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Abstract

Evidence-based assessment (EBA) requires that investigators employ scientific theories and
research findings to guide decisions about what domains to measure, how and when to measure
them, and how to make decisions and interpret results. To implement EBA, investigators need
high-quality assessment tools along with evidence-based processes. We advance EBA in three
sections in this article. First, we describe an empirically grounded framework, the Operations
Triad Model (OTM), to inform EBA decision-making in the articulation of relevant educational
theory. Originally designed for interpreting mental health assessments, we describe features
of the OTM that facilitate its fusion with educational theory, namely its falsifiability. In turn,
we cite evidence to support the OTM'’s ability to inform hypothesis generation and testing,
study design, instrument selection, and measurement validation. Second, we describe quality
indicators for interpreting psychometric data about measurement tools, which informs both
the development and selection of measures and the process of measurement validation.
Third, we apply the OTM and EBA to research in special education in two contexts: (a) empirical
research for causal explanation and (b) implementation science research. We provide open data
resources to advance measurement validation and conclude with future directions for research.
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standardized tools to measure accuracy and
speed in academic skills (Deno, 1985; Hosp
et al., 2016); curriculum-based assessment,
which requires a review of results using
those tools alongside a review of extant data
and contexts for measurement (Hosp et al.,
2014); and curriculum-based evaluation,
which is a broad, systematic approach to
using multiple sources of data collected from
tools meeting psychometric thresholds in the
context of knowledge about how children
learn (American Educational Research
Association [AERA], 2014; Hosp et al.,
2014). Similarly, scholars in implementation
science leverage EBA principles to develop
tools that estimate intervention fidelity in
context, with a goal of promoting the use of
evidence in routine practice across diverse set-
tings (Cook & Odom, 2013; Odom et al.,
2020). EBA thus entails a comprehensive
approach to the application of both theory
and psychometrics in the education sciences
in order to inform EBPs, resulting in an inte-
grated approach to the use of evidence
(Podsakoff et al., 2012; Youngstrom et al.,
2017). EBA includes evidence-based tools
for measurement, processes germane to
testing the interpretation of scores and their
relevance according to theory and research
(i.e., measurement validation), and the imple-
mentation of those tools with diverse stake-
holders in applied settings (AERA, 2014;
Borsboom et al., 2004; Hunsley & Mash,
2007; Shear & Zumbo, 2014). Decision-
making in assessment is central to the EBA
process, equal in importance to the develop-
ment and application of tools with strong psy-
chometric characteristics (AERA, 2014).
Scholars in special education research
share a core set of “best practices” in assess-
ment, namely, use of multimethod, multi-
source,  multidomain  approaches  to
understand, measure, collect, and interpret
data (e.g., Gersten et al., 2005; Hosp et al.,
2014; Hunsley & Mash, 2007; Individuals
With Disabilities Education Improvement
Act, 2004). This approach addresses chal-
lenges with educating students with disabil-
ities, given their diverse needs (e.g., social,
emotional, and behavioral health; academic
performance; Endrew F. v. Douglas County

School District, 2017). Within this approach,
investigators gather, interpret, and use evi-
dence from multiple data sources, including
parents, teachers, trained observers, and
youth (De Los Reyes, 2011) as well as mul-
tiple, diverse measures of academic achieve-
ment (AERA, 2014).

Within EBP in special education and allied
fields (e.g., medicine, education, clinical and
school psychology), research in assessment
has not kept pace with research on interven-
tions (Jensen-Doss, 2011; Jensen-Doss &
Hawley, 2010; Straus et al., 2019). Driven
by federal law and policy, researchers in
special education have devoted considerable
attention to research in EBPs, establishing
quality indicators and addressing their appli-
cation to implementation science (Cook &
Odom, 2013; Odom et al.,, 2020). The
Council for Exceptional Children (CEC) has
established standards for EBPs in special edu-
cation (CEC, 2014), with researchers having
previously established guidelines for deter-
mining them (Cook et al., 2009). Several of
these pieces (CEC, 2014; Cook et al., 2009;
Gersten et al., 2005; Thompson et al., 2005)
have referenced psychometric criteria for
evidence-based assessment tools. However,
none have outlined a comprehensive approach
to employing EBA processes for special edu-
cation. This approach ought to include not
only conceptually grounded and evidence-
based guidelines relevant to developing and
selecting psychometrically robust tools
(Podsakoff et al., 2012), but also practices
relevant to interpreting and integrating the pat-
terns of scores produced by these tools (De
Los Reyes & Epkins, 2023).

Research in assessment has not kept
pace with research on interventions.

In the absence of empirical guidelines from
the field, government agencies such as the
U.S. Institute of Education Sciences (IES)
have stepped in to fill the void, particularly
with regard to providing guidance in the iden-
tification of outcome measures (see Schneider,
2020; U.S. Department of Education, 2022a,
2022b). In its Standards for Excellence in
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Education Research (SEER), the IES has
issued broad guidance that, on the surface,
appears to be well aligned with EBA, advising
researchers to “examine both the immediate
impact of their intervention on outcomes of
interest as well as its impact on relevant
distal outcomes and the potential that initial
impacts may fade over time” (U.S.
Department of Education, 2022a). Yet, the dir-
ector of the IES (Schneider, 2020), the SEER
standards (U.S. Department of Education,
2022a), and the What Works Clearinghouse
(WWC; U.S. Department of Education,
2022b) have issued narrow guidelines, advis-
ing education researchers to use “common
outcome measures with name recognition” to
determine the effectiveness of interventions
(Schneider, 2020) and avoid selecting
outcome measures that are “overaligned”
with interventions (U.S. Department of
Education, 2022a, 2022b). This narrow piece
of guidance from the IES appears to have
been issued outside of the broader context of
EBA, wherein appropriate outcome measures
would be identified in the context of theory
on the EBA decision-making process as well
as findings from EBA-informed measurement
validation studies (AERA, 2014; Borsboom
et al., 2004; Hunsley & Mash, 2007; Kazdin,
2016; Podsakoff et al.,, 2012; Shear &
Zumbo, 2014). That is, the validity of a
given instrument does not exist in isolation
but instead resides squarely in the measure-
ment context, which includes the purpose of
assessment; such as screening, diagnosis, pro-
gress monitoring, and intervention decision-
making (AERA, 2014; Youngstrom et al.,
2017). Thus, evaluating tools for their pro-
posed uses with empirical validation must
play a central role in the EBA process in edu-
cation research (AERA, 2014; Kazdin, 2016).
Importantly, beyond this guidance, the field
lacks procedures for interpreting and integrat-
ing data produced across tools used in com-
prehensive assessments (see also Beidas
et al., 2015; De Los Reyes et al., 2019).

