the comparison of two or more instructional strate-
gies applied to different sets of materials to determine which intervention is more 
effective for an individual student (Daly et al., 1997; Barnek et al., 2011).

Wagner et al. (2006) combined the academic function methodology (Daly et al., 
1997) with experimental analyses by creating a specific reading test condition for 
each of the five aforementioned hypotheses for academic deficits. Although the 
researchers had to develop several iterations of the experimental analysis to find 
the optimal reading intervention, they eventually found an effective intervention for 
each participant. This demonstration of academic functional analysis methodology 
is powerful, yet has limitations. This study highlighted the ability for researchers to 
use specific academic interventions corresponding to specific environmental prob-
lems to test each of Daly et al. (1997) hypothesized functions of academic deficits. 
Not only did they demonstrate a way to systematically test Daly’s functions, but 
the results suggest that this functional approach to academic deficits can result in 
improved academic performance.

Researchers and practitioners in behavioral sciences consider experimental analy-
sis methodology the gold standard because it experimentally demonstrates the envi-
ronmental variables’ effect on behavior (Oliver et al., 2015). In academic interven-
tions, researchers have suggested that brief AEA takes about the same amount of 
time (or less) as a standardized and norm-referenced test, yet has the added benefit 
of providing information about intervention selection (Baranek et  al., 2011; Cates 
et  al., 2006). Research suggests that information yielded by AEAs is unique and 
much more effective at identifying beneficial interventions than traditional teacher-
identification methods (Wagner et al., 2017). Concerning problem-solving, teachers 
can use AEA to determine which function is most likely related to the academic 
deficit (Wagner et al., 2006).

Previous researchers have used AEA to address various academic topics, including 
early reading skills (Wagner et al., 2017), reading comprehension (Cates et al., 2006), 
sight words (Baranek et al., 2011), and oral reading fluency (Daly et al., 1997). When 
using AEAs, researchers often compare a multitude of different interventions. For 
example, Baranek et al. (2011) used the AEA to evaluate eight different interventions 
on sight word accuracy. In addition, Cates et al. (2006) evaluated over seven interven-
tions to determine their effects on reading fluency and reading comprehension. Finally, 
Eckert et al. (2000) assessed the impact of eight reading interventions on reading flu-
ency. The authors justified this high number of interventions by suggesting that system-
atically evaluating every possible combination of intervention allows them to determine 
the best-individualized treatment for each participant (Eckert et al., 2000). However, in 
academic problem solving, time is a commodity (Daly et al., 1997), and thus, testing a 
large number of interventions may not be the most efficient method for practitioners.
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Informing Experimental Analyses—Indirect and Direct Assessments

A majority of functional analyses (FA) in the field of behavior analysis are conducted 
to identify the environmental factors responsible for severe problem behavior. Practi-
tioners working in this domain of severe problem behavior have reported time as a bar-
rier to implementing FAs (Roscoe et al., 2015); thus, schools must balance the need for 
comprehensive data with efficiency. Because of this need, the current FA methodol-
ogy in addressing problem behavior is moving toward a more streamlined approach. 
Instead of testing multiple conditions that may, or may not, be related to the problem 
behavior (Iwata et al., 1994), researchers and practitioners have long used indirect and 
direct assessments to guide the selection of individualized conditions for the FA (Iwata 
et al., 2013; Northup et al., 1991; Paclawskyj et al., 2000). For example, if following an 
indirect and direct assessment of the behavior it is determined that those in the environ-
ment never provide access to a tangible item contingent on problem behavior, then it is 
not necessary to conduct a tangible condition. Doing so would take more time and may 
also lead to a false positive outcome (Rooker et al., 2011). Overall, the use of indirect 
and direct assessment together before conducting a FA allows the creation of an FA 
that is flexible and individualized (Hanley, 2012) as well as helps to truncate assess-
ment time on the contingencies that are most likely to be influencing problem behavior 
(Broussard & Northup, 1995; Derby et al., 1992).

The subfield of performance management (Daniels & Bailey, 2014) has also 
reported on the benefits of using indirect and direct tools in their functional approach 
to performance deficits. Carr and Wilder (2016) identified many different possible 
interventions related to staff performance problems, including behavior skills training, 
adjusting staffing, changing materials, increasing supervisor presence, highlighting task 
outcomes, reducing task effort, and reducing task aversive qualities. However, similar 
to academic functional assessment, not all interventions will be effective for all staff 
performance problems, and it may not be time-efficient to test all possible interven-
tions. Therefore, researchers often use tools such as the performance diagnostic check-
list (PDC; Austin, 2000) or its iterations such as PDC-human services (PDC-HS; Carr 
& Wilder, 2016; Carr et al., 2013). With the use of these tools, researchers can isolate 
possible functionally related interventions for performance deficits and then validate 
them with experimental analyses (Wilder et al., 2020). As with problem behavior and 
academics, when practitioners select interventions based on the function of the perfor-
mance deficit, the interventions are more likely to be effective than when the interven-
tion is chosen arbitrarily (Gravina et al., 2021).

Purpose

Daly et  al. (1997) recommended streamlining the functional approach to academ-
ics by testing the parsimonious solutions first and then progressively increasing the 
intensity of the intervention. Although other research commonly utilizes this hier-
archical application (Daly & Martens, 1999; Wagner et al., 2006), this method has 
clear limitations (Eckert et al., 2000). One other possible method may be to use a 
direct and indirect tool to narrow down the hypothesized functions for the academic 
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deficit prior to conducting an AEA. We developed a tool, similar to PDC, called the 
Academic Diagnostic Checklist-Beta (ADC-B) based on the functions of academic 
deficits described by Daly et al. (1997) and current research on academic interven-
tions within the fields of education, educational psychology, behavior analysis, and 
special education. This paper contains 4 experiments that aim to evaluate the pre-
liminary use of this tool and validate its use with experimental analysis. We evalu-
ated the accuracy of the ADC-B in each of the 4 experiments by comparing an inter-
vention not suggested by the ADC-B (functional unmatched) with an intervention 
recommended by the tool (functionally matched), thereby replicating the validation 
methods used for the PDC (Carr & Wilder, 2016; Carr et al., 2013).

General Method

Tool Development

We developed the ADC-B based on the functions of academic deficits described by 
Daly et al. (1997). We made adaptations to the functions described by Daly et al. 
based on new research on academic interventions and also based on the logistics and 
formatting of the questions. Since Daly et al. (1997) already included an evidence-
based foundation for his model, we were heavily influenced by this body of research 
when developing the tool (references can be found on the ADC-B in Supplementary 
File 1). During the development of the tool, we consulted with two doctoral level 
behavior analysts with combined specialities in behavior analysis, special education, 
educational psychology, and individualized academic interventions. After we devel-
oped the ADC-B, we conducted a pilot use of the tool with several teachers who 
identified a student with an academic deficit resistant to intervention. We used the 
tool with these teachers to ensure the tool differentially identified functions versus 
non-functions (rather than the tool identifying all domains or no domains as prob-
lematic). The teachers then provided feedback to inform improvement of ADC-B 
questions. The teachers that made suggestions all focused on the specific wording of 
questions, to make the intent of each question more clear. After edits based on the 
trial run and teacher feedback, we fully piloted and validated the tool through this 
study.

