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Research suggests Specific Learning Disabilities (SLD) are directly linked to specific neurocognitive deficits that result in unexpected learning delays in academic domains for children in schools. However, meta-analytic studies have failed to find supporting evidence for using neurocognitive tests and, consequently, have discouraged their inclusion in SLD identification policies. The current study critically reviews meta-analytic findings and the methodological validity of over 200 research studies used in previous meta-analytic studies to estimate the causal effect of neurocognitive tests on intervention outcomes. Results suggest that only a very small percentage (6–12%) of studies used in previous meta-analytic studies were methodologically valid to estimate a direct effect of cognitive tests on academic intervention outcomes, with the majority of studies having no causal link between neurocognitive tests and intervention outcomes. Additionally, significant reporting discrepancies and inaccurate effect size estimates were found that warranted legitimate concerns for conclusions and policy recommendations provided in several meta-analytic studies. Given the lack of methodological rigor linking cognitive testing to academic interventions in current research, removing neurocognitive testing from learning disability evaluations may be premature. Suggestions for future studies evaluating the impact of neurocognitive tests on intervention outcomes as well as guidelines for synthesizing meta-analytic findings are discussed.
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INTRODUCTION

Theoretical explanations of Specific Learning Disabilities (SLD) have historically referenced a neurological basis for the disability; however, the specific neurocognitive causes have only more recently been understood by interdisciplinary research in cognitive neuroscience, neuropsychology, and molecular genetics (Grigorenko et al., 2020). Additionally, research has found different neurocognitive deficits underly different types of learning disabilities (Butterworth et al., 2011; Butterworth and Kovas, 2013; Berninger et al., 2015; Eckert et al., 2017; Pennington, 2019) and are responsive to specific interventions (Frijters et al., 2011; Lorusso et al., 2011). Additionally, neurocognitive theories have gained importance for guiding clinical applications, specifically for special education evaluations in schools (Decker, 2008; Miller, 2008; Callinan et al., 2015).

Translational neurocognitive research has considerable promise for education (Decker, 2008), especially for helping children with neurodevelopmental learning problems in schools (D'Amato, 1990; Berninger and Richards, 2002; Wodrich and Schmitt, 2006; Ellison and Semrud-Clikeman, 2007; Miller, 2007; Decker, 2008; Feifer, 2008; Pennington, 2009). Surprisingly, however, recent meta-analytic studies have been summarized to suggest there is insufficient evidence for using neurocognitive tests in schools (Burns, 2016). As determined from reviewing over 200 studies in seven different meta-analyses, Burns (2016) concluded, “Assessing students' cognitive abilities to determine appropriate academic interventions has clearly been shown to be ineffective by multiple meta-analyses.” (p. 5). More definitively, the synthesized findings led Burns (2016) to conclude “Examining cognitive processing data does not improve intervention effectiveness and doing so could distract attention from more effective interventions.” (p. 4). Given federal law requires educational policy decisions to be based on evidence (Zirkel and Krohn, 2008) primarily from meta-analytic studies (Burns et al., 2015; Burns, 2016), the lack of evidence for using neurocognitive tests from meta-analytic studies has led some researchers to suggest SLD identification policies should be changed to no longer permit the option of using neurocognitive tests as part of a comprehensive disability evaluation in schools (Reschly, 2000; Miciak et al., 2016; Fletcher and Miciak, 2017; Kranzler et al., 2019; Grigorenko et al., 2020).

More specifically, meta-analytic studies have been viewed as collectively invalidating SLD identification options that permit the use of a child's Pattern of Strengths and Weakness (PSW) (Stuebing et al., 2015; McGill and Busse, 2016; Miciak et al., 2016; Kranzler et al., 2019), which has primary been guided by neurocognitive research. Given educational policies have a significant impact on the integration of neuroscience research in educational settings (Decker, 2008; Decker et al., 2013), policy recommendations for SLD identification have specifically been made to exclude neurocognitive testing in schools (Fletcher and Miciak, 2017, 2019; RTI Action Network, 2021), which has created a barrier for using neuropsychological research in education (Reschly and Gresham, 1989; Reschly and Ysseldyke, 2002).

While meta-analytic studies are important for guiding educational policies, eliminating neurocognitive testing as an SLD identification option, according to Kearns and Fuchs (2013), may be premature because: “First, the evidence suggests it may have potential. Second there is indisputable need for alternative methods of instruction for the 2 to 6% …of the general student population for whom academic instruction—including DI [Direct Instruction]-inspired skills-based instruction—is ineffective.” (p. 285). Similarly, Schwaighofer et al. (2015) also suggested calls to discontinue cognitively-informed academic intervention were “pre-mature” and that research on cognitive interventions “…could instead be interpreted as implicating that we have not even started to seriously design and vary the training conditions or, put more generally, the learning environment.” (p. 157). More importantly, recent meta-analytic findings have yet to be validated from external reviews, which is considered a required step prior to being used to guide educational policy decisions (Slavin, 2008). Critical reviews are vital given meta-analytic findings can be impacted by theoretical assumptions which may have an explicit (Kavale and Forness, 2000; Rosenthal and DiMatteo, 2001; Maassen et al., 2020) or implicit (Card, 2012) bias on research study outcomes. The critical need to review meta-analytic findings was most notably demonstrated in a study by Maassen et al. (2020) who found only half of the reported effect sizes (250 from a k = 500) in 33 different published meta-analytic studies could actually be validated, typically due to missing or inadequately reported methodological procedures.