To address this crucial need for guidance,
we provide conceptual and empirical direction
for EBA in special education research. Our
guidance is framed by research in the educa-
tion (AERA, 2014; U.S. Department of

Education, 2013, 2022a, 2022b) and psycho-
logical sciences (American Psychological
Association, 2021; De Los Reyes & Langer,
2018; Kazdin, 2016; Hunsley & Mash, 2007;
Youngstrom et al., 2017) and is presented in
three sections. First, we describe an empiric-
ally grounded framework, the Operations
Triad Model (OTM), to inform EBA decision-
making in the articulation of relevant educa-
tional theory. We describe features of the
OTM, which was originally designed for inter-
preting mental health assessments, that facili-
tate its fusion with educational theory,
namely its falsifiability. In turn, we cite evi-
dence to support the OTM’s ability to inform
hypothesis generation and testing, study
design, instrument selection, and measure-
ment validation. Second, we describe quality
indicators for interpreting psychometric data
about measurement tools, which informs
both the development and selection of mea-
sures and the process of measurement valid-
ation. Third, we apply the OTM and EBA to
research in special education in two empirical
contexts: (a) empirical research for causal
explanation and (b) implementation science
research. We provide open data resources to
advance measurement validation research
and conclude by providing future directions
for research.

To addpress this crucial need for
guidance, we provide conceptual and
empirical direction for EBA in special

education research.

Conceptual and Empirical
Framework for EBA

As a framework for interpreting multivariate
patterns of measurement outcomes, the
OTM’s value lies in two characteristics. The
first is its falsifiability. The second is its flexi-
bility for guiding the EBA process in the
context of relevant educational theory and in
a way that traverses diverse areas of special
education research (e.g., language, reading,
writing, mathematics, executive functioning,
and mental health; see Table Al in the
online supplemental materials). By design,
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the multivariate nature of assessment in educa-
tion presents various complexities with using
data to make precise, accurate decisions rele-
vant to student learning and learning out-
comes. Yet, investigators have little guidance
about how to interpret and integrate data
derived from this approach (Achenbach,
2020; Beidas et al.,, 2015). Consequently,
many investigators currently use analytic
models that are inconsistent with an emerging
body of work on use of this approach across
the social sciences, including in education
(De Los Reyes et al., 2019; De Los Reyes,
Talbott, et al., 2022; De Los Reyes, Tyrell,
et al.,, 2022; Talbott et al., 2021). That is,
since the 1950s, researchers have sought con-
vergence in the data they collect to measure
diverse domains using multiple methods and
data sources (i.e., converging operations;
Campbell & Fiske, 1959; Garner et al,
1956). A key assumption underlying an
emphasis on convergence is that when data
do not converge—when data produce discrep-
ant estimates—this signals instances in which
data lack meaning and thus cannot inform our
understanding of education-relevant domains
(see also De Los Reyes, Tyrell, et al., 2022).
This is a key assumption, particularly in
light of the data conditions that typify educa-
tion research.

For example, data from studies conducted
over the past 60 years of educational and psy-
chological research make clear that multiple
data sources (e.g., survey reports from
parent, teacher, and youth informants; system-
atic direct observations; academic achieve-
ment tests; researcher-designed outcome
measures; curriculum-based measures) are
likely to provide conflicting estimates of
child and adolescent behavior and academic
performance. As evidence of this notion, we
present in Table Al results of meta-analytic
reviews across a host of education-relevant
domains. The data sources used to estimate
these domains include multi-informant
ratings of youth behavior as well as youth
scores on various outcome measures (i.e., lan-
guage, reading, writing, mathematics, execu-
tive functioning, and mental health). Across
these meta-analyses, correspondence among
scores taken from the various data sources

(e.g., as indexed by Pearson r correlations)
range from nearly O to nearly 1.00 (see
Table Al). Importantly, two characteristics
of the research on these low correspondence
levels among sources indicate that they
contain data that actually inform our under-
standing of education-relevant domains.
First, low correspondence among sources
cannot be explained away by the lack of psy-
chometric rigor inherent in the instruments
used to collect data. In fact, low correspond-
ence occurs even when measures used are psy-
chometrically sound and meet quality
indicators. This suggests that measurement
confounds—irrelevant variance in score esti-
mates, such as rater bias or random error—
do not fully explain low correspondence
(Achenbach, 2011; Dirks et al., 2012).
Second, over 15 years of carefully con-
trolled studies demonstrate the discrepant esti-
mates revealed in low correspondence rates
often reflect domain-relevant information. By
“domain-relevant information,” we mean
meaningful variations in youth behavior and
performance and thus data that inform our
understanding of measured domains (De Los
Reyes, Talbott, et al., 2022; De Los Reyes,
Tyrell, et al., 2022; Lerner et al., 2017;
Talbott & De Los Reyes, 2022). For
example, in the area of measurement in early
reading, researchers frequently combine the
two foundational skills of word recognition
(word pronunciation and decoding) when in
fact the two are independent domains, particu-
larly among readers with dyslexia (Castles &
Coltheart, 1993; Kearns et al., 2019).
Despite these findings, this emerging work
on discrepant estimates has yet to meaning-
fully inform education research and theory.
As evidence of this, consider that to this day,
researchers often “reconcile” discrepant esti-
mates using analytic models (e.g., combin-
ational algorithms, composite scores, primary
and secondary outcome measures; structural
models) or measurement techniques (e.g.,
tests of measurement invariance) that empha-
size converging data and assume the discrep-
ancies reflect measurement confounds (e.g.,
see Bauer et al., 2013; De Los Reyes, 2011;
De Los Reyes & Epkins, 2023; Martel et al.,
2021; Olino et al., 2018; Watts et al., 2022).
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This historic emphasis on convergence in
assessment (e.g., the IES’s recent call for the
use of common outcome measures) has
created barriers to the advancement of EBA.
In particular, we see an absence of guidance
to researchers who seek an ‘“‘appropriate
balance between measures closely aligned
with an intervention and those of generalized
performance” (Gersten et al., 2005, p. 151),
particularly for those who seek to select mea-
sures designed to assess near transfer, mid-
transfer, and far transfer of skills (Clemens
& D. Fuchs, 2022). In fact, this emphasis on
convergence appears misaligned with an indi-
vidualized, precise approach to EBA and EBP,
long-standing hallmarks of special education
research (i.e., White, 1986). In these respects,
the emphasis on convergence is likely to
create barriers in implementation of EBA
and EBP with diverse communities of learners
if (a) the goal is for all students to achieve a
single, elusive outcome on a particular assess-
ment and (b) EBA and EBP are not adapted
and delivered in partnership with key stake-
holders (see also Baumann & Cabassa, 2020;
von der Embse & De Los Reyes, 2023).

