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Foreword 

The National Institute of Environmental Health Sciences (NIEHS) is one of 27 institutes and 
centers of the National Institutes of Health, part of the U.S. Department of Health and Human 
Services. The NIEHS mission is to discover how the environment affects people in order to 
promote healthier lives. NIEHS works to accomplish its mission by conducting and funding 
research on human health effects of environmental exposures, developing the next generation of 
environmental health scientists, and providing critical research, knowledge, and information to 
citizens and policymakers, to help in their efforts to prevent hazardous exposures and reduce the 
risk of preventable disease and disorders connected to the environment. NIEHS is a foundational 
leader in environmental health sciences and committed to ensuring that its research is directed 
toward a healthier environment and healthier lives for all people. 
The NIEHS Report series began in 2022. The environmental health sciences research described 
in this series is conducted primarily by the Division of the National Toxicology Program (DNTP) 
at NIEHS. NIEHS/DNTP scientists conduct innovative toxicology research that aligns with real-
world public health needs and translates scientific evidence into knowledge that can inform 
individual and public health decision-making.  
NIEHS reports are available free of charge on the NIEHS/DNTP website and cataloged in 
PubMed, a free resource developed and maintained by the National Library of Medicine (part of 
the National Institutes of Health).  

https://www.niehs.nih.gov/
https://www.niehs.nih.gov/research/atniehs/dntp/index.cfm
https://www.niehs.nih.gov/research/atniehs/dntp/assoc/reports/niehs-reports/index.cfm
https://pubmed.ncbi.nlm.nih.gov/
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Abstract 
Psychometric tests are routinely used to assess facets of neurodevelopment in epidemiological 
studies and are a tool for estimating the potential effects of toxicants on the nervous system. 
When assessing the validity and reliability of results from a series of epidemiological studies, the 
specific psychometric tests utilized and factors affecting their administration in human 
populations present unique challenges. This report describes the historical application of 
psychometric tests to the study of the neurodevelopmental toxicity of methylmercury and defines 
neurodevelopmental domains that are assessed with these instruments. Principles are proposed 
for evaluating the validity and reliability of psychometric tests and for identifying potential 
sources of bias in the selection and administration of these tests in human populations.  
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Preface 
Exposures to an increasing number of substances in our environment are being recognized as 
affecting human neurological development. The purpose of this report is to provide information 
to assist in determining if a given psychometric test is adequate for assessing a specific 
neurobehavioral domain or trait in human studies of neurotoxicants. Psychometric tests used in 
epidemiology studies that were reviewed as part of the U.S. Environmental Protection Agency’s 
Integrated Risk Information System assessment of methylmercury were selected for review. The 
reviewed tests included those that were widely used in this literature, as well as those used 
frequently in studies of other neurotoxicants. 
The psychometric tests were assigned to broad neurodevelopmental domains, and principles 
were developed and used to evaluate 81 psychometric tests for reliability, validity, normative 
data, and standardized methods for administering the tests. This report provides examples of 
factors that could present problems and introduce bias in the test results. The examples explain 
elements that would lead to different levels of bias and cover many aspects of study 
performance. We hope this information is useful to regulatory agencies charged with interpreting 
and evaluating the quality of epidemiology studies using these psychometric tests, and to the 
research community in designing epidemiology studies to assess factors affecting neurobehavior. 
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Introduction 

This report presents basic principles for reviewing neurodevelopmental tests used in research that 
assess associations of exposure to known or putative neurotoxic chemicals during 
neurodevelopment. The emphasis is on the validity and reliability of psychometric tests used to 
assess neurodevelopment and methodological aspects of administering and interpreting them in 
epidemiological studies. Psychometric tests are used extensively because they provide a valid 
and noninvasive means to quantitatively assess brain function or dysfunction. Referenced 
throughout the document are psychometric tests designed to assess specific neurodevelopmental 
traits, and the scores obtained from these tests, which are used to quantify and compare the 
quality of performance on tests that assess these neurodevelopmental traits in and across 
individuals or populations.  

The impetus for these principles and this document grew out of the need for assistance in 
assessing the quality of and potential biases in these tests when applying systematic review 
methodology to pediatric environmental epidemiology literature. Specifically for this document, 
this was done to aid in the development of the in-process U.S. Environmental Protection Agency 
(EPA) Integrated Risk Information System (IRIS) toxicological review of methylmercury 
(MeHg). To develop these principles, an evaluation was conducted on psychometric tests used to 
estimate the effects of MeHg on neurodevelopmental outcomes (see Process of Selecting Tests 
section). MeHg was a model toxicant to develop this document and associated principles because 
the developmental neurotoxicity of MeHg has been extensively studied for over 50 years in 
cohorts around the world, and the literature evaluating neurodevelopmental effects of MeHg 
captures many representative psychometric tests used in epidemiological research on many other 
neurotoxicants. 

The work described here is important because it recognizes the challenges involved in 
conducting and reviewing population-based studies of neurodevelopmental toxicity due to a wide 
array of neurodevelopmental outcomes, the differing psychometric properties of available tests, 
and the variations in methods used to administer, score, and interpret test results in individual 
studies. To address this challenge, it is essential to understand the role that psychometric tests 
play in assessing neurodevelopment, the validity and reliability of these tests, and the least biased 
methods to administer, score, and interpret psychometric tests. 

While some sub-disciplines of epidemiology, such as molecular epidemiology, have similar 
principles or “best practices” to maintain high validity and reliability by conducting external and 
internal quality assurance and quality control procedures (e.g., duplicate measurements, standard 
calibration materials, and interlaboratory proficiency programs) (Gallo et al. 2011), this 
document is not intended to serve as a set of best practices for the administration of psychometric 
tests when studying developmental neurotoxicants. Rather, its goal is to provide the necessary 
background information for understanding psychometric principles and how psychometric tests 
can be validly and reliability developed, evaluated, and employed when studying neurotoxicity in 
epidemiological studies. Ultimately, the principles proposed here are designed to assist in 
systematic reviews of epidemiological studies of potentially neurotoxic chemical exposures and 
aid in the design of future research studies.  
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This document is organized as follows. The first section (Psychometric Tests) provides 
background on psychometric tests and neurodevelopment. The second section (Methodology 
for Identifying Psychometric Tests and Extracting Test Information) describes the methods for 
identifying and selecting psychometric tests and extracting information on psychometric features 
of the selected tests. Then, the principles discussed in this document are presented in two main 
parts. In Part 1 (Principles for Evaluating Psychometric Tests), the neurodevelopmental domains 
and the instruments that have been used to assess neurodevelopment in MeHg research are 
described. Psychometric features, strengths, and weaknesses of these instruments are assessed 
with the goal of providing information that can be used to determine if an instrument is more 
or less suitable for addressing a research question of interest. In Part 2 (“Potential Sources of 
Bias Related to Selection and Administration of Neurodevelopment Assessments in 
Epidemiological Studies”), principles related to the application of psychometric tests are 
described along with potential sources of bias related to using the tests to assess 
neurodevelopment in epidemiological research.  
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Psychometric Tests 

Background 
The psychometric outcomes that were evaluated in this document derive from three traditions 
that have developed over the last 100+ years in the fields of psychology and psychometric 
assessment. These include the design and evolving development of quantified psychometric 
tests, the growth of the field of neuropsychological testing, and the exponential increase in 
neurodevelopmental assessment using psychometric tools in research studies (Lezak 1976). 

Throughout this document, these tests are purposely referred to as “neurodevelopmental” and are 
used in the life-span sense of development/neurodevelopment. While the term “developmental” 
is often understood to refer to health and functioning in the prenatal and childhood periods, 
changes in brain structure, function, and organization begin at conception and continue across 
the life span. Thus, this document uses a life-span developmental psychology approach to 
characterize brain health and function from conception through death. Indeed, this approach 
aligns with the approach adopted by many epidemiological studies that were established to study 
the effect of early life neurotoxicant exposures on neurodevelopment from infancy through 
childhood and adolescence and into adulthood. Thus, tests are included and discussed in this 
document that assess adult function, as the administration of childhood tests would be 
inappropriate at older ages. This approach is consistent with the principle that very early 
exposures can affect brain structure, organization, and function across the life span and possibly 
in different ways at different points in the life span. 

Psychometric test development began in the early 20th century when psychologists introduced 
the theory of g or general intelligence, a term for an individual’s overall level of cognitive skills 
that affects their intellectual functioning. Early tests from Piaget, Binet, and Wechsler were 
developed to measure g. Although primitive compared with the sophisticated tests used 
contemporaneously, they included many features still used in contemporaneous tests, including 
several subtests; standardized instructions and test materials; scoring rules, and basic norms 
allowing for comparisons of performance among examinees of the same age, including child and 
adult populations. These tests (especially Stanford-Binet and Wechsler) gave rise to the concept 
of IQ as an entity, generally quantified as a standard score of 100 as average, with a standard 
deviation (SD) of 15 or 16, depending on the test. It should be noted that such scores are not 
meant to serve as the sole measures of an individual’s aptitude or potential for future success 
given that they are influenced by a variety of factors (Spreen and Strauss 1991). Systematic 
differences in test performance may exist if individuals come from a population that is distinct 
from the test’s target population or population used to design the test in terms of race/ethnicity, 
culture, socioeconomic status, etc. Thus, the scores are a kind of benchmark but are not a 
concrete entity. 

Tests of academic achievement (reading, writing, mathematical skills) also began to appear in 
the educational psychology literature as school psychologists and personnel required means of 
assessing whether students were progressing at the expected rate in academic knowledge for age 
and grade level. These tests also grew in sophistication and became standardized over time. 

Other tests that attempted to assess child development/neurodevelopment also began to appear 
that would allow pediatricians and other clinicians to determine if a child was on a normal 
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neurodevelopmental trajectory or was behind or ahead for his/her age. Tests were also developed 
to determine if children had typical patterns of cognitive, behavioral, emotional, social, 
psychiatric, or personality traits (Spreen and Strauss 1991). 