Prior to informing educational policy decisions, meta-analytic studies should be critically reviewed and externally validated (Kavale and Forness, 2000; Rosenthal and DiMatteo, 2001; Simmons et al., 2011; Ferguson and Brannick, 2012; Maassen et al., 2020). Concerningly, meta-analytic studies evaluating the treatment utility of neurocognitive tests have already started to influence SLD identification policies (e.g., Burns et al., 2015; Burns, 2016; Fletcher and Miciak, 2017, 2019; RTI Action Network, 2021), despite having yet to be externally reviewed or validated. Specifically, research has created a “false dichotomy” between using either an RTI or cognitive testing approach (Feifer, 2008) in SLD identification procedures. Perpetuating the dichotomous view, federal guidelines for SLD identification have been characterized by Fletcher and Miciak (2019) in noting, “Two general frameworks are relevant for IDEA 2004: cognitive discrepancy frameworks and instructional frameworks that emanate from RTI” (p. 20) (Fletcher and Miciak, 2019), and are consistent with perspectives from national organizations providing training and guidance to schools (National Association of School Psychologists, 2011; RTI Action Network, 2021). As a dichotomous option, the lack of supporting evidence from meta-analytic studies (e.g., Burns et al., 2015; Burns, 2016) has led to recommendations to no longer permit cognitive testing as an option in SLD policy, which would result in RTI as the only option for learning disability evaluations (Burns et al., 2015; Stuebing et al., 2015; Burns, 2016; Fletcher and Miciak, 2017, 2019; RTI Action Network, 2021).

Problems with RTI models identified in other research studies have yet to be considered relevant (Gerber, 2005; Fuchs and Deshler, 2007; Reynolds and Shaywitz, 2009). Furthermore, numerous concerns for using RTI in schools have emerged on a variety of issues including legal (Dixon et al., 2011), procedural (Office of Special Education Programs, 2011), and parent dissatisfaction (Phillips and Odegard, 2017; Ward-Lonergan and Duthie, 2018; Mather et al., 2020), all of which are suggestive of systemic problems. More concerning, these systemic problems are consistent with concerns identified by the first large-scale evaluation study of RTI that found some negative impacts on reading outcomes for young children (Balu et al., 2015).

Arguably, the greatest relevance for neuroscientific research in education is for understanding the neurocognitive causes of learning disabilities. Additionally, the consequences for not permitting identification methods based on neurocognitive research has yet to be fully explored (Fuchs and Deshler, 2007). Not only is mandating the use of instructional-response methods for SLD identification unsupported by research, but it would also create significant barriers for bridging neuroscience and education, as facilitated by educational psychologists.

Educational psychologists are important mediators for ensuring neuroscientific research applied to education is evidence-based. Specifically, educational psychology can play a role in filtering out illegitimate neuroscientific research using basic cognitive neuroscience assumptions and making decisions on what neurocognitive-based interventions could feasibly be used within an academic setting. Evaluating the validity of meta-analytic assumptions that have policy implications for permitting neurocognitive based methods for SLD identification, thus, has important implications for supporting educational psychologists in translating neuroscientific research into educational applications.


Theoretical Basis of Neurocognitive Impacts on Intervention Outcomes

A critical aspect for understanding the causal impacts of intervention research is based on the theoretical models used to create behavioral change (Michie, 2008; De Los Reyes and Kazdin, 2009). The theoretical foundation of intervention studies not only provides insight into how interventions works (Rothman, 2009) but also how to conceptualize indirect and mediating factors that may impact intervention outcomes (Melnyk and Morrison-Beedy, 2018). Unfortunately, theoretical specification has been largely neglected in intervention research (Michie et al., 2009) as well as meta-analytic reviews of intervention studies, in part due to a lack of its inclusion in coding schemes (Brown et al., 2003).

Understanding the theoretical assumptions of translational research in educational neuroscience are especially important given the diversity of perspectives and widespread misconceptions in popular “Left Brain-Right Brain” theories of education (Hruby, 2012). More importantly, review of theoretical assumptions is important for understanding the causal relationship between neurocognitive tests and intervention outcomes. Ostensibly, neurocognitive tests should have no plausible impact on intervention outcomes unless theoretically specified as part of the intervention process. Ensuring neurocognitive deficits are theoretically linked to academic deficits is a critical element for using neurocognitive tests in schools (Feifer, 2008; Flanagan et al., 2010b; Decker et al., 2013).

Although effect size estimates in meta-analytic studies are interpreted to reflect causal hypotheses (Burns et al., 2015; Burns, 2016), the degree to which the theoretical framework of individual research studies permit a causal interpretation of calculated effect size estimates reported in meta-analytic reviews is often unclear. Additionally, inclusion/exclusion criteria in meta-analytic studies, which is a primary source of bias in meta-analytic methodology (Rosenthal and DiMatteo, 2001), have typically not considered theoretical assumptions of individual studies, despite the importance for linking neurocognitive deficits to targeted skill deficits in interventions (Decker et al., 2013). For example, evidence supports neurocognitive theories linking phonological deficits to word reading deficits (Morris et al., 2012; Berninger et al., 2015).

Given the impact on special education policy decisions, there is a critical need to review research evaluating the treatment utility of neurocognitive tests. The aim of the current study is to systematically review meta-analytic studies that evaluate cognitive-based interventions and educational outcomes to specifically: (1) evaluate the theoretical and methodological basis of every research study in each meta-analysis to specify causal impacts between cognitive/neurocognitive tests and intervention outcomes, and (2) determine the potential confounds that may impact the validity of conclusions and policy recommendations provided in each meta-analytic study. Toward this goal, a review of each individual study included in previous meta-analyses is completed as well as a review of the methodological approach used by each meta-analysis for integrating the effect size estimates across studies. This approach is used to identify potential methodological and theoretical assumptions that may be of relevance for understanding the impact of cognitive deficits on learning outcomes from intervention research studies. The results from this study are important for ensuring neurocognitive theories of learning disabilities are appropriately translated into educational applications.