Taken together, the history of work on dis-
crepant estimates involves researchers charac-
terizing all of these discrepancies as
measurement confounds and thus barriers to
sound decision-making. Yet, the empirical
work suggests otherwise—that there are
times when these discrepant estimates
contain valuable data. Education researchers
require an approach to empirically detect
these exact forms of discrepant estimates—
those that reveal opportunities to improve
the utility of assessment within the systematic
intervention process (De Los Reyes, Talbott,
et al., 2022; Talbott & De Los Reyes, 2022).
To this end, we describe the OTM, a concep-
tual and empirical approach that allows
researchers to distinguish domain-relevant
discrepant estimates from those discrepancies
that reflect measurement confounds.

o™

As an approach to EBA, the OTM articulates
three combinations of multivariate patterns
of findings that commonly occur in social

science research accompanied by their under-
lying meaning (De Los Reyes et al., 2013; see
Figure Al in the online supplement illustrat-
ing the OTM). The OTM is designed to aid
investigators as they articulate the relevant
educational theory and identify prior empirical
research that drives the development of their
research hypotheses and selection of mea-
sures. This relevant theory should also guide
the measurement validation process (AERA,
2014; Kazdin, 2016; Podsakoff et al., 2012),
which is closely associated with the quality
indicators for measurement tools in Table A2
of the online supplemental materials. We
have provided a graphical depiction of the lin-
kages among the OTM, relevant theory,
quality indicators, and measurement valid-
ation research in Figure A2. Evidence of the
considerable heuristic value of the OTM
comes from prior applications of the frame-
work and the corresponding study of domain
relevance in the discrepant estimates produced
within a variety of assessment scenarios. This
work represents a diverse set of areas, includ-
ing (a) youth mental health (De Los Reyes
et al., 2015), (b) special education (De Los
Reyes et al., 2019; Talbott & De Los Reyes,
2022), (c) attention deficit hyperactivity dis-
order (Tamm et al., 2021), (d) autism spec-
trum disorder (ASD; Lerner et al., 2017), (e)
implementation science (De Los Reyes,
Talbott, et al., 2022), (f) physiological func-
tioning (De Los Reyes et al., 2020; De Los
Reyes & Aldao, 2015), (g) family functioning
(De Los Reyes & Ohannessian, 2016), and (h)
adult mental health (De Los Reyes & Makol,
2022). The OTM facilitates interpretation of
results when data sources agree (converging
operations) or disagree (diverging operations
or compensating operations). The principle
of converging operations—if not the term
itself—describes many researchers’ orienta-
tion toward interpretation of multimodal
measures. Researchers with a converging-
operations orientation test hypotheses (e.g.,
whether a special education intervention
program is effective) and evaluate them
using multiple measures aligned with the
hypothesis, with the understanding that all
measures used should point to the hypothe-
sized conclusion (e.g., each source used to
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estimate outcomes indicates that the interven-
tion is efficacious).

If researchers adhere to the principle of
converging operations, they are likely to
treat discrepant findings as evidence against
the value of their hypotheses or about the
quality of their measures (e.g., random error,
rater bias; Watts et al., 2022). The concern
about such interpretations is that discrepant
patterns of performance on multiple methodo-
logically distinct measures within the same
domain may provide information about the
relation between domain-relevant learner
characteristics (e.g., the contingencies that
elicit their needs for services) and performance
on the assessment or response to instruction.
In short, converging-operations interpretations
provide an incomplete account of all possible
multivariate outcomes, particularly in research
areas where discrepant outcomes commonly
occur (see Table Al).

Within the OTM, there is an understanding
that not only might discrepant outcomes com-
monly occur but they also are not all created
equal. Diverging operations characterizes
those discrepant estimates that reflect domain-
relevant phenomena, such as the measured
domain varies across contexts or reflects the
idea that social environments vary in their cap-
acities to influence the behaviors being mea-
sured (e.g., parent report of home behavior
vs. teacher report of school behavior).
Conceptually, discrepant estimates reflecting
diverging operations are distinguishable from
compensating  operations. Compensating
operations reflect discrepant estimates that
stem from artifactual characteristics of the
measurement process, including (a) measure-
ment confounds noted previously (e.g.,
random error, rater biases), (b) tools used to
assess the domain do not meet adequate psy-
chometric standards (AERA, 2014), (c) high-
quality tools have been administered incor-
rectly, and (d) current findings indicate the
need for additional research with the use of a
particular high-quality tool.

Falsifiability of the OTM and Empirical Support.