Each section of the tool corresponds to one of Daly et al. (1997) functions. The 
motivation section corresponded with “the student doesn’t want to perform the 
skill.” The opportunities to respond section focused on the function “the learner 
has not spent enough time doing it”. We split the function “they have not had 
assistance” into two separate subsections for logistical purposes: assistance and 
instructional hierarchy. When developing the tool, we made all of the questions 
except the instructional hierarchy (Daly et  al., 1996) section focus on “acquisi-
tion” struggles. The questions in the instructional hierarchy section look at prob-
lems with fluency, generalization, and adaptation (Haring et al., 1978). In addi-
tion, we included the “they have not had to do it that way before” section under 
instructional materials. Lastly, we presented the function “the skill is too hard” in 
the section titled unmatched difficulty.
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The ADC-B contained 32 questions divided into six categories that all could 
be answered through direct observation, parent interviews, teacher interviews, 
and observations in contrived situations. Each contained a final “yes” or “no” 
response based on the information gathered. Each primary question contained 
several guiding questions to assist the implementer in obtaining information dur-
ing interviews. Interviewers should not use the questions as scripts, rather they 
may adapt the questions in a way that the informant can understand or adapt ques-
tions to make them specific to the skill at hand. For each question, an answer on 
the right column (bolded) represented an increased chance that the academic defi-
cit was because of that specific environmental issue (function). Lastly, we added 
example interventions with literature related to each function of academic deficit 
on the final page of the tool. For a complete copy of the ADC-B tool, see Sup-
plementary File 1.

ADC‑B Administration and Selection

To answer the questions on the ADC-B, we used a multi-method, multi-informant 
approach to answer the questions (e.g., interviews with teacher, parents, student, 
review of records, CBM data, permanent products, peer comparisons, attempts at 
isolating the problem, etc.). If possible, we validated the information with direct 
observations. During interviews, we adapted questions and provided examples 
specific to the target problem and used all the information together for our final 
answer. When reported information was inconsistent (mother reported one thing, 
teacher reported another) we weighed the validity of the information in the final 
decision. For example, we always valued direct observation more than interview 
and trusted the interviewee with the most experience with teaching the client the 
skill. With Anna (experiment 1), an example of this situation is when mother 
reported that Anna had not worked on multiplication in a year and both Anna 
and the teacher reported that she worked on multiplication almost daily. When 
information was inconsistent, it was always clear who the more valid source of 
information was. This assertion can be demonstrated by the high procedural fidel-
ity when a second observer also scored the ADC-B tool.

It took us 15–30 min to interview each informant. This information in combi-
nation with direct observation and permanent product data was enough for us to 
answer all questions. After completion, the tool suggested a variety of suggested 
interventions for each participant. When making selections for the comparison, 
we prioritized functional domains that were rated at a higher percentage and used 
clinical judgment to develop intervention packages that were likely to be feasible 
together. The tool also suggested a variety of non-suggested interventions, and 
thus for the comparison, we chose non-suggested interventions likely to be used 
or recommended by teachers in schools.
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Procedural Fidelity and Interobserver Agreement

A second observer collected data on the correct implementation of procedures using 
direct systematic observation. All observers were master’s or doctoral level students 
studying behavior analysis or special education and behavior analysis. The observ-
ers were familiar with data collection and thus only required an explanation of pro-
cedures and the target behaviors to achieve high levels of interobserver agreement 
(IOA) and procedural fidelity.

The observer calculated the percentage of procedural fidelity by taking the num-
ber of steps the researcher completed correctly, dividing it by the total steps they 
should have completed, and multiplying by 100%. The first author created individ-
ualized procedural fidelity checklists for each intervention prior to conducting the 
first intervention session with each participant. We attempted to cover the critical 
features of each intervention procedure with the checklists (checklists are available 
from the first author upon request; procedure descriptions are available via Supple-
mentary File 2). Table 1 shows the specific results of the procedural fidelity checks 
with data collectors obtaining well above the suggested minimum (Ledford et  al., 
2020) with near perfect procedural fidelity. We did not collect agreement data for 
procedural fidelity.

The second observer also simultaneously coded sessions alongside the primary 
data collector to determine IOA. We used the point-by-point method (Ledford et al., 
2018) to evaluate the agreement between the two data collectors (problem-by prob-
lem for Anna, Chase, and Trent, letter-by-letter for Damon). For each point, we 
coded if data collectors agreed on the type of response (correct or error) for all prob-
lems attempted. Table 2 shows the specific results of the IOA checks with data col-
lectors obtaining well above the suggested minimum percentage of sessions (Led-
ford et al., 2020) with near perfect agreement.

In order to obtain reliability data on the ADC-B, we provided a second coder 
with all relevant records from the administration of the ADC-B and had the second 
coder also complete the ADC-B. We calculated the primary ADC-B and the second-
ary agreement using a point-by-point formula in which we counted the number of 
questions with an exact agreement and divided it by the number of total questions 
to obtain the percentage of agreement. For Anna (experiment 1), we allowed them 
to listen to the interviews with Anna and Anna’s teacher and obtain an inter-assessor 

Table 1  A summary of procedural fidelity data for all participants

The first number represents the percentage of sessions for which researchers collected procedural fidelity. 
The second number after the semicolon represents the average steps completed correctly by the research-
ers

Procedural 
Fidelity

Probes/Baseline Suggested Non-suggested Control

Anna 42.31%; 100% 39.47%; 100% 50%; 100% 60%; 100%
Chase 44.44%; 95% 66.66%; 100% 33.33%; 100% 33.3%; 100%
Damon 40%; 100% 38.88%; 97.14% 44%; 100% –
Trent 50%; 100% 33.33%; 100% 66.66%; 100% –
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agreement of 92.31%. For Damon (experiment 3), we had the secondary coders lis-
ten to the interviews with Damon and his mother and we obtained 100% inter-asses-
sor agreement.

Experiment 1

Method

Participant and Setting

Anna was a 10-year-old Caucasian female who spoke English in the home. She 
attended the local university clinic to receive academic intervention due to difficulty 
with multiplication. Anna received her 5th grade education in a general education 
classroom located in a large school located in the suburb with 443 other students 
with 22% eligible for free lunch. A cognitive assessment (Wechsler Intelligence 
Scale for Children—Fifth Edition) conducted within the year preceding the current 
study suggested that Anna demonstrated average intellectual functioning. She dem-
onstrated strong verbal abilities, within the 95th percentile. On the Kaufman Tests of 
Educational Achievement—Third Edition she scored within the 18th percentile for 
math skills, suggesting a low average range of mathematical achievement. Anna and 
her parents reported that she had always struggled with foundational mathematics 
such as using place value during adding with regrouping. Anna attended all sessions 
via Zoom from her home.

Materials and Data Collection

For Anna, we created three equal-difficulty sets of multiplication facts based on the 
results of multiplication probes. Set one contained multiplication facts that start with 
11, 1, 3, and 6. Set two contained multiplication facts that begin with 9, 2, 10, and 
7. Set three contained multiplication facts that start with 12, 4, 5, and 8. We created 
all worksheets using WorkSheet Genius (n.d.) and displayed them on Anna’s screen 

Table 2  A summary of procedural interobserver agreement data for all participants

The first number represents the percentage of sessions for which researchers collected interobserver 
agreement data. The second number after the semicolon represents the average percentage of agreement 
by the researchers

 IOA Baseline Suggested Non-Suggested Control

Anna 100%; 95.85% 39.47%; 99.21% 50%; 100% 60%; 100%
Chase 33.33%; 100% 66.66%; 100% 33.33%; 100% 33.33%; 100%
Damon 40%; 98.68% 38.88%; 98.87% 44%; 99.40% –
Trent 50%; 100% 33.33%; 100% 66.66%; 100% –
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using the share screen feature on Zoom. We used the drawing feature on Zoom to 
write when needed.