METHODS

The current study utilized keyword search criteria from previous meta-analytic reviews (i.e., Burns, 2016) to ensure only the most Recently published meta-analytic studies in peer-reviewed journals were selected for review. Consistent with most recently published studies (i.e., Burns et al., 2015; Burns, 2016), inclusion criteria required meta-analytic studies had to be published 2015-present and search terms included “cognitive tests,” “intervention”/“academic interventions,” “meta-analysis/review.” For inclusion criteria, the meta-analysis/critical review had to include some form of effect size analysis and had to include studies primarily written in English. A total of 8 studies were identified (Stuebing et al., 2009, 2015; Scholin and Burns, 2012; Kearns and Fuchs, 2013; Melby-Lervåg and Hulme, 2013; Burns et al., 2015; Faramarzi et al., 2015; Schwaighofer et al., 2015), one of which was excluded because the individual articles were written primarily in Persian and could not be coded (Faramarzi et al., 2015). These results are consistent with the studies reviewed by Burns (2016). Of note, although Kearns and Fuchs (2013) was not identified as a meta-analysis, the authors grouped effect size estimates, which have been synthesized by other studies (Burns, 2016).

The identified studies were considered to have some relevance for evaluating the intervention utility of neurocognitive testing. However, unlike Burns (2016), the current study included a review of the theoretical basis for specified hypotheses in each meta-analytic study. For example, hypotheses specified in Burns et al. (2015) were primarily in reference to neuropsychological models specified by Feifer (2008) and, more generally, neuropsychological models specified for identifying children with SLD (Hale et al., 2006). Kearns and Fuchs (2013) addressed three very specific hypotheses that, arguably, were the most methodologically valid for making causal inferences, although also not guided by any particular theory. Similarly, both studies by Stuebing et al. (2009) and Stuebing et al. (2015) provided no reference to cognitive or neurocognitive theories and relied only on studies retrieved from “keyword” searches of general terms.


Coding of Theoretical Assumptions of Cognitive Interventions

The general coding scheme developed by Michie and Prestwich (2010) to review intervention research was adapted for use in the current study. It was guided by hypotheses stated in previous meta-analytic studies and specifically to describe the theoretical assumptions of studies used to answer the question: Are academic learning outcomes influenced by academic interventions informed by cognitive test results? Detailed coding of individual research studies was conducted because: (1) it provided an objective criteria uniform to all studies, (2) it provided data to evaluate the causal impact of cognitive/neuropsychological tests with intervention outcomes, (3) informed the generalizability of theoretical models in applied settings, and (4) helped determine the degree of consistency between actual data reported in individual studies with the data reported in meta-analytic studies as an integrated summary.

Consistent with the coding scheme of Michie and Prestwich (2010), four criteria were used for documenting the theoretical assumptions for linking neurocognitive tests to intervention outcomes to reflect the general principles recommended for using neurocognitive tests (Decker, 2008). Each criterion is evaluated on a “Yes, No” rating indicating whether the criteria was met for each individual study. The criteria include:

1. Did the study use the results of cognitive/neuropsychological test (however defined by the study) to directly inform an intervention or intervention group assignment in the study?

2. Did the results of the study provide any direct empirical value or estimate for determining the degree in which cognitive/neuropsychological tests contributed to intervention outcomes?

3. Did the study evaluate or include a theoretical model for linking academic and cognitive deficits to academic interventions?

4. Did the authors of the study make any explicit comment or conclusions regarding the utility of cognitive/neuropsychological tests for academic interventions?

The criteria provide a general indicator to evaluate the causal validity of intervention research by coding the most basic elements required for making causal attributions. Generally, research studies evaluating causal relationships require research methodologies intentionally designed for measuring intervention effects using valid measures of behavior consistent with the theoretical model guiding the specific intervention being evaluated. More specifically, the theoretical and methodological approach of over 200 studies were objectively coded to evaluate each study's adequacy for providing a valid estimate of the treatment utility of neurocognitive tests. Individual studies were coded by two primary reviewers each trained to identify specific features of research articles. A third coder was included to provide a reliability estimate. Consistency across raters was high >90% and was anticipated given the relative simplicity of the criteria. For the few cases of inconsistent ratings, the third coder resolved the rating discrepancies by reviewing the article independently and considering coding justifications by each coder. Generally, rating differences occurred due to ambiguities in semantic interpretations of whether an explicit statement met criterion 4.

After coding each of the individual studies within each of the meta-analyses, the authors reviewed general meta-analysis methodology. Specifically, for each of the meta-analyses, the method of effect size estimation described in the meta-analysis was recorded and its efficacy for synthesizing effects was evaluated. Effect size estimates were not re-calculated for each meta-analysis for several reasons. First, there was a lack of transparency in effect size reports in most meta-analytic studies which made such a task impossible, which is contrary to standard guidelines in meta-analysis methodology (Borman and Grigg, 2009; Stegenga, 2011). Typically, the meta-analytic studies reviewed in the current study did not report effect sizes for individual studies, but rather only reported the summarized effect sizes as derived from numerous studies. Additionally, many studies provided insufficient details to accurately replicate the procedure for identifying both the effect and sample size calculations found in each individual study. Unfortunately, the inability to trace or replicate the exact methods and procedures used in some of the meta-analyses is not uncommon and is another example of the “replicability problem” in psychology (Maassen et al., 2020; Sharpe and Poets, 2020). As such, the current focus on research methodology was influenced by the information that could be obtained from each original meta-analysis and was considered important given the educational policy impact of these studies to influence SLD identification practices.