Around the mid-20th century, the field of clinical neuropsychology emerged and grew 
dramatically for several decades. In this field, psychometric tests are used to assess brain 
function to determine if it is normal or abnormal. If abnormalities are noted, the 
neuropsychologist may opine on the specific brain structures or systems that are dysfunctional or 
their likely neurological cause. It had been known since the 1800s that some parts of the brain 
were responsible for specific kinds of behavior. Discoveries of these relationships stemmed from 
brain autopsy findings from symptomatic patients. For example, patients with lesions in certain 
parts of the frontal lobes developed the inability to speak (expressive aphasia), while patients 
with lesions in posterior portions of the temporal lobes could speak but could not comprehend 
the speech of others (receptive aphasia). As more associations between specific brain regions and 
behavioral and cognitive functions became apparent, the notion of structure-function 
relationships within the brain became more prominent. An impetus for this field was the absence 
of neuroimaging techniques that are now available by which clinicians could visualize brain 
tumors, strokes, and other kinds of lesions related to neurological illnesses (e.g., multiple 
sclerosis plaques, effects of traumatic brain injury). When patients presented to physicians with 
new acute neurological symptoms, it was important to diagnose how the brain was 
malfunctioning and which parts of the brain might be affected in order to determine whether a 
neurosurgical intervention might help or cure the patient (White 1992).  

Although neurologists and other clinicians could assess behaviors to try to localize structural 
damage in the brain, the techniques were generally specific to individual clinicians and not 
systematically quantified or comparable among clinicians. Individual neuropsychologists and the 
field of neuropsychology applied standardized psychometric methods to the evaluation of 
specific aspects of brain function in attempts to determine whether a neurological condition 
might be present and associated with abnormal test scores, where the lesions/abnormalities in the 
brain might be located, and possible underlying diagnoses (e.g., dementias, seizure disorders). In 
fact, neurosurgeons sometimes relied on the lesion location diagnoses of neuropsychologists to 
treat patients. Some neuropsychologists approached this work by developing new tests designed 
to assess specific aspects of brain function. For example, the Halstead-Reitan group developed a 
battery of 10 tests that assessed motor function on both sides of the body, conceptual reasoning 
skills, working memory, and other skills. Other neuropsychological groups developed their own 
tests of brain function but also drew from existing psychometric tests that had already been 
developed, standardized, and normed to determine if these instruments could aid in assessing the 
functional integrity of the brain and locating lesions in specific brain areas or systems. Thus, the 
existing IQ tests and their subtests became included in this clinical and research endeavor. As 
time has passed, an extensive literature has developed describing what these various kinds of 
tests demonstrate about specific types of brain damage and neurological disorders, validating the 
tests applied as measures of CNS function and, in fact, as specific indicators of certain kinds of 
disordered (or functional) brain-behavior relationships. This knowledge continues to evolve 
given the capacity to “watch” the brain and its systems function as participants undergo tests and 
carry out behaviors through methods like functional brain imaging (White and Reuben In Press).  

Initially, the field of neuropsychology was focused heavily on adults. This probably arose from 
the greater number of adult patients with neurological disorders. It also could be related, 
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however, to the fact that localized lesions with predictable behavioral anomalies are more 
common in adults. When a lesion or disorder appears in the developed adult brain, structure-
function relationships are well established, and it is often clear where the problem might be. 
Neurodevelopment is more complicated. During child development, the brain is more plastic 
with regard to how specific structures mediate behaviors, is capable of compensating when a 
structure or brain area is diseased (or even absent), can be influenced by acute or chronic 
exposures during susceptible periods, and develops and expresses behavior in a dynamic fashion 
given the circumstances occurring at any stage of development. Because of all these 
considerations, structure-function relationships in early brain development are more diffuse and 
less “focal” than in adults, and insults to the developing brain—both toxicants and other 
neurological conditions—may have different effects than would insults on the mature brain. 
Given these circumstances, neurodevelopmental assessments have used a combination of 
existing tests for children (e.g., IQ, developmental, academic); adaptations of adult tests for 
children; and specialized tests that have been developed, standardized, normed, and validated in 
clinical populations (e.g., Developmental Neuropsychological Assessment, Behavior Assessment 
System for Children, Child Behavior Checklist, tests that assess clinical conditions in children) 
(White 2004). 

Almost all psychometric tests provide raw scores that can be converted into standard or scaled 
scores (mean = 10, SD = 3), T-scores (mean = 50, SD = 10), standard scores (mean = 100, 
SD = 15), and corresponding percentiles using normative or reference data. This practice allows 
participants’ scores to be compared with one another after removing the effects of age, sex, or 
other characteristics on each participant’s raw score. For instance, even within narrow age 
intervals, older children have higher average raw scores on tests of mental and psychomotor 
development than younger children. By using standard scores, the traits of participants who are 
different ages (or other characteristics) can be compared. Moreover, an individual’s performance 
over time can be examined in relation to reference or normative data. Such comparisons between 
groups or within individuals over time are often made in terms of number of points or in units of 
SDs away from the average score. 

Note that normative data are not required for comparison of scores between individuals when 
appropriate measures are taken to validly analyze raw scores; however, normative data are 
necessary and routinely used when making decisions about an individual’s health care, clinical 
diagnosis, vocational services, education, legal status, etc. In addition, when appropriate 
normative data are available, they can be used as the outcome in statistical models. 

There is a longstanding tension regarding the interpretation of results from population-based 
studies that examine neurodevelopmental toxicity. Generally, this friction arises from the lack of 
consensus regarding the “clinical significance” of effects observed in epidemiological studies. In 
clinical situations, it is appropriate to refer to “abnormalities” or “deficits” in a functional area 
when an examinee performs poorly on a test (usually 1–2 SDs away from the average score). In 
epidemiological studies, effect sizes often fall short of being clinically significant in that they 
occur within the “normal range” of test performance and are typically less than half of an SD 
away from the average score. However, subtle shifts in a continuous trait can have profound 
impacts on the tails of a distribution in a population (Needleman 1990; Rose 1985; 2001; Weiss 
2000). For instance, a 5-point decrease in a population’s IQ would nearly double the number of 
people classified as intellectually disabled (Braun 2016). Finally, it is important to refer to 
subclinical or preclinical findings of lower scores in these situations as “decrements” in 
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performance or “diminished” performance, rather than “deficits” or “impairments” (White and 
Reuben In Press). 

Test Domains 
In the fields of neurodevelopmental psychometric tests and neuropsychology, psychologists 
often talk about “domains” of behavior. These domains are generally highly functional in 
nature—that is, they focus on a particular kind of activity such as attention. They are helpful in 
some ways simply because they allow investigators to group tests into meaningful categories. 
However, some other issues about the domains are important to consider, which are discussed 
below. 

While these descriptions of neurodevelopment traits are presented as if they are isolated 
attributes, it is acknowledged that they are dimensional traits that interact with other domains in 
determining behavior. Indeed, this type of framework (e.g., Research Domain Criteria) has been 
adopted by the National Institute of Mental Health to complement the Diagnostic and Statistical 
Manual approach to characterizing mental health and neurodevelopmental disorders (Morris and 
Cuthbert 2012). 

First, domains roughly map onto the functioning of specific brain regions, but there is generally 
not a one-to-one correspondence between a domain and a brain region. For instance, while the 
capacity to pay attention and to monitor or inhibit behaviors is strongly related to functioning of 
the frontal lobe, other brain regions (e.g., striatum) may also be involved in these behaviors. 
Similarly, learning and memory functions are mediated by the limbic system, especially the 
hippocampus and related structures, although other brain structures play a role. Second, many 
psychometric instruments that are applied in the fields of neurodevelopment, neuropsychological 
assessment, and developmental neurotoxicity are omnibus tests for which performance is 
determined by many different kinds of behavioral processes at the same time and do not fit 
neatly into a functional domain.  

Related, some individual tests require highly complex integration of many kinds of functions, 
and even tests or subtests considered to be domain-focused often rely on several brain regions for 
successful performance. These kinds of tests may better fit under a category such as “multi-
determined tests,” but this is difficult to do because all tests rely on more than one type of ability 
(i.e., no test is a pure measure of the trait). Interestingly, the tests with many functional demands 
are often sensitive to an insult such as a neurotoxicant exposure, although they generally do not 
reveal very much about what portions of the brain the insult has affected. For example, coding 
tests require respondents to look at a code that pairs symbols with digits and to write in the 
appropriate digit in a blank space below the symbol according to the code. This task requires an 
examinee to recognize visual symbols, write quickly and accurately, scan visual arrays quickly, 
form associations to remember pairs of symbols, inhibit interference from outside stimuli, follow 
rows and columns, and so on. These multiple determinants of response quality affect the ultimate 
score—a deficit in any one of them can reduce the score. This is less true of tests that require 
only paying attention, or writing quickly, or remembering data. 

Finally, there are subdomains associated with each domain. For example, “attention” can include 
the ability to recognize stimuli, capacity to ignore irrelevant stimuli, speed of responding to 
stimuli, ability to repeat back numbers in order, and so on. Verbal tests can include the ability to 

https://pubmed.ncbi.nlm.nih.gov/22577302/
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provide abstract definitions of vocabulary words, comprehension of spoken language, and/or 
comprehension of written language. Toxicant-related decrements in performance within each of 
these subdomains can have different implications for the effects of the exposure on specific 
structures or systems within the brain during neurodevelopment. 

The domains defined here refer to those that were used to evaluate the psychometric outcomes 
included in the neurodevelopmental research under discussion. Appendix A contains a list of the 
domains and the tests categorized within each domain (White 2004). 

Omnibus Tests 
General intelligence/IQ: Tests measuring general intelligence purport to assess the examinee’s 
overall level of cognitive or intellectual abilities, usually by applying a variety of types of 
intellectual challenges. 

Academic achievement: Tests in this domain evaluate the child’s ability to carry out academic 
skills such as reading, spelling, vocabulary, arithmetic, and more complex abilities. 

Developmental: These tests assess how successfully an infant or child is acquiring age-
appropriate verbal, motor, and social skills.  

Neuropsychological assessment batteries: These tests assess a variety of the domain-specific 
functions described below and may or may not include an overall test score (usually they do not). 

Clinical Assessment Instruments 
Clinical conditions: These tests assess a specific diagnostic outcome or set of outcomes (e.g., 
autism spectrum disorder, attention-deficit disorder, anxiety disorders, neuropsychiatric 
conditions) to produce a criterion-based clinical diagnosis. 

Mental status: Mental status examinations are screening tools used to determine whether an 
individual’s cognitive function is within expected limits for age. 

Domain-specific Tests  
Attention: This domain includes evaluation of capacity to monitor incoming stimuli, inhibit 
responses to irrelevant stimuli, hold small bits of information for immediate use (“pre-memory”), 
and listen to instructions and communications. The prefrontal cortex prominently mediates 
performance on these tasks. 