Design and Measurement

To comparatively evaluate the effects of the suggested and non-suggested interven-
tions, we used an adapted alternating treatment design with a baseline and a con-
trol set of stimuli (Wolery et al., 2018). Specifically for Anna, we created three sets 
of equal-difficulty multiplication facts. After conducting baseline sessions with the 
three sets to ensure equal difficulty, we used a random number generator to assign 
the suggested intervention to set 1, the non-suggested intervention to set 2, and 
used set 3 as a control set. During the comparison phase, we selected the order of 
sequence for the sets semi-randomly (by using an random number generator while 
ensuring that we completed a full series before repeating the a set). Once we identi-
fied differential responding between the conditions/sets, we applied that intervention 
to all problem sets.

For Anna’s multiplication responses, we defined correct responses as stating the 
answer to the problem that was the same as the answer written on the answer key. 
We defined errors as either skipping the problem or stating any solution that did 
not align with the correct response written on the paper. We collected data on cor-
rect responses and errors using a rate of responding (per minute). We conducted 
visual analysis by looking at changes in trend, level, and variability during condition 
changes (Horner & Odom, 2014). As a quantification for trend, level, and variability, 
we report slope, mean, and range of data when appropriate.

Procedures

Baseline/Probes. We presented the relevant worksheet for the target skill (100 mul-
tiplication facts) and started by providing the specific rules and the directions. Dur-
ing the two minute probes, we did not help, prompt, model, or provide feedback. 
The only praise we provided was general praise such as “good job answering all the 
questions.” For Anna specifically, we added to the instructions starting on session 13 
that she could not skip any problems due to a high rate of skipping problems.

ADC-B Administration and Selection. In order to answer the questions included in 
the ADC-B with Anna, we conducted a record review. This record review included 
looking at previous psychological evaluations, a previous Individualized Education 
Plan (IEP), and current data from her math class. We conducted two interviews fol-
lowing this record review, one with Anna and one with her teacher. The results of 
the ADC-B (Fig. 1) suggested that lack of motivation (0%) was not a target issue 
because she chose to work on multiplication over other tasks and did not improve 
accuracy with the task when incentivized with reinforcement. In addition, lack of 
opportunities to respond (0%) was not the environmental events responsible for the 
multiplication deficit because she received daily, complete opportunities to respond. 
Because of this, we selected both “increasing rates of OTRs” and “ensure complete 
learning trial” as a treatment package for the non-suggested intervention.
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According to the results of the ADC-B, the environmental variables that con-
tributed to Anna’s struggles to learn multiplication were that she lacked assistance 
(75%) informed by the fact that she rarely received prompts for completing multi-
plication, and there were certain strategies for multiplication that she had not been 
taught, such as skip counting. In addition, the ADC-B identified that the teaching 
was occurring within the incorrect instructional hierarchy (40%) because she could 
answer some multiplication facts correctly but she was not fluent with these facts. 
The tool also provided evidence that the instructional materials she used were not 
adequate (30%). Specifically, she used a multiplication chart in school and thus 
could get the answer to a multiplication fact without having to practice multiplica-
tion (she could find the answer with the chart). Lastly, the tool suggested that mul-
tiplication facts were too difficult for her current skill level (80%) because she had 
not learned various prerequisite or component skills for multiplication, such as skip 
counting numbers. Because of this information provided by the tool, we selected 
“modeling” strategies for completing multiplication and “teach component skills” as 
our treatment package for the suggested intervention. Table 3 provides more detailed 
descriptions of the suggested and non-suggested interventions for Anna and Supple-
mentary File 2 contains operational descriptions of the procedures.

Social Validity Measure

We developed our own social validity questionnaire (1) to determine how important the 
goals selected by the participants’ parents were to the participants and (2) to compare 
the client’s preference of the two compared interventions. We developed this social 
validity questionnaire based on widely accepted social validity domains within the field 
of behavior analysis (Wolf, 1978). Specifically, we looked at the social significance 

Fig. 1  Anna’s academic diagnostic checklist results. Note The results of the Academic Diagnostic Check-
list—Beta identifying which environmental factors may have been the function of Anna’s multiplication 
performance deficit
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of the goals by asking about the importance of the goal, if it helped in school, and if 
the goal would help the client in the future. Next, we looked at the social significance 
of each intervention (suggested and non-suggested) by asking if the client liked each 
procedure, if the procedures were easy for them to understand, and if the procedure 
made sense in relation to the target goal. Lastly, we asked questions related to the social 
importance of the effects of the teaching procedures by asking if the teaching proce-
dures worked well, if they learned the target set well, and if they could complete the 
target set effortlessly.

Results

The data presented in baseline suggest that Anna demonstrated accuracy with multipli-
cation facts (14.5–20 facts per minute) but also high rates of errors (9–10.5 per minute) 
prior to instruction (see Fig. 2). Rates of correct responses per minute for sets one, two, 
and three were 20, 18, and 14.5, respectively. Rates of errors for sets one, two, and three 
were 10.5, 9, and 9 per minute. Given the low variability between the different sets, 
the baseline data provide some face validity to the selection of equal difficulty sets of 
materials.

During the introduction of the intervention comparison, all three data sets resulted 
in patterns of differentiated responding. The control set, set three, resulted in the lowest 
level of correct responding with a mean of 14.5 correct responses per minute (range: 
10–20). This set maintained minor variability with a slight increasing trend across time 
(slope: 0.544 × X + 8.41 ). Set two, which received the non-suggested intervention, 
resulted in more correct responses than the control set but less than the suggested inter-
vention set, with a mean of 23.4 correct responses per minute (range: 18.5–28). This 
set maintained minor variability with a moderate increasing trend across time (slope: 
0.549 × X + 17.5 ). During the comparison condition, the suggested intervention set, 
set 1, resulted in the highest response level with a mean of 24.2 correct responses per 
minute (range: 11–32). This set resulted in a large increasing trend across time (slope: 
1.27 × X + 10.2 ) with minimal variability between each data point (range: 11.5–32).

Upon the introduction of the suggested intervention for all sets, we saw an immedi-
ate decrease in errors for all sets. Set 1 (suggested) continued to increase in correct 
responding (slope: 0.95 × X + 9.4,R2 = 0.25 ) until she met mastery criteria in nine 
sessions. Upon the application of the suggested intervention to all sets, Anna also began 
to increase her correct responding in set 2 (slope: 0.43 × X + 12.7,R2 = 0.421 ) until 
she reached mastery criterion within 10 sessions. Although the errors in set 3 began to 
decrease immediately, we saw a very slow increase in correct responding across ses-
sions (slope: 0.406 × X + 4.43,R2 = 0.39 ) and it took Anna 20 sessions to meet mas-
tery criterion with this set with this set. It is likely that it took longer to master this set 
because this set had been a control set and thus she had spent the previous sessions 
repeatedly practicing errors in this set with no feedback or error correction. The results 
of Anna’s social validity probes are shown in Table 4. Anna rated the suggested inter-
vention as more acceptable in both domains of intervention procedures and interven-
tion effects.
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Discussion

In this experiment, we used the ADC-B with Anna, a 10-year-old 5th grade stu-
dent, to determine the hypothesized function(s) of her academic performance 
deficit related to multiplication. Once we determined hypothesized functions 
with the tool, we tested the functions experimentally by comparatively applying 
interventions suggested and non-suggested by the ADC-B tool. The interventions 
suggested by the tool were the most effective at increasing correct responses and 
reducing rates of errors related to multiplication. In addition, Anna rated the sug-
gested interventions the most favorably on the social validity questionnaire.