Methodology for Identifying and Excluding Redundant Studies

Previous studies attempting to synthesize meta-analytic findings (i.e., Burns, 2016) have neglected to account for studies included for review in more than one meta-analytic study. The inclusion of redundant studies that overlap across different meta-analytic studies violates a key statistical assumption for synthesizing effect sizes—the assumption of independence of variables. The lack of independence of effect sizes within a specific meta-analysis is a recognized methodological issue in the meta-analysis field (Rosenthal and DiMatteo, 2001), an issue that could “percolate up” (and possibly become a larger confound) as successive meta-analyses are combined. For example, non-independence may be a problematic if numerous studies are from the same research lab, which should be examined as a moderator variable (Rosenthal and DiMatteo, 2001). As such, overlap of studies was considered when evaluating meta-analyses.

To retrieve articles, the authors used EBSCOhost, ERIC, Google Scholar, and Interlibrary Loans when articles could not be located.




RESULTS

Tables 1–7 provide the coding results for each specific study used in each of the seven meta-analytic studies. For organizational purposes, the review categorized each meta-analysis by unique methodological aspects, either by the specific type of interventions and assessments evaluated, or effect size extrapolation method used. Through coding each study, it was determined that 36 studies overlapped across different meta-analytic reviews. The degree of bias introduced from violating independence assumptions cannot be determined but suggests the estimated effect sizes reported for 214 independent studies may be inaccurate considering the overlap of studies was not accounted for. In the current review of the seven meta-analyses discussed, a total of 214 total studies were identified, 176 of which were unique articles. Only one article could not be retrieved and was not coded (Boden and Kirby, 1995).


Table 1. Kearns and Fuchs (2013).
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Table 2. Burns et al. (2015).
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Table 3. Melby-Lervåg and Hulme (2013).
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Table 4. Schwaighofer et al. (2015).

[image: Table 4]


Table 5. Stuebing et al. (2009).
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Table 6. Scholin and Burns (2012).
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Table 7. Stuebing et al. (2015).
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Table 8 provides a comparison of studies used in each meta-analytic review to determine the number of overlapping studies. As indicated by Table 8, all meta-analytic studies included at least one study that overlapped with another meta-analytic study. Overall, the percentage of overlapping studies was low for most studies but ranged from 1 to 29%. Since effect sizes from most studies could not be replicated, the impact of overlapping studies could not be determined but should be considered when synthesizing data from different meta-analytic studies.


Table 8. Overlap in meta-analyses.
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Meta-Analytic Studies Explicitly Evaluating Diagnostic Testing on Intervention Outcomes

Two meta-analytic studies were found that explicitly attempted to evaluate the causal impact of diagnostic testing (i.e., cognitive, neuropsychological, and/or academic testing) on intervention outcomes. However, there were considerable differences between the research approach used in each study. As such, relevant details of each study's research methodology was reviewed.


Study 1

Kearns and Fuchs (2013) analyzed 39 articles that specifically addressed multiple hypotheses related to the impact of cognitive testing on intervention outcomes. Although reported as a meta-analysis by other articles (Burns, 2016), Kearns and Fuchs (2013) noted “…we did not conduct a meta-analysis.” (p. 286), rather the article is a review of literature. One of the hypotheses tested by Kearns and Fuchs directly evaluated the relationship between cognitive tests and intervention outcomes by stipulating studies must provide explicit matching of interventions to cognitive deficits. The mean effect size reported for this specific hypothesis, which most directly evaluates the effect size of cognitive tests on intervention outcomes, was estimated to be large effect (d = 1.12, k = 5). As previously mentioned, this large effect size has been generally disregarded due to the small sample size and potential outlier of one effect. However, a notable strength of this study was inclusion of a methodological evaluation of research studies to determine effect size estimates.

Of note to the current evaluation, although interventions specifically matched cognitive deficits, most commonly the individual interventions analyzed in the studies were purely cognitive, and not academic interventions (e.g., brain stimulation interventions aimed at improving reading). As such, when Kearns and Fuchs (2013) was coded, only three studies met all four criteria for testing academic intervention effectiveness using cognitive tests (Table 1). Kearns and Fuchs (2013) concluded that results were improved for interventions (both cognitive and academic) that specifically aimed at alleviating tested cognitive deficits. Although a comprehensive review, the studies in Kearns and Fuchs (2013) do not primarily evaluate cognitive-informed academic interventions, and as such, do not specifically address the question of whether cognitive testing should be used to inform academic interventions.



Study 2

Burns et al. (2015) conducted a meta-analysis to evaluate the utility of cognitive/ neuropsychological testing to inform academic interventions. Burns et al. (2015) provided the statistical formula used for calculating effect sizes; however, the data sampled from each study as well as the effect size for each study after adjustment was not included. A total of 37 studies met review inclusion criteria. The effect size reported across all studies was small (d = 0.47, k = 37). Additionally, more specific estimates of effect sizes were reported by grouping studies into narrower categories. The generally small effect sizes were interpreted as evidence against the general use of cognitive/neuropsychological tests in special education evaluations as well as discrediting SLD identification approaches using cognitive testing (e.g., Naglieri and Johnson, 2000; Dehn, 2008; Feifer, 2008; Flanagan et al., 2010a; Fiorello et al., 2014).