Executive function: Executive function refers to the capacity to manipulate complex stimuli, 
reason abstractly, develop effective strategies for task completion, and problem solve. It is 
broadly defined by three subdomains: working memory, cognitive flexibility, and inhibition. 
Working memory refers to the capacity to hold and simultaneously manipulate information and 
data from stimuli for task completion. Cognitive flexibility is the ability to adjust behavior in the 
face of changing demands and goals. Inhibition includes both the ability to ignore irrelevant 
stimuli or suppress a triggered behavior to sustain efforts to complete a goal. Relevant brain 
structures include the prefrontal cortex and subcortical white matter connections.  

Motor function: Fine motor control, speed, accuracy, and coordination are the key components of 
motor function. This domain is usually assessed using the hand (manual motor skills). Relevant 
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brain structures that support completion of these tasks include the motor cortex of the frontal 
lobes, the cerebellum, and the extrapyramidal system (e.g., basal ganglia).  

Learning and memory: Learning and memory comprise several processes that include coding 
visual or verbal information into short-term memory stores, retaining information longer term, 
recalling newly learned information spontaneously, and recognizing newly learned information 
that may or may not be recalled spontaneously. Retrograde memory refers to the ability to recall 
information learned in the more distant past. Brain structures related to learning and memory 
include the limbic system, specifically the hippocampus, and frontal cortex. 

Social-emotional: This domain encompasses expressions of affect or mood (temporary or 
chronic), including anxiety, depression, and irritability; ability to control strong emotions or 
reactions to events or people; communication patterns; traits such as tendency to externalize 
(often associated with attention-deficit/hyperactivity disorder [ADHD] diagnosis) or internalize 
(often associated with diagnosis of depression); reciprocal social behaviors, repetitive and 
restricted behaviors (often associated with autism spectrum disorder [ASD]); and personality 
traits. Relevant brain structures include the prefrontal cortex and limbic system. 

Verbal/language: Verbal skills include recognition of word meanings, ability to define 
vocabulary words abstractly, and comprehension of verbalizations. This domain is sometimes 
subdivided into verbal and language, with language skills referring more directly to skills 
associated with aphasia, such as confrontation naming, repetition, simple comprehension, and 
simple writing and reading. Most aspects of language/verbal function are mediated by the 
dominant cerebral hemisphere (usually left hemisphere, though aspects of complex interpretation 
of verbal information and appreciation of verbally expressed humor often involve the 
nondominant hemisphere).  

Visuospatial function: This domain includes the ability to evaluate pictures and drawings with 
missing details, appreciate and replicate visual designs and drawings, recognize gestalts, detect 
embedded figures, understand maps and navigate directions, perform facial and abstract design 
recognition, and complete puzzle and block design assembly. (Tests within this domain 
sometimes have a significant motor component.) Relevant brain structures include the parietal 
and occipital lobes, the cerebellum, the extrapyramidal system, and subcortical white matter 
connections.  

Processing speed: Time to complete tasks is assessed by this domain, which in recent years has 
been added to IQ and other omnibus tests. No parent tests assessing processing speed were 
identified in the epidemiological studies from the in-progress EPA IRIS toxicological review of 
MeHg, resulting in no evaluation table for this domain in Appendix B. Subtests belonging to 
omnibus tests that assess processing speed have been identified and listed for this domain. 
Relevant brain structures include the frontal and prefrontal cortex, cerebellum and basal ganglia, 
and the white matter connections within the brain. 
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Methodology for Identifying Psychometric Tests and 
Extracting Test Information 

This section describes the methods for identifying and selecting psychometric tests and 
extracting information on psychometric features of the selected tests. Test selection and 
information extraction were conducted to support an evaluation of the psychometric features of 
each test to determine the adequacy of tests in assessing neurodevelopmental or central nervous 
system (CNS) function in studies of neurotoxicants. Test selection and information extraction 
were conducted first and are described here. The test evaluation process and test evaluation 
results (found in Appendix B) are referenced in this section but are described in detail in the 
Principles for Evaluating Psychometric Tests section of the document. 

Process of Selecting Tests 
Specific psychometric tests for evaluation were selected and information on relevant test features 
was extracted using a set of studies identified from the systematic review and dose-response 
analysis for the in-progress EPA IRIS toxicological review of MeHg (see protocol for more 
details https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=345309; see Introduction for 
description of the focus on the MeHg literature in this document).  

Peer-reviewed and published epidemiological studies compiled by EPA by July 2019 as part of 
the in-progress EPA IRIS toxicological review of MeHg were reviewed and a list of 
psychometric tests was developed (n = 134 tests) based on these studies. Next, a multistage 
process was implemented to identify information to extract for describing the psychometric 
features of the identified tests. If accessible, physical manuals or electronic copies of test 
manuals for the identified tests were reviewed as a first step, as these manuals provided the best 
available primary sources of information. As a secondary source of information, several editions 
of two academic textbooks on neuropsychological testing, A Compendium of 
Neuropsychological Tests (Spreen and Strauss 1991; 1998; Strauss et al. 2006) and 
Neuropsychological Assessment (Lezak 1995; Lezak et al. 2004; Lezak et al. 2012), were 
manually searched to identify relevant test features in those sources. If access to a test manual 
was available and/or usable information was identified in these academic textbooks, further 
information was generally not sought. Tests with information from manuals or academic 
textbooks were automatically included in the extraction and evaluation process. 

In certain cases, when a physical or electronic copy of a manual or information from one of these 
academic textbooks was not available, peer-reviewed literature (original research and literature 
reviews) was identified by searching online journal databases for the test name, any related 
abbreviations, and relevant keywords (e.g., “psychometric,” “valid*,” “reliability”). EBSCO host 
was used to search multiple online databases, including Medline, CINAHL Complete, 
PsycARTICLES, PsycINFO, PsycBOOKS, and PsycEXTRA. Titles and abstracts were screened, 
and full-text articles were obtained if the abstract discussed psychometric properties, factor 
analyses, or comparisons with other neuropsychological tests. Studies on groups of people with 
specific conditions that may affect test performance (e.g., deaf patients) were not included. 
Ultimately, tests were included in the extraction and evaluation process if enough information 
was available to assess a majority of the evaluation principles (see Principles for Evaluating 
Psychometric Tests section) following the steps outlined above. After retrieving sources of 

https://cfpub.epa.gov/ncea/iris_drafts/recordisplay.cfm?deid=345309
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information for each test, relevant information was extracted and summarized in an Excel 
spreadsheet (titled “DNT_Test_Information_Extraction_Database.xlsx”; referred to in this 
document as the “extraction table”; Appendix C). 

Some tests were excluded from the extraction and evaluation process due to idiosyncratic 
features or insufficient information. Tests were identified as idiosyncratic if they appeared in a 
single MeHg study, were used only in a specific population, and/or were only used in studies 
later determined to not be conducive to dose-response analysis for the in-progress EPA IRIS 
toxicological review of MeHg. Tests were categorized as having insufficient information if no 
manual was available and secondary sources, including peer-reviewed literature, did not provide 
information to assess a majority of the evaluation principles.  

Of the 134 tests initially identified, 81 were included in the extraction and evaluation process 
(see Appendix A for the lists of included and excluded tests). Thirty-three tests with 
idiosyncratic features and 20 tests with insufficient information were excluded from the 
extraction and evaluation process. The number of included tests by information source(s) 
included: 

• Eight tests with information from manuals only 
• Twenty tests with information from manuals and academic textbooks 
• Two tests with information from manuals and peer-reviewed literature 
• Eighteen tests with information from academic textbooks only 
• Three tests with information from academic textbooks and peer-reviewed literature 
• Thirty tests with information from peer-reviewed literature only 

 
The included tests (n = 81 tests) were organized into broad domains based on a framework 
previously developed by the co-author Dr. Roberta White (White 2004; White et al. 2009; White 
2011). These broad domains included omnibus tests (intelligence quotient [IQ], academic 
achievement, developmental, and neuropsychological assessment batteries); clinical assessment 
instruments (clinical conditions and mental status assessments); and domain-specific functional 
tasks (attention, executive function, learning and memory, motor function, social-emotional, 
verbal/language, and visuospatial tests). Note that some tests may assess multiple domains. 

Subtests and subscales within tests that were used in the epidemiological studies from the in-
progress EPA IRIS toxicological review of MeHg were also identified; however, information 
extraction and test evaluation were conducted at the parent-test level and not for specific 
subtests, given resource constraints that inhibited the assessment of specific features of subtests. 
While each test evaluated in this document has been categorized by domain, there are cases for 
which subtests/subscales within omnibus tests assess domain-specific functions. In these cases, 
for each domain, the identified subtests or subscales are listed in a footnote below their 
respective domain-specific evaluation table in Appendix B. Please see the Principles for 
Evaluating Psychometric Tests section for further detail on the evaluation process, the 
evaluation results (Appendix B), and a description of the how the evaluations may be applicable 
for these cases. 
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Test Information Extraction 
The data in the extraction table (Appendix C) for each test include the following: 

• Test name and any alternative names 
• Test domain 
• Test publication date 
• Time required for administration 
• Appropriate age range for test administration 
• Original publication language(s) 
• Availability of the test in other languages 
• Availability of culturally adapted version(s) of the test 
• Source population or culture from which the test was developed 
• Test reliability (internal consistency and test-retest) 
• Test validation (content, construct, criterion) 
• Sensitivity and specificity of the test  
• Description of quantitative outcomes provided by the test 
• Test standardization or normative data 
• Applicability for use as a screening tool for clinical diagnoses 
• Training requirements and qualifications for test administrators, and the availability of 

specific instructions or a test manual 
• Appropriate test environment 

 
The sample populations used to develop the test and its norms were described in the extraction 
table (Appendix C) to the extent possible based on the source material. Direct quotes from the 
sources of information were extracted when appropriate. If no information was found for an 
extracted topic, it was recorded that no information was present in the available source materials. 
The extraction table was used to inform the test evaluation process. During the peer-reviewed 
literature search process, supplemental information was found for several tests for which 
information from manuals or academic textbooks had already been extracted. In these cases, this 
supplemental information was added to the corresponding test extractions. 
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Potential Limitations of Test Selection and Data Extraction 
Approach 
One limitation to the selection of tests is that the scope was narrowed to studies identified from 
in-progress EPA IRIS toxicological review of MeHg. Studies of other well-characterized 
neurotoxicants (e.g., lead, organophosphate pesticides) might yield additional tests that are 
relevant to assessing developmental neurotoxicity. While other well-studied neurotoxicants could 
have been included (e.g., lead), they were beyond the charge’s scope for developing this 
document. The approach used to select studies and extract data on properties of psychometric 
tests was limited by a lack of information for 20 of the 134 tests initially identified from in-
progress EPA IRIS toxicological review of MeHg. In addition, conducting complete extraction 
and evaluations at the subtest level for the original 81 included studies was beyond the scope of 
this effort. Thus, it is possible that subtests may be rated differently from their parent test. 
Moreover, because the selection of tests was based on the tests used in epidemiological studies 
identified for in-progress EPA IRIS toxicological review of MeHg, test selection may not reflect 
the latest versions of tests used for studying other neurodevelopmental toxicants. Despite these 
limitations, the tests selected and evaluated in this document are considered to be a 
representative selection of tests for effects in the associated domains that would be applicable for 
studying an array of neurodevelopmental toxicants, and the principles for evaluating the tests 
could be applied to future research. 