One unpredicted finding was that the intervention package selected from the 
interventions contraindicated by the ADC-B resulted in higher levels of correct 
responding than the control set (but still not to the levels achieved with the sug-
gested intervention). One possible explanation is that any intervention focused 
on a target skill could result in some improvements to responding, even if not 
tied to the function of the academic performance deficit. A more likely expla-
nation is that the increased OTRs (contraindicated) also functioned as repeated 
practice of multiplication problems (indicated). There were only a finite number 
of multiplication problems that we practiced; thus, at 100 problems per session, 
Anna encountered certain math problems repeatedly. There were problems that 
Anna already responded correctly and thus encountering them frequently during 
the practice may have helped her to build fluency with those specific problems. 
This interpretation would explain why the non-suggested intervention resulted in 
increases in correct responding (fluency), while it did not decrease errors (accu-
racy). Thus, only the suggested intervention increased both accuracy and fluency.

Table 4  Social validity scale 
results

Client responses on a Likert scale (1–5) range of strongly disagree to 
strongly agree when asked about the goals, procedures, and effects 
utilized in the study. Higher Likert score indicates a higher accept-
ability rating

Overall Suggested Non-suggested

Anna
Goals 2.66
Procedures 3.66 3.33
Effects 3.00 2.66
Chase
Goals 3.00
Procedures 5.00 2.33
Effects 5.00 2.00
Damon
Goals 4.66
Procedures 4.33 4.00
Effects 4.33 4.66
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These results together provide some face validity use of this tool in selected 
academic interventions. However, only one client makes generalizations about 
the utility of the ADC-B to other skills, participants, or interventions difficult to 
make. To extend the external validity, we used this tool again with a different par-
ticipant, different dependent variable, and different suggested and non-suggested 
interventions. In experiment two, we applied this tool to 9th grade-level math-
ematics skills.

Fig. 2  Results for Anna. Note Data for the multiplication probes during baseline (BL), the condition 
comparing the suggested and non-suggested interventions (comparison), and the condition where the 
researchers applied the suggested interventions to all multiplication sets
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Experiment 2

Method

Participant and Setting

Chase was a 15-year-old Latino male who was in the 10th grade and spoke English 
as his primary language. He attended a local high school through a virtual program 
available to students during the COVID-19 pandemic. When Chase attended public 
school in person, he received special education services under the eligibility catego-
ries of Autism Spectrum Disorder and Speech/Language Impairment. In addition 
to these educational eligibilities, he was diagnosed with Attention-Deficit/Hyper-
activity Disorder, combined presentation (ADHD), Oppositional Defiant Disorder 
(ODD), and Bipolar Disorder. His mother also reported that Chase had dysgraphia 
and visual-motor challenges. The online program Chase attended utilized modules 
containing instructional videos, discussion boards, practice worksheets, quizzes, and 
tests to teach academic content. During school hours, Chase had either his mother, 
his grandparents, or a local tutor to assist him by reading the questions for him, 
scribing for him, pointing out relevant discriminative stimuli, and at times, prompt-
ing him to obtain the correct answer. Chase’s mother reported that Chase still strug-
gled to master foundational skills in mathematics. Chase attended all sessions at a 
local university classroom.

We created our own worksheets to practice and assess the different types of trans-
formations. Each worksheet contained two ordinate planes on the top half of the 
sheet, and blank space on the bottom half of the sheet for Chase to use as scratch 
work. We wrote the instructions for each problem below the ordinate planes. For 
translations, the instructions read “use the translation (x,y)—> (x ± #, y ± #)”. For 
dilations, the instructions read “use the dilation factor of # and a center of (0,0)”. 
For reflections, the instructions read “reflect across the line”. All details of the prob-
lem including shapes, numbers, number signs, lines, and planes were semi-randomly 
selected to ensure that the final answer reasonably fit on the ordinate plane. We ran-
domly selected sheets from those created for both the practice problems and probes 
to ensure the difficulty of the practice and probe problems were not biased in any 
way.

Design and Measurement

With Chase, we also used an adapted alternating treatment design with a baseline 
and control set (Wolery et al., 2018). We created three sets of equal-difficulty trans-
formation problems (dilation, translation, reflection) and applied the interventions 
randomly to each set. We applied the non-suggested intervention to the translation 
set, the suggested intervention to the dilation set, and selected reflections as the con-
trol set. During the comparison phase, we selected the order of sequence for the sets 
semi-randomly by using an random number generator while ensuring that we com-
pleted a full series before repeating the a set. With Chase, we did not apply the most 
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effective intervention to other sets. We did this because he wanted to work on other 
geometry tasks that more closely approximated what he was working on in school 
(translations was a unit/module form earlier in the semester and he had already com-
pleted it). Thus, to maintain social validity of goals, we did not want to ignore the 
client’s request for the benefit of obtaining a more rigorous design.

For Chase’s transformations, we defined correct responses as drawing a final 
shape on the ordinate plane that matched exactly to the shape written on the answer 
key. We defined errors as drawing any shape on the ordinary plane that did not 
align with the correct response written on the paper. We collected data on correct 
responses and errors using a rate of responding (per minute).

Procedures

Baseline/Probes. We presented the transformation worksheets with eight problems 
and started by providing the specific rules and the directions. During the probes, we 
did not help, prompt, model, or provide feedback. The only praise we provided was 
general praise such as “good job answering all the questions.” We stopped the ses-
sion after 20 min or when he finished all eight problems, whichever came first.

ADC-B Administration and Selection. We first conducted a record review of a pre-
vious IEP. Secondly, we conducted several sessions of direct observation where we 
watched Chase complete his math schoolwork with his tutor. We also conducted two 
interviews following this record review, one with Chase and one with Chase’s tutor. 
The results of the ADC-B (Fig. 3) suggested that lack of motivation (0%) was not an 
environmental cause because Chase reported that he found scores/grades motivating 

Fig. 3  Chase’s Academic Diagnostic Checklist results. Note The results of the Academic Diagnostic 
Checklist—Beta identifying which environmental factors may have been the function of Chase’s trans-
formation performance deficit
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but it didn’t help him with the task and he never reported he found translations aver-
sive. In addition, the tool suggested that the incorrect instructional hierarchy (0%) 
was not the environmental events responsible for the transformations deficit because 
Chase’s teachers correctly focused on acquisition rather than fluency or generaliza-
tion. Because of these results, we selected both “repeated practice” and “reinforce-
ment/incentives” as a treatment package for the non-suggested intervention.

According to the results of the ADC-B, the environmental variables that contrib-
uted to Chase struggling to learn transformations include that he lacked opportuni-
ties to respond (80%) when his parent and tutor completed the problems for him, 
did not receive assistance (25%) because he had not received modeling on how to 
complete the skills. In addition, the instructional materials were not adequate (25%) 
because they did not provide examples and non-examples of different types of prob-
lems and rules for completing the problems. Lastly, the tool suggested that the task 
was too difficult because he often was successful when provided accommodations 
or modifications. With these results, we selected modeling and complete learning 
trials as the treatment package for the suggested intervention. Table 3 provides more 
detailed descriptions of the suggested and non-suggested interventions for Chase 
and Supplementary File 2 contains operational descriptions of the procedures.

Social Validity Measure

We used the same social validity measure described in experiment 1 to evaluate 
the social significance of the goals, interventions, and effects.

Results

The data collected during baseline validated the assumption that he had not yet 
developed accuracy or fluency with the transformations as he engaged in near 
zero levels of correct responding (range: 0–0.07 per minute) and high levels of 
errors (range: 0.38–0.93 per minute; see Fig. 4). Chase engaged in 0.05, 0.07, and 
0 correct responses per minute for reflections, translations, and dilations respec-
tively. Rates of errors for the sets were 0.38, 0.51, and 0.93 per minute. Although 
there was some moderate variability between the sets, baseline results demon-
strated that Chase did not demonstrate mastery over any transformation functions.