After coding, only four articles included in Burns et al. (2015) met three or four criteria and as such, these articles used a methodological approach that could potentially provide a valid effect size estimate between cognitive/neuropsychological tests and intervention outcomes as defined in the current review (Table 2). Although not meeting full coding criteria, 6 (19%) reviewed studies did directly link diagnostic test results to intervention conditions (Criterion #2) (Abbott and Berninger, 1999; Berninger et al., 1999; Naglieri and Johnson, 2000; Haddad et al., 2003; Swanson and O'Connor, 2009; O'Connor et al., 2010) and as such, each of these studies may also provide an accurate estimate of the effect of cognitive tests on intervention outcomes.




Meta-Analytic Studies Focused on Working Memory

Two meta-analytic studies of relevance for academic interventions have more narrowly focused on a specific cognitive domain: Working Memory (WM) (Melby-Lervåg and Hulme, 2013; Schwaighofer et al., 2015). While perhaps seeming less relevant, there are a significant number of studies evaluating WM interventions on academic outcomes, and these studies have previously been identified as highly relevant for evaluating the utility of cognitive tests (Burns, 2016). The large number of studies available is due, in part, from the well-developed theoretical research linking WM performance to important variables such as academic learning, general cognitive ability, and diagnostic classification for numerous clinical conditions (Englund et al., 2014; Schneider and McGrew, 2018). Additionally, numerous studies have provided evidence for the effectiveness of formal working memory intervention programs (e.g., Holmes and Gathercole, 2014; Pearson, 2018), and the veracity of claims is an active topic of research (Morrison and Chein, 2011; Shipstead et al., 2012).


Study 3

The study by Melby-Lervåg and Hulme (2013) provided a meta-analytic review of intervention studies specifically focused on the cognitive construct of Working Memory. Melby-Lervåg and Hulme (2013) reviewed 23 studies that where systematically coded to determine if moderator variables may have impacted the WM interventions. Only research studies that included a control group and pre-test/post-test measures were included. Effect sizes estimates were reported for each study and a transparent coding of article features is provided in Table 3. The importance of WM has led to the development of intervention approaches to remediate WM deficits, with CogMed being one of the most researched (Pearson, 2018). A core variable of interest in this meta-analysis was whether WM interventions produced short-term gains that were sustained over longer periods of time and whether the intervention effects generalized (i.e., transferred) to other variables, such as academic achievement. Overall, the authors concluded the evidence does not support the use of WM training programs for clinical purposes.

Evaluating the efficacy of WM interventions is beyond the scope of the current article, as the efficacy of WM interventions is a topic of debate. However, there are several important concerns in the use of this meta-analysis for evaluating the relevance of cognitive tests for guiding academic interventions. Like Kearns and Fuchs (2013), many articles in Melby-Lervåg and Hulme (2013) used cognitive working memory interventions, rather than cognitively informed academic interventions. Due to this, none of the studies included in the meta-analytic review of WM training met more than one criterion (Table 3). Additionally, also noted by Melby-Lervåg and Hulme (2013), few studies provided any theoretical basis for linking WM interventions to specific tests of WM, noting most WM interventions “…do not appear to rest on any detailed task analysis or theoretical account of the mechanisms by which such adaptive training regimes would be expected to improve working memory capacity.” (p. 272). In culmination, findings in Melby-Lervåg and Hulme (2013) demonstrate little value for sole cognitive interventions on academic outcomes (Burns, 2016), and do not address the impact of cognitively informed academic interventions on academic outcomes.



Study 4

Schwaighofer et al. (2015) also reported a meta-analysis specifically for WM interventions. A diverse array of studies was used that included children as well as adults up to the age of 75 (47 studies total). The methodology and hypotheses were similar, if not identical, to Melby-Lervåg and Hulme (2013). As stated by the authors, this meta-analysis served to include research studies published after the Melby-Lervåg and Hulme (2013) study and to provide a more differentiated analysis of training conditions used in each study. Effect size calculations were made transparent and listed for each study. Unlike other meta-analytic reviews, a random-effects model was used which provided a more methodologically defensible approach for integrating various effect sizes and as well as mixed-effects models for examining the influence of moderating variables. Overall, results were consistent with Melby-Lervåg and Hulme (2013) and suggested that WM training provides both immediate and sustained near-transfer effects in WM but does not result in far-transfer effects (e.g., word decoding and math skills). Importantly, the authors note that cognitive training should not be conducted in isolation from its intended effect or goal, but rather should be embedded as part of the academic intervention. For example, children with reading comprehension deficits due to low WM are more likely to benefit from WM interventions that embed supports for specific cognitive elements directly in evidence based academic interventions [see Peng and Goodrich (2020)].

While the significant heterogeneity of outcomes across different studies provides a challenge for calculating a single effect size, the methodological limitations of the study were clearly described. However, one concern for the current study is the large number of studies that overlapped with Melby-Lervåg and Hulme (2013). A total of 20 studies overlapped between the studies, meaning 57% of articles were shared between the two meta-analyses. While intentional, this is problematic for studies attempting to synthesize effect sizes from these two meta-analyses due to violation of the mutually independent outcomes assumption (Rosenthal and DiMatteo, 2001; Card, 2012). Indeed, it does not appear the effect sizes reported for each meta-analysis by Burns (2016) considered the overlap of studies. Generally, both Melby-Lervåg and Hulme (2013) and Schwaighofer et al. (2015) meta-analyses specifically examined WM-based cognitive interventions, and thus are not useful for answering the question of whether cognitive testing is important for informing academic interventions.