The OTM conceptualizes discrepant estimates
using concepts beyond that of converging
operations. In this respect, it is important to

consider a key idea, namely, that the OTM’s
notions about discrepant estimates are, by
design, falsifiable. That is, diverging opera-
tions and compensating operations are distin-
guishable in that each concept characterizes
discrepant estimates in fundamentally differ-
ent ways. If one concept characterizes discrep-
ant estimates as relevant, whereas another
concept characterizes these same discrepan-
cies as irrelevant, then the means for empiric-
ally adjudicating this distinction falls squarely
within the purview of measurement valid-
ation. A core principle of measurement valid-
ation involves testing relations between scores
taken from instruments undergoing evaluation
and scores taken from well-established,
domain-relevant validity criteria. If an index
of discrepant estimates relates to a domain-
relevant validity criterion, then it can no
longer be considered irrelevant. Particularly
powerful demonstrations come from not only
demonstrating these links between discrepant
estimates and validity criteria but also doing
so when using criteria that are untethered in
instrumentation or in a way that avoids
shared method biases (see De Los Reyes
et al., 2023).

Along these lines, there exists a wealth of
empirical support for the OTM’s contention
that not all discrepant estimates are created
equal. We graphically depict this support in
Figure A3 in the online supplemental
materials. As depicted in Figure A3, several
characteristics of this evidence enhance the
interpretability of the findings. In particular,
studies have demonstrated links between dis-
crepant estimates and criterion variables
using multiple measurement modalities. This
rules out the possibility that shared-method
biases explain the findings (see Garb, 2003).
Further, links between discrepant estimates
and domain-relevant validity criteria exist
across multiple education-relevant domains,
including psychosocial difficulties and
strengths, as well as areas of psychosocial
impairment or life interference (e.g., parent-
ing, family relationships). In fact, this empir-
ical support recently culminated in an
extension of the OTM—classifying observa-
tions necessitates theory, epistemology, and
testing (CONTEXT)—that instantiates its key
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principles in a measurement validation para-
digm. As a validation paradigm, CONTEXT
advances beyond traditional paradigms (i.e.,
Campbell & Fiske, 1959) in that it guides the
construction of validation studies that are
capable of detecting domain-relevant data
when findings converge (i.e., converging
operations) but also when they meaningfully
diverge (i.e., diverging operations). Recent
work provides a full description of this para-
digm (De Los Reyes et al., 2023).

Domains to Probe for Empirical Evidence
of Diverging and Compensating
Operations

The falsifiability of the OTM lends itself well
to use in hypothesis generation and testing
across special education. Along these lines,
we highlight two such areas for further explor-
ation, one in which the discrepant estimates
may very well reflect diverging operations
and one in which the discrepant estimates
might be parsimoniously explained by com-
pensating operations.

The falsifiability of the OTM lends itself
well to use in hypothesis generation and
testing across special education.

Empirical Example of Diverging Operations.

Despite an emphasis on convergence, discrep-
ant estimates are prevalent across domains in
special education research (as seen in
Table Al) and are thereby worthy examples
for empirical exploration. For example, in a
meta-analysis, Garcia and Cain (2014) identi-
fied nearly 700 correlations between measures
of decoding and reading comprehension
ranging from 0 to .96. In exploring the
domain relevance of these discrepant esti-
mates, they found that student age and listen-
ing comprehension skills were significant
moderators of the relationship. In addition,
characteristics of the measurement process
also acted as significant moderators, including
how decoding was assessed (i.e., whether stu-
dents had help with decoding or the text was
read aloud; Garcia & Cain, 2014). Their ana-
lysis of these discrepant estimates indicated

both domain relevance (i.e., within the
simple view of reading; Hoover & Gough,
1990) and a clear contribution of measurement
characteristics in assessing those domains
(Garcia & Cain, 2014).

Empirical Example of Compensating Operations. If
assessment designs are not conducive to
meaningfully interpreting discrepancies, then
compensating  operations might apply,
namely, discrepant estimates that reflect meas-
urement confounds. Ledford and colleagues
(2015) provide an example of these con-
founds. In this study, the authors analyzed
variation in findings in single case design
research (SCD) associated with different
interval-based recording systems employed
to estimate behavior: (a) momentary time sam-
pling, (b) partial interval recording (PIR), and
(c) whole interval recording (WIR). Ledford
and colleagues identified potential measure-
ment confounds in the application of these
methods, where PIR was likely to overesti-
mate the occurrence of behavior, even as
WIR methods were likely to underestimate
actual behavior occurrence (Ledford et al.,
2015). The result of these particular measure-
ment confounds may be an overestimate of
intervention effects, leading to Type I errors
in the identification of EBPs (Ledford et al.,
2015).

Empirical Solutions Within the OTM. In high-
lighting research domains in special education
that may exemplify features of the OTM, a
question arises: Which research practices or
study designs may be conducive to putting
the ideas discussed previously to the test?
Here, we highlight a few promising paradigms
to consider. When empirical findings diverge
or are expected to diverge based on previous
research, scientists can generate and test
hypotheses about whether these results
represent diverging operations or compensat-
ing operations. Furthermore, scientists can
use the open science tool of preregistration
to prepare and share their study hypotheses
in advance, anticipating which findings are
likely to converge or diverge prior to empirical
testing (see Johnson & Cook, 2019; Lombardi
et al., 2023). Thus, we describe empirical
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approaches that education scientists can use to
test specific hypotheses within the OTM (i.e.,
through SCD) and determine whether their
hypotheses about converging, diverging, or
compensating operations are falsifiable (i.e.,
through measurement validation approaches).
Further, we provide empirical examples
along with access to open data sources avail-
able to investigators to test their hypotheses
(see Table A3 in the online supplement).

SCD. SCD is a scientifically rigorous
method for generating and testing hypotheses
regarding anticipated discrepant evidence
(Talbott & De Los Reyes, 2022). Literacy
research provides a relevant example of this.
As mentioned, in early reading, children
acquire foundational literacy skills that allow
them to build an orthographic lexicon that
includes the spellings of words they already
know and the spellings of words they learn
through experience (Perfetti, 1992; Share,
1995). In many studies, researchers instanti-
ate—and measure—foundational skills using
a word recognition construct called by the
IES “alphabetics.” This construct includes
pronunciation of real words and the ability to
pronounce previously unknown words via
decoding (e.g., Share, 1995). The alphabetics
approach to determining the effects of instruc-
tional programs for word recognition takes a
convergent approach and indexes both word
pronunciation and decoding skills as part of
the word recognition factor (e.g., Adlof et al.,
2006; Hgien-Tengesdal, 2010; Scarborough,
2002). This widely held view of word recogni-
tion is predicated on a converging operations
interpretation of the links between word pro-
nunciation and decoding—skills that converge
to some extent but may differ from each other
in domain-relevant ways (Hoover & Gough,
1990; Tunmer & Chapman, 2012).