The control set (dilations) resulted in an increase in correct responding 
with a mean of 0.17 correct responses per minute (0.09–0.28). Throughout the 
comparison conduction, the control set trend continued to improve (slope: 
0.0478 × X − 0.193) with minor variability. Although there was an increase 
in correct responding, Chase continued to emit high levels of error responding 
with a mean of 0.83 per minute (range: 0.63–1.02), no discernable trend (slope: 
0.0289 × X + 0.613,R2 = 0.09 ), and minimal variability.

On the other hand, the non-suggested intervention set (translations) resulted in 
lower correct responding and higher rates of errors than the baseline probe. Dur-
ing this condition, Chase emitted an average of zero correct responses per minute 
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and averaged 0.77 error per minute (range: 0.57–0.94). Although the errors across 
time maintain a slightly decreased trend (slope: −0.0439 × X + 1.14 ) with low 
variability, the rate of errors remained much higher than probed during baseline.

Lastly, the suggested intervention set, dilations, resulted in a sudden decrease 
in errors and a moderate increase in correct responding with a mean of 0.13 correct 
responses per minute (range: 0–0.25) and a mean of 0.033 errors per minute (range: 
0–0.1). Although the increase in correct responding was moderate, the data main-
tained an increasing trend across time (slope: 0.0417 × X − 0.2 ) and low variabil-
ity. Errors maintained at low levels once the data reached the floor of zero (slope: 
−0.0167 × X + 0.167 ) with almost no variability. The results of Chase’s social validity 

Fig. 4  Results for chase. Note Data for the transformation probes during Chase’s baseline (BL) and the 
comparison of the suggested and non-suggested interventions (comparison)
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probes are shown in Table 4. Chase rated the suggested intervention as more acceptable 
in both domains of intervention procedures and intervention effects.

Discussion

In this experiment, we taught a high school student to accurately complete high school 
level geometry. We used the ADC-B to identify the function(s) of Chase’s academic 
deficits and then used an adapted alternating treatments design to compare inter-
ventions suggested by the tool to those interventions not suggested by the tool. The 
interventions selected from the tool were more effective at both increasing correct 
responding and decreasing correct responding for high school level transformations. In 
addition, Chase completed a social validity questionnaire extremely favorably. He rated 
the suggested intervention procedures and effects with the highest score possible.

One limitation of this study is that we did not apply the most effective interven-
tion to other sets. We did this because the client wanted to work on other geometry 
tasks that more closely approximated what he was working on in math (translations 
was unit/module form earlier in the semester and he had already completed it). Thus, 
we were not able to ignore the client’s request for the benefit of obtaining a more rig-
orous design. We have no other reason to question the internal validity of the design; 
thus, the results can be interpreted as valid even without the replication to another type 
of transformation.

Even with the stated limitation, this experiment systematically replicated the results 
obtained in Experiment 1; the interventions selected based on the ADC-B were more 
effective than the non-suggested interventions and a control condition. More replica-
tions would further evaluate the validity of the tool. Because of this, we conducted 
another experiment in which we used the ADC-B to develop interventions for the spell-
ing skills of a 9-year-old boy with Specific Learning Disability.

Experiment 3

Method

Participant and Setting

Damon was a nine-year-old African American male who was in the 4th grade 
and spoke English as his primary language. He attended the local virtual univer-
sity clinic for assistance with spelling. Damon received special education services 
through the categorical label of Specific Learning Disability and received his edu-
cation in a general education classroom with pullout resource support for reading 
and testing with a special education teacher. The school he attended was a Title I 
school with 391 other students with 38% eligible for free lunch. His difficulties with 
reading and spelling were apparent as he tended to write letters out of order and 
struggled to discriminate between different letters. During work time, Damon often 
bounced in his seat, talked to himself, and made repetitive noises. However, these 
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instances of motor and vocal stereotypy did not distract him from his work during 
his academic clinic sessions. Damon attended all sessions via Zoom.

For Damon, we used a variety of materials from the “Spelling Mastery” direct 
instruction curriculum (Dixon et al., 2007) during the suggested interventions and 
probes. During the non-suggested intervention we used a 4th grade Dolch spelling 
word list from the Teaching Resource Center website (n.d.).

Design and Measurement

For Damon, we evaluated the effects using a multitreatment design (ABCBC; Gast 
et al., 2018) to evaluate the effects of the various interventions. Spelling is consid-
ered to be a non-reversible behavior that once learned is not easily forgotten. How-
ever, with only one participant and one target skill and one participant, a multiple 
baseline design was logistically impossible. Thus, we used trend and variability as 
our primary visual analysis tools rather than level. We hypothesized that if an inter-
vention did not work, that we would see a flat trend and variability. We hypothesized 
that if the intervention did work, that we would see an increasing trend and minimal 
variability.

With Damon’s spelling mastery probes, we counted the raw frequency of words 
spelled correctly (WSC) by marking each time Damon wrote the entire word exactly 
as it should be spelled. In addition, we calculated correct letter sequences (CLS) as 
a more sensitive measure of spelling improvement and used scoring as described in 
Hosp et al. (2007).

Fig. 5  Damon’s Academic Diagnostic Checklist results. Note The results of the Academic Diagnostic 
Checklist—Beta identifying which environmental factors may have been the function of Damon’s spell-
ing performance deficit
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Procedures

Baseline/Probes. With Damon we presented words one at a time and asked him 
to repeat the word. If he did not repeat the word correctly we used the word in a 
sentence then asked him to repeat the word again, until he said the correct word. 
Finally, we asked him to write the word. We continued to present words until we 
presented all 10 words in placement A. If Damon made 4 or less errors, we pre-
sented the words in placement test B in the same manner.

ADC-B Administration and Selection. For Damon, we did not have many records 
related to his history of spelling instruction. We collected the majority of the infor-
mation from interviews and direct observations of spelling. For direct observations, 
we asked Damon to write several grade-level spelling words to look for error pat-
terns. In addition, we probed prerequisite skills such as identifying letter-sound cor-
respondence. We conducted three interviews following this record review: one with 
Damon, one with Damon’s mother, and one with Damon’s teacher.

The results of the ADC-B (Fig. 5) suggested that lack of motivation (0%), lack 
of opportunities to respond (0%), and incorrect instructional hierarchy (0%) were 
not the environmental events responsible for the spelling deficit. Damon’s environ-
ment supported motivation through ample reinforcement for academic responding, 
and received daily, complete opportunities to respond, and his instruction correctly 
focused on spelling acquisition. Because of this, we selected both “multiple exem-
plar training” as a treatment package for the non-suggested intervention.

According to the results of the ADC-B, the environmental variables that con-
tributed to Damon’s struggles to learn multiplication were that he lacked assistance 
(50%), that the instructional materials were not adequate (100%) and that the task 
was too difficult for his current skill level (60%). The tool identified that he rarely 
received modeling for spelling. His instructional materials allowed him to respond 
in ways that did not use the skill of spelling and did not teach different examples of 
spelling rules. Lastly, he did not have the prerequisite skills needed for spelling (seg-
menting sounds, writing sounds, etc.). Because of this, we selected “direct instruc-
tion curriculum” as our treatment for the suggested intervention which also focuses 
on component/prerequisite skills. Table 3 provides more detailed descriptions of the 
suggested and non-suggested interventions for Damon and Supplementary File 2 
contains operational descriptions of the procedures.

Social Validity Measure

We used the same social validity measure described in experiment 1 to evaluate the 
social significance of the goals, interventions, and effects.