Meta-Analytic Studies Using Extrapolated Data

The following three studies were conceptually grouped based on a common methodological approach for estimating the effect sizes (for diagnostic tests on intervention) that generally required some form of methodological extrapolation. Extrapolation of data to calculate effect sizes in these meta-analyses typically used correlation matrices. Often, the creation of correlation matrices in the meta-analyses required various conversion methods or re-estimation using statistical models to provide empirical estimates of the effect between diagnostic tests and intervention outcomes in each study evaluated.


Study 5

Stuebing et al. (2009) reviewed 22 studies that included IQ as part of an intervention study in reading. Effect size estimates reported by Stuebing et al. (2009) were based on obtaining the correlation of IQ scores with intervention outcomes reported in individual studies. The effect sizes reported were based on averaging the correlations found in different studies which was then used to evaluate different theoretical models. As described in the methods section, “…if we had two effects, one of which was r = −0.2 and the other was r = 0.3 and we average them, we get a mean r = 0.05 as our result.” (p. 5). Using various models to control for pre-test reading scores, IQ was found to have a small to negligible relationship with intervention outcomes. Results from the study were interpreted as refuting previous studies demonstrating intelligence uniquely predicted intervention response (Fuchs and Young, 2006), which was suggested to have resulted due to biased methods.

As noted by the authors, none of the studies reviewed were specifically designed to evaluate the effect of IQ on intervention response and the effect sizes used were extrapolated from the correlation matrices of each study. Of concern, estimating effect sizes by averaging correlations is a critical data analytic error (Silver and Dunlap, 1987). Averaging correlation coefficients requires an initial transformation method (e.g., Fisher's z) and results in an underestimation of the association between two variables (Silver and Dunlap, 1987). All effect size estimates derived from this approach should be considered invalid.

As noted in Table 5, only two articles met all four coding criteria, with an additional four articles meeting three criteria. Although many studies in this meta-analysis met criteria for having some theoretical model linking academic and cognitive deficits, it was uncommon for the studies to use an academic intervention that matched underlying cognitive deficits or measure the impact of neuropsychological testing as related to intervention outcomes.



Study 6

Scholin and Burns (2012) reported a meta-analytic review of research that specifically focused on predictors of oral reading fluency interventions. A total of 18 studies were reviewed that included 31 different reading interventions. Eight of these studies included IQ data. Effect size estimates were based on correlations reported in each study between IQ scores with post-intervention fluency scores and growth indicators as determined by the change in scores divided by the number of weeks in the intervention. Scores were corrected for restriction of range and Fisher's z transformation was used for correlations. The study reported a negative correlation (-0.47) between IQ and post-intervention reading fluency as well as a negative correlation between IQ and reading fluency growth (-.09). Non-parametric analyses were presented by dividing 37 participants into three categories based on percentile range of IQ scores (below 5th percentile, 6th to 25th percentile, and 25th percentile or greater) to compare mean rank reading growth scores. The nonsignificant Kruskal-Wallis test was interpreted as evidence refuting recommendations suggested by Fiorello et al. (2006) for linking cognitive measures to intervention process. Based on this finding, authors concluded, “…a negative relationship with post-intervention levels raised questions about the relevance of IQ to intervention design.” (p. 394), and despite its limitations, “…this meta-analysis could potentially validate RTI research and practice. Practitioners could question the utility of IQ scores within an intervention framework…” (p. 395).

Unlike previous studies, the study by Scholin and Burns (2012) appropriately used a Fisher's z transformation for correcting correlation estimates. However, the quality of evidence was low as none of the reviewed studies explicitly used cognitive test (i.e., IQ) scores to inform the interventions being evaluated. As seen in Table 6, only two studies in this review met at least a single coding criterion, with 0% meeting at least two criteria. Interesting, the theoretical disconnection was acknowledged by the authors in noting the reviewed studies only used test scores, “…for screening purposes rather than to design specific interventions…” (p. 388) (Scholin and Burns, 2012). Additionally, findings of a negative correlation between IQ and reading tests are unusual and inconsistent with findings from other research studies (Fuchs and Young, 2006). Unfortunately, there was a lack of transparency for describing data transformation methods used to estimate IQ correlations with growth z-scores. Additionally, there were significant inconsistencies between the original effect size estimates reported in Scholin and Burns (2012) with the effect size estimate used by Burns (2016) to represent the findings from this study. For example, the effect size estimate reported by Burns (2016) of (d = 0.27, k = 18) was not found in Scholin and Burns (2012) in any table or in text. Thus, the validity of results from both studies are questionable and the lack of transparency clearly demonstrates the replication problems inherent in psychological research that strengthen the need for critical reviews (Maassen et al., 2020). Nonetheless, effect size estimates were interpreted as support for policy recommendations to discontinue IQ testing (Scholin and Burns, 2012), and although similar effect size estimates were found for reading comprehension tests, caution is warranted when using this meta-analysis to determine the impact of cognitively-informed academic interventions on academic outcomes.



Study 7

Stuebing et al. (2015) conducted a meta-analysis to evaluate the importance of pre-intervention cognitive characteristics for predicting reading growth from studies that evaluated various reading interventions. The review included 28 studies that included cognitive test scores of participants who received reading interventions. One important strength of this study is specific cognitive predictors were not limited to general composites of IQ and included specific reading related measures (e.g., phonological analysis and rapid naming) which provided a more direct evaluation of how cognitive tests were used in neuro-cognitive theories. Effect sizes were coded for any study with pre-intervention measures of cognition that also provided correlations with interventions. Additionally, a coding scheme was used to describe the degree in which each study provided sufficient information, as rated on a Likert Scale from 1 to 5, for estimating cognitive scores with intervention outcome metrics. Effect sizes for studies were presented based on the study's coding classification. The coding scheme was used because different studies provided different data estimates. Cognitive and intervention effect sizes were estimated based on available data. Additionally, because the type of model was considered a confound, effects were analyzed with 3 statistical models to predict growth curve slope, gain, or post-intervention reading after controlling for pre-intervention reading levels. The relationship between cognitive characteristics and reading growth was estimated across each of the models to have a low of 0.15 (conditional model) to a high of 0.31 (growth model) effect size. The authors concluded the small effect sizes found in this study, “…calls into question the utility of using cognitive characteristics for prediction of response…” (p. 395).