One issue that limited access to test-specific information was that information was often not 
available for older tests or for those tests that have not been used extensively in research. Thus, 
in general, lesser-used tests and older tests had less information or a poorer quality of 
information related to the features included in the extraction table (Appendix C). In addition, the 
sources of information varied among included tests (e.g., test manuals available for some tests 
and peer-reviewed literature only for others), which led to variation in the availability and quality 
of information. As a result, the features of individual psychometric tests were not systematically 
evaluated using the same types of information sources. The more commonly used tests and those 
with multiple and contemporaneous editions (e.g., the omnibus IQ tests such as the Wechsler, 
Stanford-Binet, and Kaufman scales) were originally developed and evaluated using robust 
processes conducted by the test developers (often commercial entities). Thus, they may have 
more complete information because of their well-funded, rigorous development and the detailed 
technical manuals that accompany the tests. This does not mean that other tests lack reliability or 
validity, only that information on these tests may be more difficult to obtain. In some cases, the 
manuals of tests with multiple versions did not contain information on specific topics included 
in the extraction table when a specific version was being reviewed. In these cases, data from 
manuals for other editions of the test were used or data were reported that relied on the expert 
knowledge and judgement of the evaluator, Dr. Roberta White. When data were not available 
from manuals or other literature (and therefore not reflected in the extraction table), 
evaluator expert knowledge and judgement were utilized, and such ratings were noted in the 
evaluation tables. 



Evaluating Features and Application of Neurodevelopmental Tests in Epidemiological Studies 

13 

Data Availability 
Data relevant for evaluating neurodevelopmental tests in epidemiological studies are included in 
the extraction table available in the NTP Chemical Effects in Biological Systems (CEBS) 
database: https://doi.org/10.22427/NIEHS-DATA-NIEHS-01 (NTP 2022). 

https://doi.org/10.22427/NIEHS-DATA-NIEHS-01
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Part 1: Principles for Evaluating Psychometric Tests  

The purpose of this section is to provide principles that can be used by scientists and regulators 
to determine if a psychometric test is adequate for assessing neurodevelopment or CNS function 
(including specific neurobehavioral domains or traits) or to aid in the selection of psychometric 
tests for research studies. While this document emphasizes developmental neurotoxicity studies 
of chemical exposures, these principles could be extended to other exposures (e.g., psychosocial 
stress, nutrition, etc.). The major principles for evaluating psychometric tests, which are 
described below, are those commonly used by psychometrists for this purpose. They include 
specific methods for evaluating aspects of the four overarching psychometric criterion areas: 
reliability, validity, standardized administration methods, and normative data associated with 
specific tests. It is critical to note that these criteria apply only to the features of the psychometric 
tests themselves and not to the application of the test in a research setting. (Part 2 of this 
document proposes criteria for test application.)  

The assessment of test-specific aspects of reliability, validity, standardized test administration, 
and normative data for the tests featured in Appendix B were based on information derived from 
a combination of sources described in the Introduction to this document and summarized in the 
extraction table (Appendix C). Evaluation of specific aspects or subcriteria for each of the four 
approaches to understanding the psychometric integrity and properties of the tests was completed 
independently by both of the evaluators (Dr. Roberta White and Dr. Joseph Braun) using the data 
summarized in the extraction table.  

The ratings for each subcriterion were the following: adequate, deficient, not applicable, or not 
present (i.e., not enough information available to the evaluator). For the normative data 
subcriteria, separate ratings were determined for adults and children (adulthood was defined as 
beginning at age 18 years). It should be noted that the evaluative ratings used do not necessarily 
dictate whether or not a test is appropriate for an individual study. For example, if a test or 
outcome is being used to evaluate a specific brain function in a unique population, but the test 
lacks adequate population norms, it can be used if its raw scores are appropriately analyzed. In 
addition, some criteria were difficult to rate because, in some cases, multiple sources of 
information or studies in the peer-reviewed literature on a test were consulted that varied 
considerably in quality or level of detail or contained different results across studies. Once 
independent ratings were determined by both evaluators, a consensus meeting was held to 
finalize them through discussion between the evaluators. Discussion was needed to arrive at a 
consensus rating for approximately 20% of the ratings. A final review of ratings was completed 
by the evaluators to ensure consistent application of evaluation criteria. Additional test 
descriptions and rating justification notes were added to the evaluation tables when needed. 
Explanatory notes for rating justifications were added for each instance of a deficient or not 
present rating and for some adequate ratings that were not clearly derived from the material 
provided in the extraction table (Appendix C). When data were not available in manuals or other 
literature (and therefore not reflected in the extraction table), the evaluators based their ratings on 
their own knowledge and noted this in the evaluation tables. 

While all four psychometric criterion areas (reliability, validity, standardized administration 
methods, and normative data) are important in evaluating psychometric tests, it should be noted 
that reliability, validity, and standardized administration methods are considered most important 
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in selecting psychometric tests for research studies and in determining the adequacy of 
psychometric tests to assess neurodevelopment or CNS function in epidemiological research. It 
is recommended that scientists and regulators consider the strength of the normative data only for 
tests that are considered adequate regarding reliability, validity, and standardized administration 
methods.  

Given the above considerations, the evaluation ratings for normative data are presented 
separately from the ratings for reliability, validity, and standardized administration methods 
because the adequacy of normative data is most relevant once a valid and reliable test has been 
developed. Moreover, adequacy of normative data is only applicable in epidemiological studies 
that use normative scores as outcomes rather than raw scores. In addition, many domain-specific 
tests are used to test hypotheses regarding specific skills and abilities to assess specific brain 
systems and are often not developed with the same resources as larger omnibus tests, resulting in 
limitations to or a lack of normative data. These tests can still be valid and reliable, but the scores 
they produce might need to be adjusted for age, sex, or other factors predictive of raw scores.  

Appendix B contains the evaluation ratings and notes for the tests by domain. For each domain, 
the ratings for reliability, validity, and standardized administration methods are provided in one 
table, and the ratings for normative data are provided in a second table. Subtests and subscales 
within omnibus tests assessing domain-specific functions that have been identified in 
epidemiological studies from the in-progress EPA IRIS toxicological review of MeHg are listed 
below their respective domain-specific evaluation tables. The evaluation tables provide the 
publication date of each test, as age of the test at the time a study was completed can be an 
important factor in considering whether a test was appropriately applied. For example, older tests 
may contain items or questions that no longer persist in general knowledge (e.g., naming 
outdated technology or household items, such as a record player). However, because test age is 
not static (i.e., it depends upon lag time between date of test and date of study, as well as reasons 
investigators chose the test), evaluation criteria were not developed for this variable. Factors 
related to the age of a test at the time it was employed in a study are considered in some detail in 
Part 2 of this document. 

This document does not provide an overall designation of adequate or inadequate (or any other 
ranking) for specific tests. The complexities of choosing, applying, and interpreting 
neurobehavioral methods in research settings prevents simplistic summary evaluations. Some 
users of this document may consider making this designation when they are trying to determine 
if a study using a given test will be included in a meta-analysis, if the results related to a test are 
to be used for policy decisions, or if the test will be administered as part of a research study. 
Thus, the relative importance of the four criteria (and subcriteria) in making these types of 
decisions will differ with the goal of the end user. For example, researchers selecting a test for 
administration in a research study might weigh the availability of specific, applicable normative 
data more heavily than the other domains because they are conducting a study in a culturally 
unique population. As another example, scientists selecting tests for inclusion in a meta-analysis 
of a specific neurobehavioral domain might place more weight on the validity of a test if they 
want to ensure that only results from tests accurately measuring the specific domain are included. 

Some caveats to applying the criteria in this document should be noted. First, designations of 
adequate or deficient are applied to the criteria without additional gradations. This is because 
there are standards available to designate a test as adequate or deficient for some aspects of the 
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psychometric criteria, but additional gradations are not available or widely used (White and 
Proctor 1992; White et al. 1994). While alternative methods (e.g., risk-of-bias analysis) 
could provide finer gradations of each criterion, systematic approaches that could do this for 
psychometric tests are not available. Thus, a binary designation allows users to determine if a 
given test meets the criteria as described below in a reasonable enough fashion that it would be 
acceptable for use in population-based research. This approach is consistent with clinical and 
research practice as some psychometric tests are used in clinical or research settings when 
the test has known inadequacies. For instance, this situation can arise when there are no 
better alternatives for assessing a given domain or when a test assesses a highly specific 
cognitive process.  

Many psychometric tests include both an omnibus assessment of a neurobehavioral function or 
successful neurodevelopment as well as subtests assessing specific domains related to that 
function. Therefore, some specific summary or subscale scores within an omnibus test may be 
adequate or deficient while others are not. In general, focusing on the summary scores (e.g., IQ 
measures, domain summaries) from tests is recommended for most purposes. In cases for which 
a test provides multiple domain or trait scores but no summary measure(s), using the overall 
pattern of adequacy/deficiency across domain or trait scores is recommended to determine the 
adequacy of a given criterion for the test as a whole. If the goal of the user is to apply a limited 
number of an instrument’s subtests (one or more) to assess specific domain functioning, only 
information relevant to the subscale(s) of interest should be considered by the user. This 
information is generally available in test manuals and can also be found in the peer-reviewed or 
gray literature.  

The major principles as noted above for evaluating psychometric tests (reliability, validity, 
standardized administration methods, and normative data) are described below.  

Reliability 
For a psychometric test to be reliable, its results should be consistent across time (test-retest 
reliability), across items (internal reliability), and across raters (inter-rater reliability). Part 2 
discusses inter-rater reliability of the document because it is not an intrinsic feature of a test. 
Thus, internal reliability demands that the individual items on a given test should measure the 
same domain(s) or trait(s) (i.e., internal consistency). Reproducibility, or test-retest reliability, 
requires that consistent scores would be obtained from the same individual upon repeated testing.  

To assess the internal reliability of a test, items within the test should be correlated with each 
other to ensure internal consistency. To assess the test-retest reliability of a test, it should be 
administered in a standardized manner to the same person twice, and the score(s) from the 
repeated measurements should be consistent.  