Results

The results of WSC baseline suggest a minimal increasing trend (slope: 
0.2 × X + 2.2 ) (see Fig. 6). Baseline resulted with low levels of correct responding 
with a mean of 2.8 WSC per session. Lastly, baseline resulted in moderate levels 
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of variability (range: 2–5). The more sensitive measure, CLS, also suggests similar 
results during baseline except the CLS baseline data had minimal decreasing trend 
( −0.4 × X + 34.6 ), steady correct responding (range: 31–38) with a mean of 33.40 
CLS per session.

Once we began with the non-suggested intervention, we noticed no significant 
change via visual analysis through WSC. We saw a small increase in the average 
WSC, with a mean of 3.2 per session. There was a decrease in variability (range: 
3–4) and a small decreasing trend (slope: −0.1 × X + 45 ). Visual analysis of CLS 
suggests the same. There was no increase in level with a mean of 34.60 CLS. In 
addition, the last three data points resulted in a decrease in CLS overtime (slope: 

Fig. 6  Results for Damon. Note Data for the spelling probes during Damon’s baseline (BL), the non-sug-
gested intervention (non), and the suggested interventions (suggest) evaluated through a ABCBC design
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−0.9 × X + 41.8 ) with minimal variability (range: 32–37). Overall, the non-sug-
gested intervention seemed to have no effect on spelling skills, so we introduced the 
suggested intervention.

Once we introduced the suggested intervention, there was a small increase in level 
by about one word for eight sessions. During sessions nine and ten, there was an 
abrupt increase in trend representing a delay in effect of the intervention. Overall, we 
saw an increase in WSC with a mean of 3.9. We saw stability across sessions (range: 
3–7) with a large increase in trend of the last two sessions (slope: 0.261 × X + .139 ). 
A similar pattern can be identified with CLS. With an overall mean of 34.5, we saw 
a steep increase in trend the last 2 sessions (slope: 0.745 × X + 22.9 ). CLS also iden-
tified stability across sessions (range: 31–43). In the last session of the suggested 
intervention, Damon met criteria to receive the placement test B spelling words 
which is only available if the student makes 0–4 errors on test A. Damon correctly 
wrote 24 CLS on this last probe for test B.

After researchers returned to the non-suggested intervention, the WSC dropped 
in level with a mean of 4.5 per session. In addition, response continued to decrease 
overtime during this condition (slope: −0.6 × X + 18) with minimal variability 
(range: 3–5). The CLS data suggest the same pattern. We saw an immediate decrease 
in CLS with a mean of 38. The CLS data continued to decrease overtime (slope: 
−.8 × X + 56,R2 = 0.25 ) with minimal variability (range: 35–40). During these 
probes, Damon never met the criterion to receive the test B word list.

Finally, upon the second introduction of the suggested intervention, Damon’s 
correct responding increased in level to a mean responding of 7.25 WSC with an 
increasing trend across sessions (slope: 0.2 × X − 2.8 ) (slope: 0.2*x + -2.8). Results 
of the CLS analysis show similar results with an increase in responding to 46.625 
with an increase across sessions (slope: 0.512 × X + 32 ). Damon met criteria to 
receive the set B test for every session in the second suggested intervention phase. 
We saw a steady increase in responding for set B CLS across time ( 0.624 × X + 11.1 ) 
with an average of 28.875 CLS (range: 25–32). The results of Damon’s social valid-
ity probes are shown in Table 4. Damon rated the suggested intervention as more 
acceptable in the area of procedures but rated non-suggested intervention as better in 
the domain of effects.

Discussion

In this experiment, we replicated the results of the previous experiments by using 
the ADC-B to determine possible interventions to remediate the spelling deficits of 
a nine-year-old. We validated the results of the ADC-B by using a single case design 
to compare the effects of an intervention suggested by the ADC-B to a tool non-sug-
gested by the ADC-B. The non-suggested intervention was ineffective at increasing 
spelling performance for Damon while the suggested intervention resulted in spell-
ing performance improvements.

We expected a delay in intervention due to the nature of the direct instruction 
program. During the first lessons of spelling mastery, the lessons focus on segmen-
tation, scanning, identifying spelled words, and identifying letters of the alphabet. 
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Although these skills are critical pivotal skills for a generalizable spelling reper-
toire, they are not likely to immediately result in increases in spelling immediately. 
Damon needed to first master the tool and component skills before he could put 
them together into the more complex composite skill of spelling.

We used the spelling mastery placement test to evaluate the effects of spelling 
mastery. Thus, one concern with this experiment is that the dependent and inde-
pendent measures were too interconnected and thus posed a threat to the external 
validity of the experiment. Some could suggest that the improvement on the place-
ment test of spelling mastery is due to the placement of test words being the same or 
similar to those practiced during the spelling mastery lessons. Although this is true, 
the generalization of the spelling repertoire Damon obtained during the suggested 
intervention (spelling mastery) can be seen through the improvement in test B per-
formance. The test B placement test contains a completely new set of words that are 
more difficult and correspond to the next book in the spelling mastery sequence. 
That is, the instruction from spelling mastery A lessons generalized to more difficult 
words without any explicit training on those words. These data provide preliminary 
evidence that the suggested intervention provided Damon with a generative spelling 
repertoire, which is one of the components of direct instruction (Watkins & Slocum, 
2004).

In order to continue to evaluate the generalizability of this tool, we conducted 
a final experiment in which we used the ADC-B to develop interventions for the 
reading comprehension skills of a ten-year-old boy with autism and a speech and 
language impairment.

Experiment 4

Method

Participant and Setting

Trent was a 10-year-old Caucasian male who was in 3rd grade and spoke English 
as his primary language. He was seen at the local university clinic to address defi-
cits in reading comprehension. He received special education services in a self-
contained/adapted curriculum classroom under the categorical label of Autism 
Spectrum Disorder and Speech/Language Impairment. Trent also received con-
sultative occupational therapy in the classroom as well as 1.5 h a week of small 
group speech and language services. He attended a rural elementary school with 
572 students, with 11% qualifying for free lunch. Trent inconsistently communi-
cated with two to three word phrases or small sentences to meet his basic wants 
and needs. Results of a speech and language evaluation conducted within the last 
two years report that he had significant delays in language skills, with scores from 
formal assessments falling in the 2nd percentile for receptive language and in the 
1st percentile for expressive language. In addition, Trent completed an assess-
ment within the last two years utilizing the Verbal-Behavior Milestones and 
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Placement Program (VB-Mapp). The results of this assessment indicate that he 
fell in the “Level 2” range of the VB-Mapp, indicating a developmental bracket 
of 18–30 months. Although Trent came to the clinic for assistance with reading 
comprehension, parent reports (and direct observation) suggest that reading was 
a personal strength for him. Specifically, he learned to decode and read fluently 
at a young age without any formal instruction. During the first observations in 
the clinic, Trent could read with a high percentage of accuracy and a high rate of 
fluency and scored 5/5 on both the reading and writing sections of the VB-Mapp 
assessment. Trent attended all sessions at a local university classroom.

For Trent, we used two 2nd grade-level proficient reading passages from the 
website easyCBM (n.d.) called “Feeding the Birds” (2.1) and “The Tea Party” 
(2.2). The passages consisted of narrative fictions approximately 500 words in 
length. At the end of each passage, there were 12 multiple choice (a–c) compre-
hension questions relating to the story. Seven of the questions intend to test “lit-
eral comprehension” while the other five test their “inferential comprehension.” 
In order to ensure the passages were of equal difficulty, we used the Readability 
Estimate Formulas offered through Intervention Central (n.d.) and demonstrated 
that both passages were similar in difficulty.