Given effect sizes for cognitive characteristics on intervention outcome were extrapolated from different studies, it is not surprising that only 5 of the 28 studies met all four criteria (see Table 7). However, the methodological rating used in this meta-analysis suggests a methodological evaluation of individual studies within meta-analyses may improve quality of study inclusion. Regardless, the majority of studies included in Stuebing et al. (2015) did not directly test the effect of using cognitive test results to inform theory-based intervention approaches. Furthermore, while including studies with attention and working memory measures, this study also categorized measures of “print knowledge,” “spelling,” “word reading,” and other academic variables as “cognitive” characteristics. Most studies were based on the use of phonological awareness as the cognitive test, as only one effect size was listed for Attention and two for WM, neither of which had effect sizes reported for all three estimation models.

While the results of Stuebing et al. (2015) were interpreted to suggest cognitive characteristics were unimportant for predicting intervention response outcomes, it is important to note, based on the methodological approach used in the study, the results have little relevance for determining the value of cognitive test scores, however defined, for improving academic interventions. Rather, the results provide an estimate for the correlation between cognitive test scores and changes in reading scores for a restricted range of children (at-risk) receiving some type of reading intervention for some unspecified amount of time. That is, the correlations estimated likely reflect predictors of a more general learning effect found across general reading interventions. While interesting, this is inconsistent with the use of cognitive tests from neurocognitive theories which suggest children with reading deficits due to phonological awareness deficits would benefit more from a phonological reading intervention than from other types of interventions, such as a vocabulary building intervention (Decker et al., 2013). Similarly, cognitive predictors of growth are only relevant if they are meaningfully related to the type of intervention provided, and only relevant for predicting intervention success if there is a clear standard for determining a child's successful or unsuccessful response to intervention. In such circumstances, cognitive predictors provide a method for determining the relative odds of success for using a particular intervention, given the specific level of cognitive functioning (as measured by cognitive/neuropsychological tests).




Results From Coding Summaries Across All Studies

Table 9 provides a summary to describe the theoretical and/or methodological adequacy for each research study to directly estimate the causal effect of neurocognitive tests on intervention outcomes based on the coding scheme previously described. Duplicates are not excluded and 1 of the 214 studies could not be retrieved for review (Boden and Kirby, 1995), which resulted in a total of 213 studies. For the 213 reviewed studies, over half studies (59%) were coded as meeting 0 criteria which indicates most studies were theoretically or methodological insufficient to estimate the effect of cognitive/neurocognitive tests on intervention outcomes. For the remaining studies, 18% were coded as a one, 11% were coded as a two, 6% were coded as a three, and only 6% were coded as a four.


Table 9. Coding summary of evidence quality (0 to 4 with higher ratings representing higher quality of evidence) for research studies included in each meta-analytic study.

[image: Table 9]

When evaluating why many studies did not meet criteria, the authors found many intervention studies only “incidentally” included “cognitive tests” with no methodological connection to the intervention evaluated in the study. For example, the intervention study by Vaughn et al. (2010) did include a cognitive test, the Kaufman Brief Intelligence Test−2 (KBIT-2; Kaufman, 2004), but as stated by the authors, the KBIT-2 was “…used in this study for descriptive purposes.” (p. 7). As such, many of the studies evaluated used cognitive/neuropsychological tests, but not in a way that informed the academic interventions that were being performed in the individual study.

Additionally, it was noted that meta-analytic studies that included ratings of research quality (Kearns and Fuchs, 2013; Stuebing et al., 2015) also had a higher number of studies meeting at least 3 criteria, which may be an important consideration for future studies evaluating the utility of cognitive testing on academic intervention outcomes. In contrast, research quality was not a component of most meta-analytic studies which predominately included research studies with insufficient validity for providing evidence to evaluate the treatment utility of cognitive/neurocognitive tests. Examples of such research may include intervention studies that reported the results of cognitive tests only for sample description purposes or simply to rule-out low intellectual ability as a confound in the study. Nonetheless, data from Table 9 suggest current meta-analytic studies which have collectively been used for guiding SLD identification policy may be limited by the small percentage of studies (approximately 6%) that have an adequate theoretical or methodological basis for evaluating the potential of using neurocognitive testing to impact intervention outcomes.




DISCUSSION

Identifying children with learning disabilities and recommending appropriate intervention strategies is a complex diagnostic decision that should be guided by evidence-based research (Decker et al., 2013). Meta-analytic studies serve to summarize results across numerous research studies and guide social policy decisions (Kavale and Forness, 2000). However, the utility of neuropsychological-based interventions has not been supported by meta-analytic studies which creates a significant barrier to integrating neuropsychological research into the educational environment. The goal of the current study was to provide a critical review of recent meta-analytic studies with a specific focus on the theoretical and methodological validity for research studies to provide a causal link between cognitive or neuropsychological measures and intervention outcomes. Studies were evaluated to determine if they answered the question: Are academic learning outcomes influenced by academic interventions informed by cognitive test results? More specifically, 200 studies were reviewed and evaluated based on their theoretical and methodological adequacy to directly estimate the treatment utility of neurocognitive tests.