When assessing internal consistency, a high correlation among items on domain-specific 
subscales indicates that the test items measure the same trait (e.g., as indicated by having a high 
split-half reliability). The most popular criterion used to assess internal consistency was 
developed by Sattler (2001). He recommended that tests with reliability coefficients <0.6 (e.g., 
correlations mentioned above) be deemed unreliable. Moreover, for research purposes, Sattler 
(2001) suggested that tests with reliability coefficients ≥0.6 and <0.7 be considered marginally 
reliable and those with coefficients ≥0.7 be considered relatively reliable. 
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For test-retest reliability, high correlations between repeated administrations of a test to the same 
person within an appropriate time interval ensures that the test can consistently measure trait(s) 
assessed by the instrument in an individual. Test-retest reliability is generally assessed by 
intraclass correlation coefficient (ICC; ideally >0.4), Pearson correlation coefficient 
(ideally >0.3), or Cohen's kappa coefficient (>0.4). 

Determining adequacy: When evaluating a given psychometric test, it must have internal 
consistency reliability coefficients of ≥0.6 (e.g., Cronbach’s alpha, ICC) to be considered 
“adequate.” Test-retest reliability should meet one of the following criteria as indicated above: 
ICC >0.4, Pearson correlation coefficient >0.3, or Cohen's kappa coefficient >0.4. Some 
deviations for subtests are acceptable if summary scales or the majority of subtests are at least 
marginally reliable. 

Validity 
Validity is typically assessed across three broad domains: content, construct, and criterion 
validity. Each is distinct but ultimately all are related to a test’s ability to measure what it is 
designed to measure. It is critical to note that validity is not a static, “all or none” metric and is 
re-evaluated as a test is used in varied clinical practice and research settings over time.  

Content validity is the extent to which the test items, tasks, and questions assess the trait that the 
test is designed to measure. This can be thought of as a sampling issue, wherein the test content 
should be representative of the population of all possible test content that could measure that 
trait. Content validity is assessed by evaluating test themes, theoretical models, scientific 
evidence supporting a test, domain definition, domain operationalization, item selection, and 
item review. Review of content validity is often qualitative in nature and relies on expert 
evaluation and judgment; however, quantitative techniques like factor analytic approaches are 
often used to refine test content and confirm content validity.  

Construct validity is the degree to which the test estimates the trait of interest using the items 
selected for the test. It usually pertains to complex traits (e.g., intelligence). Note that a construct 
is theoretical and requires accumulation of evidence from several sources beyond correlation of 
tests purported to measure constructs such as intelligence. Construct validity is evaluated with 
formal construct definitions, correlations with other tests that measure the same (convergent 
validity) and different (divergent validity) construct(s), and factor analysis. Construct validity is 
quantitatively assessed using results (typically correlation coefficients) from well-designed 
studies that administer the test of interest to normative and clinical samples of individuals. There 
are no strict thresholds to establish construct validity, but minimum correlation coefficients of 
0.3 have been proposed (Lezak 1995; Lezak et al. 2004; Lezak et al. 2012). Correlations with 
related tests reflect convergent validity, while relationships to tests that measure other traits 
should be low, establishing discriminant validity.  

Finally, criterion validity assesses the ability of a psychometric test to predict an individual’s 
performance or outcome now (concurrent validity) or in the future (predictive validity). It 
requires identification of an appropriate criterion for comparison (e.g., clinical disease related to 
the trait), assessment of the test and criterion, calculation of classification accuracy, or 
correlation with other tests/criteria. 
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Determining adequacy: Content, construct, and criterion validity should be separately evaluated 
for each test. 

(1) Content validity: Qualitatively determine that the test is theoretically grounded, had 
item content appropriately identified from a large item pool that was expertly judged 
and curated, and has defined and theoretically justified domains. Factor analysis can 
be used to confirm that included items are specific to the domain(s) of interest. 

(2) Construct validity: Must show validity through positive correlations with other 
measures of same construct or similar test (i.e., convergent validity). Ideally, the test 
should not be correlated with unrelated constructs (i.e., divergent validity). Factor 
analysis can be used to support any summary or subtest scales.  

(3) Criterion validity: Criterion should be well defined; must be reasonably accurate in 
association with or for predicting criterion (e.g., kappa > 0.6).  

Standardized Administration Methods 
Psychometric tests must be administered in a rigorous and standardized fashion. This precision is 
critical in population-based studies when groups of participants with different levels of exposure 
are being compared with one another, as non-standardized administration could introduce 
random or systematic bias. When comparing results from one study with another, it is also 
critical to ensure that data were collected in the same fashion (i.e., the studies carried out the 
same test in the same way). 

Well-designed psychometric tests include explicit guidelines regarding test material 
presentation/organization, instructions to participants, instructions to test administrators on 
scoring participant responses and calculating test scores, and explicit phrasing for oral 
instructions and/or verbal questions. Some psychometric tests use stimulus material (e.g., 
pictures, blocks), and the same standardized materials must be used across test sessions to ensure 
consistent responses from subjects. In addition, the materials used in the test should be identical 
to those described in the test administration manual or provided by the publisher of the test.  

Finally, psychometric tests often require administration by trained personnel or supervision by a 
clinical psychologist, neuropsychologist, or other appropriate professional. The interpretation of 
test results or feedback to parents/guardians and affected communities must be conducted by 
persons with professional credentials appropriate to the outcomes and the setting in which the 
study is conducted. The required qualifications of the test administrator should be indicated in 
the test manual or a document of standardized test procedures. An exception to this can be self-
administered questionnaire instruments that are completed by individuals about themselves (self-
reports) or others (teacher or parent ratings of children). 

Determining Adequacy: The following rules should be used to evaluate the adequacy of a test’s 
administration instructions. Part 2 notes specific administration factors relevant to studies of 
developmental neurotoxicity.  

(1) The test must have a manual or published paper that provides explicit and clear 
instructions on how test materials should be administered, how responses are scored, 
and how normative scores are calculated.  
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(2) Tests that use stimulus materials should include standardized materials for 
administration. 

(3) Test manuals should explicitly state the qualifications necessary to administer a test, 
with the exception of questionnaire instruments. 

Normative Data 
Almost all psychometric test manuals provide normative data that allow conversion of 
participants’ raw scores into scaled scores (mean = 10, SD = 3), T-scores (mean = 50, SD = 10), 
or standard scores (mean = 100, SD = 15) with corresponding percentiles. These converted 
scores and percentiles are calculated based on data from a reference (or normative) population. 
Typically, test developers administer the test to a sample of hundreds or thousands of 
participants drawn from the target population of interest; normative scores, as well as 
corresponding percentiles, are derived from these individuals. This scoring is often conducted by 
calculating means and SDs of raw scores for specific ages of children or adults.  

In culturally distinct populations for which test items and raw scores are determined to be valid 
and reliable, normative data are not necessary. Thus, the adequacy of normative data does not 
need to be assessed. Raw scores or study-specific normative scores can be used in statistical 
models when certain assumptions are met, and appropriate statistical techniques are used. The 
nature of some raw scores may preclude using them as the outcome in regression models. For 
instance, the Bayley Scales have infants or children complete a different set and number of items 
based on their age. Thus, the raw scores may not be equivalent across individuals. While a 
variety of methods could be used to create new scores (e.g., summed scores, PCA-derived 
scores), they have various strengths and limitations (McNeish and Wolf 2020). A full evaluation 
of these methods is beyond the scope of this document. 

It is important to note that the sample size and representativeness of normative data for some 
domain-specific tests of neurobehavioral function are smaller and less generalizable, 
respectively, than those for commonly used omnibus tests such as intelligence tests or tests of 
overall neurodevelopment that have been developed by large psychological service companies. 

The importance of adequate normative data for tests depends heavily on why the researcher is 
utilizing the test and how the outcomes are scored. Some tests, especially those that assess highly 
specific neuropsychological functions, are used because they allow for evaluation of specific 
relationships between structural brain function and a predictor such as exposure to a toxicant. 
Other tests are applied to an experimental situation because no standardized tests are available 
for the population being evaluated. In these situations, and in other circumstances when the 
normative data available for a test are not appropriate according to the standards listed below, the 
instrument may be legitimately applied, but outcome data must be appropriately analyzed. For 
example, raw scores might be adjusted for relevant confounders such as age, gender, educational 
attainment, or parental education. Several features of a test’s normative data should be evaluated. 

(1) First, differences in native language, even different dialects, can affect an individual’s 
performance on a psychometric test. Thus, normative data should ideally be derived 
from participants with the same language and, if possible, the same dialect.  

(2) Different cultures, races, and ethnicities may be exposed to different educational 
materials or have different socioeconomic backgrounds. These factors can affect test 
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performance. Thus, normative data should be representative of these subgroups. In 
some cases, researchers develop normative data for which a test is adapted to specific 
cultures, languages, or subgroups. When examining the normative data associated 
with a test, it is important to consider the sample sizes for subgroups (e.g., 
racial/ethnic minorities), as this affects the precision of normative data for these 
subgroups.  

(3) Almost all psychometric tests, particularly those administered to infants and children, 
are age-standardized to account for age-related neurodevelopment. Thus, age-specific 
normative data should be available for specific age groups. Moreover, the age ranges 
within the age bins used for standardization should be examined to ensure that they 
are granular enough and include data from enough children to accurately capture age-
related differences in neurodevelopment.  

(4) The process for generating normative data should be systematic in terms of 
participant recruitment, representativeness, test administration, and score/percentile 
derivation.  

Determining adequacy: The following criteria should be met for a psychometric test to have 
adequate normative data.  

(1) Normative data should be based on sample sizes of at least 1,000 for omnibus tests 
and should adequately represent the population for which the test was intended. 
Smaller sample sizes may be appropriate for domain-specific tests. (In the evaluation 
tables, a sample size of 250 was considered adequate for domain-specific tests.)  

(2) Normative data should be appropriate for the culture and language of the participants 
to which the test is being administered.  

(3) Normative data should be derived in a systematic fashion and not from convenience 
samples. 