Design and Measurement

For Trent, we used an alternating treatments design (Wolery et al., 2018) with base-
line to evaluate the effects of the two interventions. We assigned each intervention 
to one passage to evaluate the cumulative effects of the intervention on those pas-
sages. Thus, each data point represents an additional exposure to the passage using 
the stated intervention.

Fig. 7  Trent’s Academic Diagnostic Checklist results. Note The results of the Academic Diagnostic 
Checklist—Beta identifying which environmental factors may have been the function of Trent’s reading 
comprehension performance deficit
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Lastly, for Trent’s reading comprehension, we counted a correct response as cir-
cling an answer that aligned with the answer key provided by easyCBM (n.d.) and 
an error as circling any other response. Using these responses, we calculated a per-
centage accuracy for both inferential and literal comprehension questions.

Procedures

Baseline/Probes. For Trent we presented easyCBM passage and questions. We 
started by providing the specific rules and the directions. We used prompts to ensure 
he continued to read the passage but did not provide prompts or assistance for 
answering the comprehension problems correctly. We allowed him to take three to 
five minute breaks with toys after every one to three paragraphs to prevent problem 
behavior evoked by long task durations.

ADC-B Administration and Selection. We first interviewed Trent’s mother, 
teacher, and speech therapist, and conducted a record review consisting of work 
materials, assessment results, and his IEP. In addition, we directly observed his 
reading on various tasks and levels in the clinic prior to baseline. The results of 
the ADC-B (Fig.  7) suggested that incorrect instructional hierarchy (0%) was not 
a problem because Trent’s teachers focused on the acquisition phase of the instruc-
tional hierarchy, which is where he needed practice. In addition the instructional 
materials (0%) were not the environmental events responsible for the comprehension 
deficit because they provided various examples and non-examples and allowed him 
various ways to respond that paralleled reading comprehension in the real world. In 
other words, Trent’s teachers used materials that were well designed to require the 
use of reading comprehension. Because of the results of this tool, we selected both 
“problem solving” as a treatment for the non-suggested intervention, which focused 
on the incorrect sequence of the instructional hierarchy (adaptation).

The results suggested that lack of motivation (50%) was a problem, because 
he avoided reading comprehension. In addition, lack of opportunities to respond 
(60%) and lack of assistance (50%) were two areas of concern because Trent did 
not complete learning trials and did not receive prompts. Lastly, the tool suggested 
unmatched difficulty as a major factor (80%) for his academic deficit because he did 
not have the prerequisite language skills. Based on these results, we chose to address 
the “unmatched difficulty” by teaching prerequisite (language) skills and breaking 
up the readings into smaller sections.

Following minimal progress with either intervention package, we added “contin-
gent reinforcement” to the suggested intervention package. In order to balance out 
any effects of receiving feedback (reinforcement when correct), we also enhanced 
the non-suggested intervention by including “feedback” as part of the package. 
Table  3 provides more detailed descriptions of the suggested and non-suggested 
interventions for Trent and Supplementary File 2 contains operational descriptions 
of the procedures.
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Social Validity Measure

We used the same social validity measure described in experiment 1 to evaluate the 
social significance of the goals, interventions, and effects.

Results

The data for Trent’s reading comprehension performance are shown in Fig. 8. Dur-
ing baseline with the non-suggested passage, Trent answered 57.41% of the literal 
questions correctly and only 40% of the inferential questions correctly. The baseline 
data for the suggested passage were reversed with Trent answering 28.57% of the lit-
eral questions and 60% of the inferential questions correctly. The baseline data sug-
gest that even though the passages were of equal difficulty, Trent’s baseline perfor-
mance with those passages differed. This difference was likely due to the placement 
of the correct answers as Trent tended to circle “A” when he guessed. Regardless, 
Trent answered neither of the passages at a mastery level and thus the results of both 
passages represented areas of improvement for Trent’s reading comprehension.

Upon introduction of the suggested and non-suggested interventions, we saw a 
small decrease in performance in literal questions for both the non-suggested and 
suggested interventions. Trent’s performance on the passage assigned to the non-
suggested intervention dropped to an average of 47.62% (range: 42.86–57.14%). 
Similarly his performance on the passage corresponding to the suggested inter-
vention dropped to an average of 19.05% (range: 14.29–28.57%). Although the 
non-suggested intervention data were higher in level than the suggested, both 
dropped in performance from baseline. The data for inferential questions show 
the same results. Trent’s performance on the non-suggested passage dropped to 
an average of 46.67% (range: 20–60%) and his performance on the suggested pas-
sage dropped to an average of 46.67% (range: 40–60%). The overlap between the 
suggested and non-suggested inferential questions was high with no discernible 
difference.

Because we saw no improvement for either intervention, we enhanced both the 
suggested and non-suggested intervention and then continued the evaluation. There 
was no discernible change in correct inferential responding following the enhance-
ment of the treatments. The data for both the suggested and non-suggested contin-
ued to be lower than baseline with high variability. Specifically, the suggested inter-
vention resulted in an average of 40% correct responding (range: 20–60%), while the 
non-suggested intervention resulted in 35% correct responding (range: 20–50%). For 
the literal questions, we saw a 4.76% increase in performance for the non-suggested 
intervention to an average of 61.90% (range: 57.14–66.67%). These data should be 
interpreted with caution because the first non-suggested session evoked problem 
behavior when we told Trent “that’s not the right answer” that was extreme enough 
to warrant ending the session early (after 8 problems instead of 12). It is unclear if 
the results would still be higher had Trent finished the last four problems.

Because we saw no significant increases following 5 exposures to two different 
teaching methods we decided to conduct an error analysis of the results. It became 
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clear from the error analysis that Trent was selecting the letter A the majority of the 
time. Across baseline, the suggested intervention, and the non-suggested interven-
tion, Trent selected the letter “A” as his answer choice 76.64% of the time. Because 
of the results and the error analysis suggested little progress with Trent through-
out the comparison and because one of the sessions evoked problem behavior, we 
stopped the comparison and chose to instead spend our clinical time focusing on 
developing language skills.

Discussion

The results of Trent’s assessment suggest that neither the suggested nor the non-
suggested intervention resulted in great improvements in reading comprehension. 

Fig. 8  Results for Trent. Note Data for the literal and inferential comprehension probes during Trent’s 
baseline (BL), the non-suggested intervention (non), and the suggested interventions (suggest), and an 
enhanced suggested intervention evaluated through a multi-element design
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Therefore, it is possible that the ADC-B did not provide valid intervention sugges-
tions to address the reading comprehension problem. One could argue that this pro-
vides evidence against using this indirect assessment for individualized intervention 
selection. We suggest that a more likely explanation can be found in the nature of 
the academic deficit.

In this case, the tool identified that Trent did not have the language repertoire 
necessary to be able to succeed in reading comprehension. Thus, we selected an 
intervention intended to teach relevant vocabulary in an attempt to address the lack 
of prerequisite skills. Standardized assessment results determined that Trent was in 
the 1st–2nd percentile for language skills. In addition, he had received speech and 
language therapy services for the past eight years. It is unlikely that such a severe 
speech and language deficit, resistant to years of speech and language intervention 
would be susceptible to improvement during a brief adapted alternating treatment 
design. Thus, it is possible that the tool did identify the correct function of Trent’s 
reading comprehension deficit, but that the deficit was not susceptible to change dur-
ing a brief experimental analysis.