Overall, the current study found 59–88% of the 212 individual studies within meta-analytic studies that estimated the effect of diagnostic cognitive/neuropsychological tests do not adequately test the direct impact of neuropsychological tests on educational outcomes through academic interventions. Indeed, many studies only “incidentally” included cognitive tests for descriptive or exclusionary purposes. Only 6–12% of individual studies reviewed here (meeting 3 or 4 criteria) evaluated cognitive testing and interventions used adequate methodology to directly test the impact of neuropsychological testing on targeted academic interventions and educational outcomes. Additionally, the lack of transparency, methodological adjustments, and selective omission of effect sizes were also noted as potential methodological confounds impacting special education policy recommendations informed by these meta-analytic studies (e.g., Fletcher and Miciak, 2019). Given the lack of studies that directly tested the association between cognitive testing and academic interventions within these meta-analyses and possible methodological confounds, there is a question of whether neuropsychological testing should be removed from educational identification practices.

Additionally, clear methodological and reporting inconsistencies were found in meta-analytic studies evaluating neurocognitive tests. For example, the small effect size reported for neurocognitive tests (d = 0.26, k = 203), as reported by Burns (2016) from an integration of seven different meta-analytic studies (Stuebing et al., 2009, 2015; Scholin and Burns, 2012; Kearns and Fuchs, 2013; Melby-Lervåg and Hulme, 2013; Burns et al., 2015; Schwaighofer et al., 2015) was based on inaccurate effect and sample sizes estimates. Specifically, sample size from one meta-analytic study (i.e., Burns et al., 2015) included a total of 37 studies in which only 8 were used for estimating the effect size of cognitive/neurocognitive tests (d = 0.17, k = 8). However, when integrated with other meta-analytic studies, the effect size from the small subcategory of 8 studies (d = 0.17, k = 8) was reported to represent the total sample of all 37 studies [see Table 2 in Burns (2016)]. This inaccuracy, which reduces the effect size but over-inflates the sample size, is significantly different than the overall effect size reported in the study (d = 0.41, k = 37). Of additional concern, some meta-analytic studies found large effect sizes for neuropsychological tests on learning outcomes, often from studies specifically designed to measure such an effect (e.g., Kearns and Fuchs, 2013). However, the effect sizes from these studies were omitted from the effect size calculation in synthesized studies despite being counted as part of the overall sample size calculations (e.g., Burns, 2016), which systematically lowers the effect size while over-inflating the sample size. Although clearly questioning the validity of reported effect size estimates, it is unclear to what extent such methodological discretions have impacted educational policy recommendations (Burns et al., 2015; Burns, 2016; Fletcher and Miciak, 2017) as derived from meta-analytic studies.

As noted in the current study, there is a scarcity of research studies that have been conducted to rigorously evaluate the effect of diagnostic tests on academic intervention outcomes. Additionally, the general lack of training in understanding cognitive neuroscience, as well as the lack of explicit methodological standards for testing neurocognitive models, has likely contributed to conceptual misunderstandings (Decker, 2008). Educational psychologists must adequately address these misconceptions to prevent erroneous conclusions arising from research studies based on inaccurate assumptions of how brain-based research can be used to inform educational applications. Educational research often exclusively focuses on behavioral outcomes of learning from instruction. In contrast, neuroscience research places a greater focus on mechanistic relationships of neurocognitive influences on behavioral outcomes. Research from educational psychology is ideally suited for integrating neuropsychological theories with behavioral measures of academic achievement to evaluate the validity of cognitively informed academic interventions.

Most contemporary cognitive or neurocognitive based tests are grounded in research-based theoretical models and thus, only those studies that directly test the link between the theory-based test results and intervention studies seem relevant to informing educational policy. Consequently, the meta-analytic studies reviewed here have primarily estimated the random association of cognitive test results with intervention outcomes rather than the more specific effect of cognitive test data (when used to inform or adapt interventions) on learning outcomes from specific interventions.

Overall, the review of meta-analytic studies forming the evidence-base for guiding special education policy suggests a critical need for more research and greater transparency in meta-analytic methodology before neurocognitive testing is removed from current SLD identification practices. Given the lack of research directly testing the impact of cognitively informed academic interventions on educational outcomes, changes to special education policies for diagnostic testing based on meta-analytic studies reviewed may be premature. Additionally, the growing insistency for reducing diagnostic identification options on the basis of “evidence-based” research may also be premature. While RTI approaches are valuable, implementation challenges have resulted in the need to investigate alternative approaches as well as integrated approaches that combine RTI with diagnostic testing. However, theoretical bias in research has been a historic problem in SLD research and has been a specific concern for using “scientific, research-based” interventions in IDEA 2004 (Allington and Woodside-Jiron, 1999; Allington, 2002; Hammil and Swanson, 2006; Swanson, 2008; Kaufman et al., 2020).

Educational policy decisions concerning identification and intervention practices are guided by research evidence. As such, the onus is on educational psychology researchers to adequately assess the evidence-base of neuropsychological testing and academic interventions using neurocognitive models of learning. As noted in the current review, research studies that often argue against the use of neuropsychological testing in schools, although important in their own right, do not often test the causal link between neuropsychological testing and academic outcomes and as such, should not be used to make educational decisions until their utility is adequately assessed. Although beyond the scope of the current study, the authors highly recommend a new synthesis of research articles that methodologically test whether neuropsychological testing resulting in targeted academic interventions truly impact educational outcomes. The current study determined the need for such research articles and urges educational agencies to consider the plethora of neuroscientific research that suggests the importance of using neuropsychologically-targeted academic interventions to improve educational outcomes.
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