(4) Age-specific normative data should be derived. Adequacy of age-specific information 
available for tests is judged by several factors. The age-specific norms should be 
appropriate for the population to which the test is administered and of an adequate 
size to derive stable means and percentiles—measured in weeks or months for 
infants, months for younger children, and years in older children (late adolescence) 
and adults. Age bands in adulthood should not be too wide (e.g., greater than 5 years) 
in later adulthood, when declines can occur for many tests. In addition, the number of 
participants included in the determination of the age-specific norm should be 
adequate; generally, this ranges from 30 to 100 depending on the kind of test. Large 
population omnibus measures such as IQ tests should average about 100, whereas 30 
may be adequate for domain-specific tests. Finally, the age bins or age ranges used 
should be appropriate for the trait being evaluated. For example, tests of cognitive 
abilities generally require much narrower age bands than tests of social/emotional 
traits. When evaluating the age-specific normative data, the evaluators considered all 
three criteria in determining adequacy. 
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Part 2: Potential Sources of Bias Related to Selection and 
Administration of Neurodevelopmental Assessments in 
Epidemiological Studies 

The results of neurodevelopmental assessments can be biased by factors related to the attributes 
of psychometric test(s), features of the study participants, and/or aspects of test administration. 
Outcome misclassification resulting from measurement error of an outcome by a psychometric 
test or clinical diagnosis can introduce systematic or random bias depending on whether it is 
related to the exposure of interest. Non-differential (i.e., random error) outcome misclassification 
occurs when the bias is unrelated to the exposure of interest and is expected to attenuate the 
association between the exposure and outcome toward the null. Differential (i.e., systematic 
error) outcome misclassification occurs when the bias in the outcome is related to the exposure 
of interest and is expected to change the direction and magnitude of the observed association 
relative to the true association. 

To illustrate these two types of biases, imagine a study estimating the effect of MeHg exposure 
on children’s IQ that uses two geographically separate populations similar in all regards, except 
that one population consumes high levels of MeHg-contaminated fish and the other does not. 
The investigators in this study intend to use study location (i.e., MeHg-contaminated fish 
consumption) as a proxy of MeHg exposure. A single researcher assesses the IQ of children at 
the two study sites. Furthermore, imagine that consumption of contaminated fish causes 
reductions in child IQ. Non-differential misclassification could arise if the researcher 
inadvertently scores some children’s IQ two points higher than they should have at both study 
locations. In the absence of other biases, this random error creates “noise” in the data and would 
be expected to attenuate the association between MeHg (i.e., study location) and IQ toward the 
null. Differential misclassification could arise if the researcher scored children’s IQ two points 
lower at the study location that consumed MeHg contaminated fish but did not do so at the other 
study location. In the absence of other biases, this systematic error would be expected to cause an 
overestimation of the association between MeHg and IQ. 

An overview is presented below that describes how various factors could influence psychometric 
test performance or scores. Details are provided about the features that a study would have to 
include to minimize the influence of these factors. Central to evaluating the potential bias from 
outcome misclassification, criteria are presented for deciding whether a study adequately 
addresses a given factor that could create bias (Table 1). The specific evaluation levels that were 
used are very low, low, moderate, and high likelihood of bias (Table 2). Uncertain can be used in 
cases in which the study authors do not provide sufficient information about a factor. Additional 
details about each factor are provided in Table 1. 

Factors were identified that influence neurodevelopmental test performance iteratively in 
consultation with collaborators at DNTP and EPA. The process included starting with a list of 
factors known to influence test performance given past experience (e.g., participant age, culture, 
and test conditions). Additional factors specific to studies of MeHg were added based on 
discussions with EPA collaborators (e.g., score derivation) or from prior assessments of the 
literature (e.g., blinding). 
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In some cases, fewer than four levels were applied to each criterion. For some factors, only very 
low and low were selected because it was determined that the factors were unlikely to affect the 
interpretation of the results. In other cases, only very low and high were selected for likelihood of 
bias when it was determined that the factor did not have finer gradations. Finally, instances were 
noted for which the absence of information about a given factor warrants a rating of moderate 
risk of bias because the failure to address this factor increases the likelihood of biasing a study’s 
results or reduces the validity of the psychometric test(s) administered to the participants. In 
other cases, when a given factor is not discussed, there is not necessarily a high likelihood of bias 
that would systematically distort psychometric test performance. However, the failure to address 
this factor could increase random error. 

Given that there are a variety of ways to administer psychometric tests—examiner-administered, 
questionnaire, or computerized—some of the factors discussed below do not apply to certain 
types of tests. Examiner-administered tests are those for which an examiner is directly 
administering the test to a participant and is also responsible for scoring responses. 
Questionnaires include participant, teacher, or parent ratings of the participant’s thoughts, 
behaviors, or feelings. Computerized tests are those that are completed via a laptop, desktop 
computer, or tablet after standardized instructions are provided by an examiner or the software. 

Application of the evaluative criteria for each factor should be applied to each psychometric test 
that was used for data analysis in a study (or manuscript). Most, if not all, cohort studies 
examining developmental neurotoxicity have administered a variety of examiner-administered, 
questionnaire-based, and computerized tests to participants. Thus, it is possible for there to be 
low risk of bias for one test but a higher risk of bias for another test within the same study. 

As noted at the beginning of this document, the evaluation ratings provided in Part I are not 
meant to provide a definitive determination of whether a psychometric test should be used in a 
particular setting. Rather, they provide a summary of what is known about each test’s 
psychometric properties to guide the reader in making such determinations. At the broadest level, 
an assessment of an outcome’s usefulness and validity will need to consider whether a given 
factor will affect the internal and external validity of a result. A study’s results could be 
internally valid even in the presence of biases related to psychometric test administration. For 
instance, the normative scores used as the outcomes from a psychometric test in a study may not 
be derived from a reference population that is highly similar to the one used in the study, but the 
direction and magnitude of the reported association might be similar regardless of how the scores 
were treated. Approaching the evaluation in this way will help guide decisions about whether a 
given result is informative for a meta-analysis or risk assessment. 

Note that evaluators will need to apply some discretion regarding the context of the specific 
psychometric test, study location, participants, and other factors when applying the principles 
described below. For example, with regard to study location, some countries or institutions may 
only require master’s level training in psychology or neuropsychology to supervise study staff 
administering psychometric tests, but in other countries, doctoral-level training may be required. 
As another example, specifically with regard to psychometric test translation, translation and 
back-translation are important for all tests, with pilot testing of the translated versions conducted 
before the study begins. 



Evaluating Features and Application of Neurodevelopmental Tests in Epidemiological Studies 

23 

Four factors are less applicable to questionnaires—examiner training, examiner blinding, number 
of examiners, and test environment. It is possible that these factors could introduce random error 
into the measurement of a trait. For example, if an examiner “guides” the respondent to indicate 
abnormal functioning by saying that this is what the study is looking for in a particular exposure 
situation, the outcome could be biased. This can be avoided by providing scripts to examiners to 
use when they hand questionnaires to respondents. In addition, participant responses on a 
questionnaire might vary if they are in a quiet room at the study clinic versus a noisy room in 
their residence. However, systematic bias related to aspects of test administration seems less 
likely using self-administered questionnaires. 
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Table 1: Summary of Factors Influencing Neurodevelopmental Test Performance and the Likelihood of Bias 

Factor 
Likelihood of Bias 

Very Low Low Moderate High Uncertain 

Test Selection The psychometric test was 
selected based on existing 
scientific knowledge about the 
effects of a given toxicant on 
nervous system development. 
This could include knowledge 
obtained from experimental 
animal, acute toxicity, case-
series, or epidemiological 
(e.g., occupational or 
population-based) studies. 

The psychometric test was 
selected because it has been 
demonstrated to be sensitive 
to other neurotoxicants or 
because the study authors are 
attempting to replicate a prior 
finding of a study with low 
likelihood of bias in this 
domain.  
 
The test was selected for 
convenience or because it was 
previously used to examine 
other hypotheses. 

N/A The test is no longer 
considered a valid measure 
of the traits it was designed 
to assess when it was 
originally developed.  

The study authors 
do not state why 
the psychometric 
test was selected. 

Age of Participant The psychometric test is 
appropriate for the age range 
of participants being examined 
in the study. 

The psychometric test is age-
appropriate for the 
participants being studied, but 
the outcome(s) being 
examined might be more 
reliably assessed at other 
ages. 

The age-
appropriateness of the 
test or age of the 
participants is not 
stated or cannot be 
determined. 

The psychometric test is 
not appropriate for the age 
range of participants being 
examined in the study. 

N/A 



Evaluating Features and Application of Neurodevelopmental Tests in Epidemiological Studies 

25 

Factor 
Likelihood of Bias 

Very Low Low Moderate High Uncertain 

Test Culture The psychometric test was 
developed for the culture of 
the participants being 
examined in the study.  
 
In cases when the test is being 
adapted to other cultures, there 
is evidence from validation or 
pilot studies in the target 
population demonstrating the 
validity and reliability of the 
adapted test. 

In the case of multisite 
studies, a culturally 
appropriate test was 
administered to the 
participants being examined 
in the study, exposure was not 
related to study site, and the 
investigators took efforts to 
minimize potential 
differences in psychometric 
test performance related to 
study site. 

The psychometric test 
is not culturally 
appropriate for the 
study participants 
being examined or 
there is no evidence 
presented that it is 
valid or reliable in the 
population being 
studied.  
 
The cultural 
appropriateness of the 
test is not stated. 

In the case of multisite 
studies, there are cultural 
differences across study 
sites that could affect 
psychometric test scores 
among participants being 
examined in the study, and 
study site is related to 
exposure. 

N/A 

Test Language The psychometric test was 
developed for the primary 
language of the participants 
being examined in the study.  
 
In cases when a test was 
translated to another language, 
translation and back-
translation is evident. There is 
evidence from validation or 
pilot studies in the target 
population demonstrating the 
validity and reliability of the 
translated test. 

The test was translated and 
back-translated; there is no 
evidence demonstrating 
validity or reliability of the 
translated test in the target 
population.  
 
The test was translated, but 
not back-translated; there is 
evidence of validity and 
reliability of the translated 
version.  

The psychometric test 
was adapted for 
another language, but 
only translated and not 
back-translated for 
comparison to the 
original test, and there 
is no evidence of 
validity or reliability of 
the test in the new 
language.  
 
The study authors do 
not state if/how the test 
was translated and 
whether validity 
studies were 
performed. 

The psychometric test was 
not administered in the 
same language spoken by 
the study participants.  

N/A 
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Factor 
Likelihood of Bias 

Very Low Low Moderate High Uncertain 

Test Score 
Derivation 

Normalized test scores are 
appropriate for the source 
population of the study 
participants (i.e., developed for 
this source population).  
 
Alternatively, raw scores are 
used in analyses wherein 
norms do not exist and raw 
scores are adjusted for factors 
known to influence test 
performance (e.g., age and 
sex). 

Normalized scores from a 
comparable target population 
are applied to the study 
participants (e.g., United 
States versus Canada). 