Contrary to the converging operations
interpretation, extensive data suggest that
word pronunciation and decoding skills are
distinguishable components of word recogni-
tion, suggesting that important information
may be lost if the principle of converging
operations governs interpretations of assess-
ment data reflecting these two skill domains.
In various theoretical accounts (Ouellette &

Beers, 2010; Perfetti & Hart, 2002) and even
neurobiological descriptions of word recogni-
tion (Kearns et al., 2019), word pronunciation
and decoding play distinct roles in reading.
For example, students with dyslexia fre-
quently show different patterns of difficulty
across these domains, typically with better
performance on word pronunciation measures
than on decoding measures (Frith, 1985).
Some researchers have even used the distinc-
tion between decoding and word recognition
to create reading phenotypes (e.g., phono-
logical and surface dyslexia; Castles &
Coltheart, 1993) that specifically distinguish
readers based on their relative strengths and
difficulties in word pronunciation and
decoding.

Although researchers have traditionally
assumed that the concept of converging opera-
tions provides the most accurate account of
word recognition, word pronunciation and
decoding skills are quite different. This dis-
tinction is particularly important when trying
to understand unexpected reading difficulties
of upper-elementary-age students. Examination
of performance of word pronunciation and
decoding measures often reveals the cause:
These students have relatively good skills for
reading high-frequency words—words that
appear on many word pronunciation tests—but
they have very weak decoding skills and thus
no mechanism for adding new words to the
lexicon. Students with dyslexia are likely to
show this pattern, which can indicate the pres-
ence of a severe phonological processing
deficit or the absence of instruction that
focuses student attention on the connection
between letters and sounds (Kearns & Whaley,
2019).

SCD methods provide researchers with the
opportunity to test hypotheses about whether
diverging operations may be present in assess-
ment data germane to understanding word rec-
ognition. This hypothesis testing can be
accomplished through the application of com-
parative designs, such as adapted alternating-
treatment design (AATD), that allow an effi-
cient comparison of effective instructional
practices designed to address nonreversible
behavior, such as reading skills (Wolery
et al.,, 2018). AATD allows researchers to
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compare the effects of two interventions (e.g.,
word recognition and decoding) on separate
behavior sets (e.g., a collection of discrete
responses, such as high-frequency word lists;
Wolery et al., 2018). Through targeted recruit-
ment of study participants and detailed
descriptions of their reading characteristics,
hypotheses about interventions addressing
anticipated discrepant outcomes can be
tested within individuals who have dyslexia
(Castles & Coltheart, 1993).

CONTEXT: Measurement validation paradigm.
We previously mentioned that the CONTEXT
validation paradigm is an empirical approach
designed to guide the construction of valid-
ation studies that are capable of detecting
domain-relevant data when findings converge
(i.e., converging operations) but also when
they meaningfully diverge (i.e., diverging
operations). Yet, how might CONTEXT
guide research practices when designing val-
idation studies and interpreting their results?
To address this question, we provide a brief
description of this paradigm along with an
empirical example; a larger description and
expanded set of examples exist elsewhere
(De Los Reyes et al., 2023).

As a validation paradigm, CONTEXT
guides researchers to (a) pose conceptually
grounded reasons for why discrepant esti-
mates might contain domain-relevant informa-
tion; (b) create falsifiable hypotheses to probe
these reasons; (c) select data sources that, col-
lectively, produce domain-relevant discrepant
estimates; (d) select validity criteria that facili-
tate probing the presence of domain-relevant
data in discrepant estimates; and (e) construct
analytic models that allow researchers to test
for the validity of indices of discrepant esti-
mates while at the same time preserving the
domain-relevant information contained in esti-
mates of converging findings. Each of these
features of CONTEXT is exemplified in
recent work seeking to understand discrepant
estimates as they manifest in assessments of
adolescent social anxiety—assessments that
we have long known commonly produce dis-
crepant estimates (De Los Reyes et al.,
2012). In this area of work, researchers have
long questioned the veracity of adolescents’

self-reports, with the idea that these discrepan-
cies were the by-product of adolescents’ moti-
vations to provide socially desirable responses
(see also De Los Reyes et al., 2015). In this
respect, researchers commonly attributed dis-
crepant estimates to measurement confounds,
namely, a rater bias. However, researchers
have also long known of the possibility that
discrepant estimates of adolescent social
anxiety could seemingly arise due to domain-
relevant processes.

Consider the notion of situational specifi-
city (Achenbach et al, 1987). If youth
behave differently, depending on variations
across contexts in the contingencies that
“pull” for specific behaviors (e.g., anxiety),
and informants vary in terms of which con-
texts and contingencies they are capable of
observing (e.g., parent at home, teacher at
school), then the discrepant estimates pro-
duced between informants’ reports could
contain domain-relevant data about how
behavior changes within and across contexts.
Only recently has this notion been applied to
interpreting discrepant estimates in measures
of adolescent social anxiety, and there was
good reason all along to do so. Specifically,
relative to youth earlier on in development,
adolescents spend a greater amount of time
outside of the home, and as such, adolescents
who experience social anxiety often do so in
contexts outside of parents’ immediate pres-
ence, namely, within interactions with
same-age, unfamiliar peers (Cannon et al.,
2020). Recent work has involved developing
controlled observation paradigms that seek to
gather data about adolescents’ reactions to
these interactions with unfamiliar peers and
in a way that facilitates gathering reports
from untrained informants, namely, the peer
confederates who, unlike parents, observe
adolescents in these interactions and make
reports about adolescents’ social anxiety
based on these interactions (Deros et al.,
2018; Rezeppa et al., 2021). A particularly
innovative element of this work stems from
the additional gathering of ratings from
trained research personnel, which serve as
the validity criteria used to interpret data
from the various informants (i.e., parents, ado-
lescents, peer confederates). In this body of
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work, not only do discrepant estimates exist to
a significant extent across these informants;
these discrepancies also facilitate boosting
the criterion-related validity of the informants’
reports. In fact, recent work has involved con-
structing analytic models designed to capital-
ize on domain-relevant discrepant estimates
(Charamut et al., 2022). These models
produce scores that explain variance in
domain-relevant validity criteria (i.e., ratings
from trained, independent research personnel),
over and above both each individual infor-
mant’s report and the simple average of infor-
mants’ reports (Makol et al., 2020). Taken
together, recent work on understanding and
interpreting discrepant estimates produced in
assessments of adolescent social anxiety
exemplify CONTEXT’s core features.