General Discussion

We developed the Academic Diagnostic Checklist-Beta (ADC-B) in the hopes that 
this tool could serve as a direct and indirect assessment for practitioners to be able to 
select functionally matched individualized academic interventions. In order to eval-
uate the validity of the tool for identifying the correct function and correspondingly 
effective interventions, we validated information provided by the tool by comparing 
interventions suggested by the tool (indicated and functionally matched) to the inter-
ventions not suggested by the tool (contraindicated and functionally mismatched). 
If the suggested interventions increase performance more than the non-suggested 
intervention, we could assume that the tool correctly identified the function of the 
academic deficit. This model of tool validation through comparing interventions has 
been used with other assessments focused on functional relations between behavior 
and environment (Wilder et al., 2020).

In this study, we evaluated both the (1) process validity (ability to differentiate 
environmental factors responsible for the academic deficit) and (2) treatment utility 
(ability to suggest interventions that help to remediate the academic deficit). If these 
two requirements were met, this direct and indirect assessment could serve as a pow-
erful tool for teachers and academic specialists for remediating children’s academic 
deficits in school.

Firstly, it is clear that the tool was able to (1) differentially identify areas of envi-
ronmental concern. The tool did not suggest all six domains as an area of environ-
mental concern for any participant. In addition, the tool was able to identify at least 
one area of concern for every participant. Lastly, for all four participants, the tool 
identified one primary area of concern. Thus, it is clear that the tool is able to dif-
ferentially suggest areas of environmental concern.

The tool also proved useful in (2) suggesting interventions to help remediate 
specific academic interventions. When we comparatively evaluated interventions 
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suggested and non-suggested by the tool, the interventions suggested by the tool 
were the most effective intervention for three of the four participants. For Trent, the 
fourth participant, neither intervention (suggested or non-suggested) was successful 
at remediating his reading comprehension deficit. In addition, both Anna and Chase 
rated the suggested intervention as more preferable in both domains of intervention 
procedures and intervention effects. Damon rated the suggested intervention proce-
dures as more acceptable. Although he rated the effects of the non-suggested inter-
vention better, the data suggest that the suggested intervention was more effective.

Limitations

The use of experimental design as our only measure of tool validation is one limi-
tation of this study. Not all academic skills will increase in the context of brief 
experimental manipulation and may require much longer durations of intervention 
prior to performance increasing. For example, the results of Trent’s assessment sug-
gest that neither the suggested nor the non-suggested intervention resulted in great 
improvements in reading comprehension. In reality, it is possible that the tool cor-
rectly identified the environmental cause of the academic deficit: that he did not 
have the prerequisite language skills required for reading comprehension. Stand-
ardized assessment results determined that Trent was in the 1st–2nd percentile for 
expressive and receptive language. In addition, he had received speech and language 
therapy services for the past eight years. It is unlikely that such a severe speech and 
language deficit, resistant to years of speech and language intervention would be 
susceptible to improvement during a brief adapted alternating treatment design. 
Thus, although the suggested intervention (nor non-suggested) did not work within 
the context of the experimental design that does not mean it may not have worked in 
a longer application of the intervention (across months or years).

Another limitation is that we did not evaluate the technical adequacy (McIntosh 
et al., 2008) of the tool beyond process validity, treatment utility, and IOA. Without 
evaluation of test-retest reliability, interrater reliability, content validity, convergent 
validity with brief experimental analyses, and social validity of the tool itself, it is 
difficult to determine the true reliability and validity of the ADC-B.

Lastly, the scope of this evaluation may be too broad to yield specific information 
regarding what types of students/domains for which the tool is most likely to sug-
gest matched interventions. Because we evaluated four different domains, this study 
provides limited opportunities for inter-participant replication within the selected 
domains. For example, although we found a suggested intervention or Anna’s mul-
tiplication deficit, it is unclear if for another student focusing on multiplication, 
the tool might recommend the same or similar intervention. Had we evaluated one 
dependent variable with various students (i.e., decoding CVC words), we would be 
better equipped to evaluate the predictive validity of the tool at determining func-
tionally matched interventions.
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Future Directions

The process of experimentally testing each function individually (Wagner et  al., 
2006) can be time-consuming and cumbersome. Just as indirect assessments have 
helped to enhance functional analyses in other areas such as problem behavior (Han-
ley, 2012) and staff performance deficits (Carr & Wilder, 2016; Carr et al., 2013), 
we believe direct and indirect assessments such as the ADC-B can help to make the 
selection of individualized academic deficits more efficient.

Future researchers should continue to systematically replicate this tool evaluation. 
One example may be to conduct a brief experimental analysis of all of the different 
functions and compare the results to the suggestions provided by the tool. In addi-
tion, future researchers should evaluate if there are differences in the efficacy of the 
tool with different academic domains. For example, it is possible that the tool may 
be better equipped to identify interventions for basic math interventions than reading 
interventions. If researchers were to conduct the ADC-B with several students while 
focusing on one dependent variable, this information would help to better evaluate 
the predictive validity of the tool. In addition, although we conducted reliability 
checks with high agreement between raters, we did not conduct full psychometric 
analyses. Future research should continue to evaluate the psychometric properties 
and technical adequacy of the ADC-B.

Pending future successful replications, this tool could provide a method for which 
to embed more targeted intervention into MTSS prior to recommendation for special 
education for students who are struggling academically. For example, when a child 
is engaging in problematic behavior that is not remediated through Tier 1 interven-
tions, functionally arbitrary interventions such as check-in-check-out or behavioral 
contracts are utilized for Tier 2 (Dunlap et al., 2010). Should these Tier 2 strategies 
be unsuccessful, a functional behavior assessment is implemented to create a more 
individualized program for the child prior to referring to special education (Dun-
lap et al., 2010). This tool allows a parallel for academic instruction: Should Tier 1 
strategies be ineffective, schools can attempt functionless Tier 2 strategies such as 
small group instruction with evidence based programs (Brown-Chidsey & Steege, 
2010). If those strategies are ineffective, then teachers can run a functional assess-
ment of the academic deficit using a combination of this tool and AEA for one last 
attempt at remediation prior to referring a student for special education services.

Applying the ADC-B as a later step in an MTSS model is consistent with the 
aims of MTSS, as a tiered system of service delivery functions by concentrating the 
highest intensity resources for the students with the greatest need. For example, not 
all students can receive a FA of problem behavior due the constraints of the school 
resources, thus it is reserved for those who have not demonstrated progress with Tier 
1 and Tier 2 strategies. The same case can be made for academic failure; not all 
students can receive an academic experimental analysis and thus it may be used for 
those who have not shown progress with Tier 1 and Tier 2 strategies.

We do not believe that the ADC-B is the only assessment that can be used to 
determine environment-learning relations responsible for academic deficits. In 
fact, although they do not use the word function, we know of some other assess-
ment models that look at the “functions” of academic deficits. For example, the 
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Functional Assessment of Academic Behavior (Ysseldyke & Christenson, 2002) is 
one tool that, with major adaptations, could identify possible factors responsible for 
academic deficits. Although, it has not yet been validated for this purpose. Other 
practitioners and researchers may see the ADC-B and identify areas of adaptation. 
Similar to the manner in which the PDC contains several iterations (human service 
version, parent version), we believe that there could be certain skills (such as read-
ing) that may benefit from its own academic diagnostic checklist. We encourage 
researchers to systematically replicate the ADC-B including modification that may 
enhance its applicability.

All students, even those whose deficits are resistant to common educational inter-
ventions, have a right to effective education (Barrett et al., 1991). This study con-
tains a tool that recommends individualized academic interventions based on the 
likely environmental causes for the academic deficit. Although Daly et  al. (1997) 
created the “functions of academic deficits,” this work has largely been untouched 
by practicing behavior analysts and school psychologists since its introduction. We 
believe this tool extends the work of Daly et al. and pushes the field one step closer 
to functional approaches to academics.
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