Normalized scores 
from a noncomparable 
target population are 
applied to the study 
participants (e.g., 
United States versus 
China). 
 
Raw scores are used 
and there are no 
adjustments for factors 
predictive of the 
measured trait. 
 

N/A The study authors 
do not state which 
scores were used 
or do not provide 
details about 
score derivation. 

Standard Test 
Administration 

The psychometric test was 
developed for the population 
being studied and there is 
evidence that it was 
administered in a standardized 
manner. 

In cases when tests were 
adapted for the study 
population, the adapted 
version is administered in a 
standardized fashion. There is 
evidence that the adapted 
version is reliable across 
study sites and examiners. 
Moreover, there is evidence 
that the adapted test measures 
the same construct (e.g., 
cognition, motor skills) in the 
target population as in the 
population for which the test 
was developed (i.e., validity). 

In cases when a test 
was adapted for the 
study population, the 
adapted version is 
administered in a 
standardized fashion, 
but there is no evidence 
of the reliability or 
validity of the adapted 
test. 

There is no evidence that 
the adapted test has been 
administered in a 
standardized fashion within 
the study. Reliability and 
validity of the adapted 
version has not been 
demonstrated. 

N/A 
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Factor 
Likelihood of Bias 

Very Low Low Moderate High Uncertain 

Examiner Training A Ph.D.-level investigator with 
training in psychometric tests 
trains study staff on how to 
administer tests and assesses 
examiner validity and 
reliability at baseline about 
every 12 months.  
 
Examiners have adequate 
training and experience 
administering tests and have 
special training or experience 
for unique subpopulations 
(e.g., children). 

A Ph.D.-level investigator 
trains staff initially, but there 
is no additional training or 
testing to ensure continued 
validity and reliability.  
 
Examiners have adequate 
training and experience 
administering tests but may 
not have special training or 
experience for unique 
subpopulations (e.g., 
children). 

The study authors do 
not report features of 
examiner training and 
experience. 

No staff training by a 
Ph.D.-level investigator is 
conducted or the examiners 
are inexperienced with 
administering psychometric 
tests.  

N/A 

Examiner Blinding  The examiners (or reporters) 
are blind to each study 
participant’s exposure at the 
time of examination(s). 

In the case of multisite 
studies for which participants 
were selected on the basis of 
exposure, the investigators 
make efforts to minimize the 
potential for an examiner’s 
knowledge of participant 
exposure to influence 
examinations. This includes 
minimizing examiner effects 
(i.e., high interrater 
reliability), providing 
adequate and repeated 
refresher training to 
examiners, and controlling for 
study site in statistical 
analyses if warranted. 

For single site studies, 
the examiners (or 
reporters) are not blind 
to each study 
participant’s exposure 
at the time of 
examination(s).  
 
The study authors do 
not report on the 
blinding of examiners 
or reporters. 

In the case of multisite 
studies for which 
participants were selected 
on the basis of exposure, 
the investigators did not 
make efforts to minimize 
potential for examiner’s 
knowledge of participant 
exposure to influence 
examinations. 

N/A 
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Factor 
Likelihood of Bias 

Very Low Low Moderate High Uncertain 

Number of 
Examiners 

There is one examiner who 
administers all psychometric 
tests and has high reliability. If 
there are multiple examiners, 
the interrater reliability is high 
and examiners are assessed for 
validity and reliability about 
every 12 months. Longitudinal 
assessments are done by the 
same examiner(s) when 
feasible. 

N/A There are multiple 
examiners with 
uncertain interrater 
reliability or the 
interrater reliability is 
low with any number 
of examiners.  
 
The study authors do 
not state the number of 
examiners. 

N/A N/A 

Test Environment The described test conditions 
are optimized to obtain the 
best estimate of an individual’s 
psychometric test score. 
Rooms are quiet, well lit, and 
free of distractions. 
Accommodations are made for 
pediatric participants.  

Test conditions vary, but 
attempts are made to 
standardize and optimize the 
conditions (e.g., tests 
administered in schools or 
participant homes). 

Test conditions are not 
standardized or 
optimized.  
 
The study authors do 
not state the test 
conditions.  

In the case of multisite 
studies for which 
participants are selected 
from sites on the basis of 
exposure, the testing 
environment is related to 
study site and the subject’s 
performance on the test. 

N/A 
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Factor 
Likelihood of Bias 

Very Low Low Moderate High Uncertain 

Longitudinal 
Measures 

The same or a comparable 
psychometric test is 
administered by the same 
examiner (when feasible) at 
least 12 months apart.  
Because specific tests may be 
revised during a longitudinal 
study, the version of the 
instrument used must be 
considered. Best practices can 
include continuing to use the 
version of the test initially 
applied, especially if the 
adjusted raw score outcomes 
are utilized or the study aim is 
to determine if the predictor 
variables cause test 
performance to change over 
time. 

The same or a comparable 
psychometric test is 
administered by different 
examiners and used over 
time, or less than 12 months 
elapsed between 
examinations. 
A comparable test can include 
a newer version of the test 
applied earlier to the 
population, especially if 
normative outcomes are 
utilized or if the test 
undergoes very little change 
during revision. Sometimes, 
however, a revised version of 
a test differs too much from a 
previously applied version 
and may not be truly 
comparable.  

Noncomparable 
psychometric tests are 
administered on 
different occasions but 
are treated as 
interchangeable. 
Statistical methods are 
not appropriate for 
analyzing repeated 
measures data. 

N/A The study authors 
do not state 
whether the 
measures are 
comparable over 
time. They do not 
report length of 
time between 
measures, number 
of examiners, or 
statistical 
methods. 
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Factor 
Likelihood of Bias 

Very Low Low Moderate High Uncertain 

Clinical Diagnosis Neurodevelopmental disorder 
diagnoses are made according 
to established criteria, 
confirmed in a subset of 
individuals using other 
diagnostic methods or 
validated using other methods, 
and do not vary across space 
and time.  

N/A Diagnoses are not 
confirmed using 
another method or 
diagnostic methods 
varied over space and 
time and these 
differences are not 
taken into account.  
 
It is not clear how 
diagnoses were made, 
whether they were 
confirmed using other 
methods, or if 
diagnostic criteria 
varied over space and 
time. 

Diagnoses are not made 
according to established 
criteria. 

N/A 

N/A = not applicable.
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Table 2: Likelihood of Bias for Individual Factors Related to Psychometric Test Administration in 
Epidemiological Neurodevelopmental Toxicity Studies 

Likelihood of Bias How to Interpret 

Very Low Appropriate study conduct related to the factor and minor deficiencies are not expected to 
influence the results. 

Low The study has some limitations, but limitations are not likely to be severe or have a 
notable impact on the results. 

Moderate Identified biases or deficiencies are interpreted as likely to have a notable impact on the 
results or prevent reliable interpretation of study findings. 

High A judgment that the study conduct relating to the factor introduced a serious flaw that is 
interpreted to be the primary driver of any observed effect or makes the study 
uninterpretable. Study is not used without exceptional justification. 

Uncertain The study authors did not present information about the factor and an evaluation of it 
cannot be conducted. 

Test Attributes 
Several attributes need to be considered when evaluating the use or features of a psychometric 
test. In Part 1 of this report, details are provided about the psychometric properties and features 
of specific tests. This section describes more broadly how specific test characteristics influence 
their use and interpretation in population-based studies. 

Selection of Psychometric Tests 
Selection of appropriate psychometric tests for research assessing toxicant effects on the 
developing nervous system requires an understanding of the toxicant and research question. The 
selection of tests will depend on the toxicant of interest. Different toxicants affect different 
nervous system pathways, and thus affect specific domains or subdomains of neurobehavioral 
function. A null result may not indicate a lack of neurotoxicity of the chemical being 
investigated, but rather that the toxicant does not affect the biological pathways related to the 
domain, subdomain, or behavioral outcome measured by the test(s) chosen for the study (i.e., 
lack of sensitivity).  

Ideally, to safeguard against this situation, psychometric tests should be selected based on a 
review of existing scientific knowledge (e.g., experimental studies in animals, acute toxicity 
studies or case-series, occupational studies) about the nervous system pathways and structures 
that are affected by the exposure of interest. Knowledge about mechanisms of neurotoxic action 
on the nervous system and its structures can be used to select outcomes that are most likely to 
detect neurotoxic effects. It is important to note that, for some toxicants, there may be no or 
limited prior literature available to select outcomes that would be most sensitive. In this case, 
researchers might consider the effects of toxicants with similar structure and modes of action in 
their choice of outcomes. Alternatively, they might assess a broad range of domains using 
outcomes with previously documented sensitivity to various neurotoxicants, with the intent of 
identifying which facets of neurodevelopment are potentially affected by the toxicant of interest.  

Less ideally, psychometric tests are selected out of convenience because they are familiar to the 
researchers, used by other researchers, readily available, or easy to use. In addition, some cohort 
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studies that were designed to evaluate questions about neurodevelopment, but not specifically 
neurotoxicity, are adapted for use in the field of neurotoxicology. These cohorts often have large 
sample sizes, relevant covariates, and available biospecimens or environmental samples that can 
be used to assess neurotoxicant exposure during periods of heightened susceptibility (e.g., 
pregnancy, childhood). In these cases, the neurodevelopmental outcomes may have been selected 
to address other research questions or as general assessments of neurodevelopment (e.g., IQ 
tests, personality tests) without a specific a priori reason to use them for studying a given 
toxicant. In some cases, this situation may underlie null findings. In general, these sources of 
data can be helpful in the absence of resources to create new cohorts or conduct new studies. 

The “age” of a test is an additional consideration for test selection because psychometric tests are 
often replaced by newer versions of a test or are phased out of use. Evaluators should consider 
the length of time between test development and test administration. “Aged” tests may 
no longer be relevant to contemporaneous populations (e.g., content or language) or their validity 
and the theoretical constructs on which they are based may no longer be consistent with the latest 
advances in psychometric testing and neurodevelopment. Assuming that a “dated” test 
remains valid, it may continue to be used in cases when the test users have already conducted 
repeated assessments using the same instrument. However, the normed outcomes 
(e.g., scaled scores) may need to be updated or raw scores, rather than normed scores, may need 
to be used as outcomes with adjustment for age, sex, or other factors that explain variance in the 
raw scores. Given the difficulty in determining if an individual test is “dated” at the time of its 
administration, this factor was not considered as an evaluative criterion in this document.  

Appropriateness of Tests for Assessment 
The previous section describes how psychometric properties of individual tests might influence 
the ability to validly and reliably assess a given domain or subdomain of neurodevelopment. 
How these features interact with attributes of the population being studied is considered below.  