Quality Indicators for EBA Tools
and Processes

As we have seen, the OTM and CONTEXT
can be used to guide measurement validation
procedures that are tailored to the various pur-
poses of assessment. As such, the OTM and
CONTEXT are applied in concert with
quality indicators for assessment outlined in
Table A2. Here, we describe quality indicators
for EBA, outlined in Table A2 and designed to
guide measurement validation processes that
may be used in tandem with the OTM and
CONTEXT.

Central to the EBA process and measure-
ment validation is the key indicator of con-
struct validity. Construct validity, illustrated
in Table A2, refers to the extent to which a
measure assesses a given domain, trait, or
characteristic (Kazdin, 2016); provides con-
nections between theory and psychometric
research (Borsboom et al., 2004); and illumi-
nates the relationship between a given con-
struct and the measures designed to assess it
(Kazdin, 2016). As such, the measurement
validation process begins with construct valid-
ity and requires the accumulation of evidence
from diverse sources aligned with theory
(Borsboom et al., 2004; Kazdin, 2016). The
steps for developing a measure can be found
in the psychometric characteristics for validity

and reliability/precision outlined in Table A2
(Kazdin, 2016) and their associated rubric
(De Los Reyes & Langer, 2018; Hunsley &
Mash, 2007; Youngstrom et al. 2017).

In addition to the EBA quality indicators in
Table A2 for validity and reliability, the table
also includes guidance on norms, intervention
sensitivity, clinical utility, and selecting
outcome measures. Sources for the indicators
include the Standards for Educational and
Psychological ~Testing (AERA, 2014),
Common Guidelines for Education Research
and Development (U.S. Department of
Education, 2013), SEER standards (U.S.
Department of Education, 2022a), and the
WWC Procedures and Standards Handbook
(U.S. Department of Education, 2022b). The
comprehensive EBA framework we propose
necessitates use of these quality indicators.
That is, measurement validation research
guided by the OTM and relevant educational
theory requires building upon, contextualiz-
ing, and applying established indicators to
special education research.

The EBA standards in Table A2 are pre-
scriptive. They guide researchers in identify-
ing, developing, and evaluating scores taken
from instrumentation (Jacobson & Svetina,
2019; Kazdin, 2019; Youngstrom et al.,
2017). Although validity is associated with
the interpretation of scores taken from a
given instrument, validation is the primary
method for understanding how that assess-
ment works (AERA, 2014). The validation
process must be substantive, conceptually
grounded, and thus driven by factors beyond
methodological considerations (Borsboom
et al., 2004). Although various “types” of val-
idity are referenced throughout the education
and psychological literatures and reflected in
the EBA quality indicators in Table A2 (i.e.,
content, construct, discriminative, predictive,
face validity; validity generalization), these
validity “types” may be more accurately
viewed as research procedures for validation
(Borsboom et al., 2004; Jacobson & Svetina,
2019). That is, validation refers to the testing
and interpretation of measures for particular
uses and is not a property of the measure
itself (AERA, 2014; Jacobson & Svetina,
2019). Rather, the emphasis is on the validity
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of drawing inferences from scores taken from
instruments (e.g., is it valid to interpret scores
taken from measure X as indicating a given
level of domain Y?). Researchers must apply
these indicators when developing and select-
ing measures and engage in measurement val-
idation to detect the key features of a construct
captured by instrumentation (Kazdin, 2016).
In this way, researchers can increase the like-
lihood of observing discrepant estimates that
are best explained by diverging operations.

Not only can the measurement validation
process be applied to interpreting scores
taken from individual instruments; the
process can and has been similarly applied to
understanding patterns of data from diverse
sources. This process involves researchers
identifying criterion variables that function
as independent measures of a given domain
to serve as reference points for detecting the
degree to which patterns observed across
data sources reflect domain-relevant informa-
tion (see De Los Reyes, Talbott, et al., 2022;
De Los Reyes, Tyrell, et al, 2022;
L. S. Fuchs et al., 2008; Lerner et al., 2017;
Wakschlag et al., 2008). In fact, this is a key
reason why the independence of validity cri-
teria plays such a key role in the research prac-
tices that stem from the use of CONTEXT (see
also De Los Reyes et al., 2023). Fortunately,
special education researchers have multiple
tools at their disposal to conduct these inde-
pendent assessments for validation, samples
of which we provide in the supplemental
materials.

Researchers have multiple tools at their
disposal to conduct independent
assessments for validation, samples of
which we provide in supplemental
materials.

Empirical Contexts for the EBA

To advance EBA in special education
research, we provide guidance within two
central empirical contexts designed to identify
and implement EBPs: (a) empirical research
with a causal explanation and (b) implementa-
tion science research in special education.

Figure A4 in the supplemental materials pro-
vides a graphical depiction of the EBA
process within these two empirical contexts.

Empirical Research for Causal
Explanation

The WWC (U.S. Department of Education,
2020) and the CEC (2014) have identified
several research designs that, if well executed,
result in causal inference: (a) randomized con-
trolled trials (RCTs) and quasi-experimental
designs, (b) SCD, and (c) regression discon-
tinuity designs. Each of these designs repre-
sents an appropriate context for advancing
EBA. That said, we focus on RCTs and quasi-
experimental designs to help sharpen guidance
from the field in the development and selec-
tion of outcome measures.

Clemens and D. Fuchs (2022) have out-
lined a measurement framework for the devel-
opment and selection of outcome measures
within a group design to assess the outcomes
of an intervention (e.g., in reading comprehen-
sion). Different outcome measures will have
different degrees of alignment (i.e., correla-
tions) with the core components of a given
intervention program. Although researcher-
designed outcome measures may be more
closely aligned with the researchers’ interven-
tion program than are commercial measures,
these researcher-designed measures can be
seen as appropriate for measuring a single,
initial target skill that the program is designed
to teach, followed by subsequent measure-
ment tools in the framework. These subse-
quent tools, both researcher- made and
commercial, are selected to measure add-
itional target skills, as researchers plan to sys-
tematically assess near-transfer, mid-transfer,
and far-transfer of skills taught during the
intervention according to their theory of
change and hypothesized intervention effects
(Clemens & D. Fuchs, 2022). In the context
of EBA, researchers must operationalize,
clarify, and justify the use of both researcher-
made and commercial measures in the context
of their measurement framework, guided by a
theory of change (Clemens & D. Fuchs, 2022;
Youngstrom et al., 2017).
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The OTM and CONTEXT can also serve
to guide the development and selection of
these measures, driven by findings from pre-
vious research. For example, one can iden-
tify outcome measures that meet quality
indicators by examining correlations from
prior meta-analyses, such as those in
Table Al. These data help researchers
anticipate the extent to which measures of
a given construct are likely to converge, as
may be the case in correlations between
measures of reading comprehension and
grammar knowledge in second-language
learning (mean r=.85; Jeon & Yamashito,
2014), spelling and word reading (mean r
=.78; Swanson et al., 2003), and
curriculum-based measures of reading
tasks with commercial standardized tests of
reading (mean r=.63; Shin & McMaster,
2019). Conversely, researchers can antici-
pate many more examples (see Table Al)
in which measures of a given construct are
likely to diverge, as is the case in multi-
informant measures of youth mental health
(mean r=.28; De Los Reyes et al., 2015),
in correlations between oral language skills
in one’s first language and these same
skills in one’s second language (mean r=
.16, Melby-Lervag & Lervag, 2011), and
in correlations between the use of cognitive
strategies in learning with diverse academic
achievement measures (mean r=.11; Dent
& Koenka, 2016). Using prior research as
a guide, we may also anticipate the presence
of compensating operations, as may be the
case with academic progress monitoring in
the areas of reading and writing. That is,
although prior guidance from research has
been for practitioners to  conduct
curriculum-based measurement weekly, it
now appears that there may be greater accur-
acy in measures conducted intermittently
(Gesel & Lemons, 2020) and monthly
(Hier et al., 2020). Future research needs
to explore these compensating-operations
scenarios, using preregistration as a mech-
anism for doing so. The OTM and
CONTEXT may facilitate identifying and
interpreting these measurement patterns to
guide future research on what they might
mean.

Implementation Science Research in
Special Education

Implementation science is the study of
methods to promote EBA as part of routine
practice in special education; it means “using
deliberate strategies in specific settings to
adopt new interventions, integrate them effect-
ively, and change practice patterns” (Lyon,
2016, p. 1). As a result, implementation
research can take a variety of approaches,
from a systems-oriented approach (e.g., multi-
tiered systems of support; Odom et al., 2020)
to approaches that are personalized and indivi-
dualized to advance the academic, behavioral,
and mental health goals for children and youth
with disabilities (i.e., Bruhn et al., 2020;
D. Fuchs et al.,, 2014; Hart, 2016; Kearns
et al., 2021). We describe an explicit role for
assessment in implementation science in
Table A4 in the supplemental materials, with
an overview of this process in Figure A4.
This process begins with a needs assessment
using multiple data sources, identified
through attention to quality indicators in
EBA tools and processes and guided by
prior work within the OTM. This needs
assessment is closely linked to goal setting
and identifying EBPs for use within specific
settings and includes ongoing engagement in
assessment and intervention with local stake-
holders (De Los Reyes, Talbott, et al., 2022).

A precise examination of the effective ingre-
dients of EBPs, variously known as common
elements or practice elements in child and ado-
lescent mental health (e.g., Chorpita &
Daleiden, 2009; McLeod et al., 2017), as
instructional practices in academic interventions
(e.g., Gersten et al., 2009); and as focused inter-
vention practices for youth with ASD (Sam
et al., 2020), suggests that ongoing monitoring
of the effectiveness of these elements may facili-
tate their immediate tailoring to meet students’
needs. Examples of outcomes to monitor
include the effects of specific engagement strat-
egies with youth from low-income families in
mental health service delivery (Becker et al.,
2018) and the effects of reading comprehension
interventions for low-performing secondary stu-
dents from diverse backgrounds, particularly
those who are English learners (Vaughn et al.,
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2019). We know from prior research that advan-
cing reading outcomes for English learners in
the late elementary grades through high school
can be particularly challenging (Vaughn &
Wanzek, 2014). Solutions to these challenges
will require greater attention to EBA, including
those quality indicators we have outlined in
Table A2. For example, the difficulty of identi-
fying students from Spanish-speaking homes
who struggle with reading comprehension is
partly rooted in the domains identified for meas-
urement (i.e., word reading vs. language com-
prehension; Mancilla-Martinez, 2020) as well
as those measures selected to identify reading
difficulties. In the case of the latter, developers
of commercial, standardized measures have
rarely reported the proportion of their norming
samples who speak more than one language
(Luk & Christodoulou, 2016). Likewise, we
lack evidence-based guidance on how to attend
to native language proficiency in reading assess-
ment (Francis et al., 2019). Therefore, strategic
investments in EBA must be advanced to
address the needs of all youth in special educa-
tion, including those who experience linguistic
diversity.

Future Directions for Research

The persistent finding that 10% to 25% of the
population of youth with disabilities and those
at risk continue to experience poor academic,
behavioral, and mental health outcomes—
despite having participated in evidence-based
interventions—creates a sense of urgency
(D. Fuchs & L. S. Fuchs, 2019; Maggin et al.,
2016). Such urgency is only magnified for
youth from diverse backgrounds who have
been underserved in high-quality programming
due to historic racial and economic inequities
(Harry & Klingner, 2014). In this section, we
highlight future directions for EBA research on
behalf of all learners with and at risk for
disabilities.

Future Directions in Empirical
Approaches Through Open Science
To further develop and advance EBA tools

and processes, researchers can employ open
data sources to advance measurement

validation research. Recent advances in
federal funding for the development of data
repositories, such as the LDBase at Florida
State University funded by the National
Institutes of Health, help to move this work
forward, as do those repositories with a
60-year history, such as the Inter-university
Consortium for Political and Social Research
(ICPSR). We include sample data sets from
these repositories along with additional data
sources in Table A3 to advance work in meas-
urement validation and hypothesis develop-
ment. This sample of open data sets includes
multiple raters’ reports of behavior, multiple
measures of academic performance, and sys-
tematic direct observations. These types of
data are embedded within longitudinal
studies and studies using RCTs; they feature
children and youth from diverse backgrounds.
As such, these data can be used to develop and
test hypotheses designed to advance empirical
approaches within the OTM, such as measure-
ment validation research.

Likewise, as mentioned, preregistration of
research is an empirical tool researchers can
use to facilitate the advancement of empirical
approaches within the OTM and CONTEXT.
By preregistering study hypotheses and
study methods, particularly descriptions of
measurement tools and hypotheses regarding
how and when specific outcomes using these
tools are expected to converge or diverge
(e.g., Lombardi et al., 2023), researchers can
significantly advance evidence-based assess-
ment in the education sciences.

Future Directions in Empirical Research
for Causal Explanation

In the context of advancing group design
research in special education, we implore
researchers to remember that the validity of a
given instrument exists not in isolation (as a
search for “common outcome measures”
might indicate) but in context, which includes
the many and diverse community and school
contexts where students live and learn
(AERA, 2014; Talbott & De Los Reyes,
2022). As we have seen, measurement valid-
ation may be viewed as an empirical means
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of testing a theory (Borsboom et al., 2004). It
is thus incumbent on those who design, select,
and employ EBA tools and processes to
strengthen the technical processes of their
measures, using quality indicators in
Table A2 as their guide (Clemens &
D. Fuchs, 2022; Kazdin, 2016).

For example, L. S. Fuchs and colleagues
(2008) conducted an RCT using a mathemat-
ics word problem-solving intervention with
third graders, employing a combination of
researcher-made and commercially designed
tools within a measurement framework.
They measured proximal and distal effects of
the intervention conducted over the course of
the third grade year, even as they also con-
ducted measurement validation using a
dynamic assessment approach. This work pro-
vides an excellent model of the potential to
integrate EBA and EBP. Although few
researchers may have the resources to
engage in such comprehensive work, our
sample of open data sources can facilitate
comparable research in measurement valid-
ation. Future directions in empirical research
for causal explanation include addressing the
consequences of assessment, particularly the
influence of assessment on teaching and learn-
ing, which is uniquely suited to special educa-
tion (Messick, 1995; L. S. Fuchs et al., 2008).

Future Directions in Implementation
Science Research

Implementation science is designed to guide
empirical approaches in special education
research, including methods to study and
promote teamwork, communication, and col-
laboration among leaders and practitioners in
routine settings, such as education and health
care (Odom et al.,, 2020; Talbott et al.,
2021). As such, the impact of assessment
should not be restricted to one type of
measure or program of research (Kazdin,
2016). We urge funders and researchers to
shift their focus away from a search for a
single gold standard of assessment and
toward an emphasis on hypothesis develop-
ment and empirical testing to determine what
causes change in student outcomes (Clemens

& D. Fuchs, 2022; Hart, 2016). Such an
approach is urgent for English learners with
disabilities, for whom research in evidence-
based assessment and intervention remain
woefully understudied, despite the challenges
these learners face compared with their
English-proficient peers (Mancilla-Martinez,
2020). Empirical testing is essential to
advance a continuum of measurement and
yield a more precise understanding of
mechanisms that produce change.

In Table A4, we have outlined stages of
research in implementation science, identify-
ing future directions for research, which
include the need for (a) research in dynamic
assessment (Grigorenko & Sternberg, 1998);
(b) research to guide goal setting, particularly
in behavioral and mental health research
(Bruhn et al.,, 2020; De Los Reyes et al.,
2022a); (c) research designed to identify and
sustain EBA with various stakeholders, par-
ticularly in diverse and underserved communi-
ties (Baumann & Cabassa, 2020); (d)
development of additional tools for progress
monitoring of behavior (Chafouleas et al.,
2021); (e) expansion of research on decision
rules for the adaptation of interventions and
their evidence-based components (McLeod
et al., 2017); and (f) continued research on
assessment within data-based individualiza-
tion to meet students’ complex needs
(Kearns et al., 2021).

Conclusion

We have sought to advance EBA research in
special education through the introduction of
a conceptual and empirically tested model,
the OTM, along with empirical methods for
testing the OTM (e., via SCD and
CONTEXT), a comprehensive set of quality
indicators drawn from the education and psy-
chological sciences, and application of these
EBA approaches to two empirical contexts
for research in EBPs. In applying the OTM
to correlations from special education research
in the diverse domains of language, reading,
writing, mathematics, executive functioning,
and mental health (see Table Al), we have
aimed to ensure that researchers consider all
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three options in the context of relevant theory,
regardless of the research domain: converging
operations, diverging operations, and compen-
sating operations. This point is crucial, given
that the selection of any given paradigm
charts a path for research, which includes the
identification of theoretical models, the selec-
tion of data sources, and the approach to meas-
urement validation (De Los Reyes et al,
2023).

We are reminded that assessment and inter-
vention in EBPs are intimately connected. To
that end, we appreciate Kurt Lewin’s sage
advice, “if you want truly to understand some-
thing, try to change it” (Tolman, 1996, p. 31),
even as we recognize that this advice stops
short. To truly understand that “something,”
including whether, how, for whom, and in
what contexts interventions designed to
change “something” actually work, we must
accelerate investments in EBA. Only then
will our students, particularly those who
experience the greatest and most complex
needs, experience the benefits of an appropri-
ately challenging education.
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