Participant Age 
The age of the participants at the time of test administration is important to consider because 
virtually all psychometric tests are developed for specific age ranges, and the results of some 
tests may vary as a function of age. For instance, some tests of cognitive abilities have been 
developed specifically for preschool children (e.g., Wechsler Preschool and Primary Scale of 
Intelligence [WPPSI]), whereas others have been developed for school-age children (e.g., 
Wechsler Intelligence Scale for Children [WISC]) (Wechsler 2002; Wechsler 2003). For a given 
test, scores might be age-standardized to allow comparisons of psychometric traits across 
children of different ages.  

In some cases, the appropriate age for administering a given test is stated in years. Unless stated 
otherwise, it should be assumed that this is inclusive from the first date of the first year to the last 
date of the last year (e.g., a test designed for 2- to 5-year-olds is appropriate for children who are 
greater than or equal to 2 years of age and less than 6 years of age).  

Failure to adhere to age ranges recommended by the test developers can lead to invalid results. 
An egregious example would be to administer tasks that require reading to pre-literate children. 
Thus, it is essential that the selected psychometric test is designed and validated for the age 
group of interest and that the test is only administered to age-appropriate subjects.  
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The values and variability of some psychometric test scores vary as a function of age. For 
instance, parent-reported child anxiety can increase as children age (Braun et al. 2017). In 
addition, an environmental toxicant may not be associated with some domains of child cognitive 
development if the presence or variance of the trait associated with the domain is absent or low, 
respectively. For example, some executive functions develop later in childhood than others. 
Moreover, the reliability of a specific domain could be lower at younger ages (e.g., infancy) 
when performance on a given test may be sensitive to recent feeding or sleeping. For instance, 
the Mental Development Index of the Bayley Scales of Infant Development-II (BSID-II), a 
measure of infant and toddler cognitive abilities, has fair reproducibility in the first 3 years of 
life, whereas the full-scale IQ of the Wechsler instruments, another measure of cognitive 
abilities, has excellent reproducibility at later ages (Braun et al. 2017). At earlier ages, the 
variability in test scores arises because of the highly dynamic nature of development and 
potential for other factors (e.g., lack of sleep, hunger) to have a greater effect on test 
performance. This variability does not negate the validity of neurodevelopmental assessments at 
earlier ages but may increase the variance in measures taken at earlier ages (i.e., random error).  

Preferably, the age of test administration is selected based on a priori knowledge of the specific 
domain being assessed in order to reduce within-person variance or age-related changes in the 
trait associated with the domain. Alternatively, longitudinal measures of the domain can be 
collected to reduce within-person variance as well as to examine the effect of an environmental 
toxicant exposure on trajectories of a domain. 

A final point to consider with regard to age is the length of the psychometric test battery. Scores 
obtained during a lengthy test battery might not reflect a participant’s true abilities. For instance, 
infants and toddlers usually will not tolerate more than 75 minutes of testing, whereas school-
aged children can tolerate 2–3 hours. In addition to length of the test battery and age-
appropriateness of the test, investigators ideally should provide information about whether 
participants received adequate breaks between tests or tests were completed during multiple 
visits.  

Culture  
Psychometric test results could be biased to specific cultural groups in ways that affect 
performance. Even tests like the Raven’s Progressive Matrices, which are thought to be 
“culturally fair,” favor participants who have formal schooling that teaches them to organize data 
into rows and columns (Nisbett et al. 2012). Other examples include using test items (e.g., 
analogies) that might be unfamiliar to certain cultures. 

Ideally, psychometric tests are selected so that cultural biases are minimized. Initially, pilot 
testing of psychometric tests in the study population of interest can provide data to ensure that 
there are not specific items or composite/subscale scores that are lower than expected, that the 
participants understand test expectations, and that items are correctly ordered for difficulty. In 
the absence of these problems, comparison of normed scores in the study participants to other 
reference populations can aid in identifying cultural bias. Lower-than-average normalized scores 
in the study participants may be indicative of cultural bias. Finally, in multisite studies, it is 
important to consider whether there are cultural differences across study sites that might 
influence test performance. This can result in systematic bias if study site is related to toxicant 
exposure(s). 
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Language 
Some psychometric tests have been translated into different languages to facilitate measurement 
of various domains in populations around the world; however, test translation may introduce bias 
if individual test items are not appropriately translated. In some cases, test developers provide 
validated test translations that are readily available (e.g., Pearson products).  

Ideally, the psychometric test was developed for the setting-specific language or the test 
publishers have endorsed specific versions of the test in other languages. Less ideally, the test is 
translated by the investigators into the setting-specific language. If this is done, the test should 
first be translated to the new language by one bilingual translator and then back-translated to the 
original language by another bilingual translator and piloted before applied to the study 
population.  

Score Derivation 
Raw scores from psychometric tests are usually converted to scaled scores, T-scores, or standard 
scores using data derived from a reference population—often a representative sample of the U.S. 
population. Scaling of scores is done to account for age- and sometimes sex-specific differences 
in the means and variances of raw scores, thus allowing comparison of scores across different 
subgroups. It is important to note that subgroup-specific means and variances may be specific to 
the reference population and not generalizable to other populations. Thus, derived scores can 
vary in different populations through two mechanisms: 

(1) If the mean of raw scores from the study participants is higher/lower than the 
reference population’s raw scores, then the mean of the scaled, T-, or standard scores 
will be higher/lower. 

(2) If the variance of raw scores from the study participants is higher/lower than the 
reference population’s raw scores, then the variance of the scaled, T-, or standard 
scores will be higher/lower.  

The presence of a shift in the mean and/or variance of raw scores can be assessed if the study 
authors report the mean and variance of the scaled, T-, or standard scores in their entire group of 
study participants and ideally across subgroups that are used to derive scaled, T-, or standard 
scores. However, if the raw score mean or variance is correlated with the exposure, then the 
exposure-outcome association could be biased in an unpredictable way. This would be difficult 
to verify unless the study authors report the raw score means and variances by exposure and 
covariates.  

Ideally, the study participants are drawn from the same or a comparable source population as the 
reference sample. In other cases, population-specific references may be available (e.g., Canadian 
reference for Wechsler IQ tests). If a comparable reference is not available, the raw scores from 
the instrument can be used as the outcome. Ideally, a model using the raw score as the outcome 
would adjust for the same variables that are used to derive scaled, T-, or standard scores (e.g., 
age and sex). There is the potential for moderate risk of bias if adjustments are not made for 
these variables when the variable(s) are related to raw score values. Most critical would be if 
these factors are related to exposure. Less critical is when these variables are not related to the 
exposure, but still explain variation in the raw scores. In the latter case, adjusting for them can 
result in more precise estimates of the exposure-outcome relationship. 
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As noted in the Normative Data section, the nature of some raw scores may preclude using them 
as the outcome in regression models. For example, the Bayley Scales have infants or children 
complete a different set and number of items based on their age. Thus, the raw scores may not be 
equivalent across individuals. While a variety of methods could be used to create new scores 
(e.g., summed scores, PCA-derived scores), they have various strengths and limitations 
(McNeish and Wolf 2020), and a full evaluation of these methods is beyond the scope of this 
document. 

Factors Related to Test Administration  

Standardized Test Administration 
Psychometric tests need to be administered in a standardized fashion to ensure that variations in 
administration procedures do not unduly influence test scores. Standardized administration of 
psychometric tests enhances the confidence that test results and findings are comparable across 
individuals, study sites, and populations.  

The standardized administration of many psychometric tests is detailed in their respective 
manuals. The goal of providing detailed test administration instructions is to ensure that 
psychometric tests are administered in the same manner by any test user (e.g., psychometrist, 
psychologist). These instructions define standard test procedures for components of the test, the 
test materials used in administering the test, and scoring of participant responses. These manuals 
often provide word-for-word instructions and questions (“scripts”) to be used in administering 
the test. The test materials generally include test stimuli, answer sheets, and test administration 
booklets that should be used for every administration. Finally, the test manuals provide methods 
and formulas for scoring each item in the test.  

Deviations from standardized test administration across participants, study sites, examiners, or 
populations can produce results that are not comparable with each other. Some deviations from 
standard procedure as defined by the test manual are described in this document and are common 
in epidemiological research when psychometric tools are applied to populations aside from the 
one(s) on which the test was normed. These include changes in the test stimuli or order of 
stimulus presentation, usually due to cultural factors, and the language in which the test is 
administered. In these cases, there should be evidence that the administration of the adapted tests 
is standardized across participants, study sites, and examiners. Moreover, there should be 
evidence that any adaptations do not threaten the validity and reliability of the test.  

Test Examiner 
An individual’s psychometric test performance can be influenced by factors related to the test 
examiner. Therefore, a number of specific factors should be in place to ensure that any potential 
examiner effects on test performance are minimized.  

The following factors are potential sources of bias for cases when the examiner is actively 
administering a test to the participant and is responsible for directly engaging the participant, 
presenting stimuli, rating the participant’s response, and scoring the responses (e.g., IQ tests). 
Standardized instructions should be used when instructing participants on how to complete 
questionnaires (e.g., behavioral rating forms) or computerized tests (e.g., continuous 
performance tasks).  
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Training 
Persons directly administering psychometric tests should have adequate training in and 
experience with administering psychometric tests to subjects similar to the study participants. 
Given the intensive nature of administering more complex psychometric tests (e.g., BSID, 
NEPSY, Brazelton, NNNS), some researchers and clinical professionals believe that they should 
only be administered by licensed practitioners. Examiners should receive training from a Ph.D.-
level investigator with expertise in neuropsychology, clinical psychology, educational 
psychology, or other closely related discipline. This “expert-level” trainer should have the 
requisite qualifications and experience to ensure that they can validly and reliably administer the 
specific tests. Examiners should have specialized training or experience when working with 
unique subpopulations (e.g., children). More complex or in-depth tests (e.g., NEPSY) require 
that a highly experienced trainer provides examiners with didactic instruction on the test, hands-
on practice to administer the test, and assessment of validity/reliability in subjects similar to the 
study’s source population.  

In addition to having adequate training and experience, examiners should routinely be assessed 
for drift over time. Test drift can arise if examiners change the way they administer or score 
specific items over time, resulting in additional variability in test scores. Ideally, a Ph.D.-level 
investigator who is trained in psychometric test administration assesses each examiner’s validity 
and reliability about every 12 months. Reliability can be assessed using test-retest correlations 
with the same examiner administering the test to the same individuals at the same age at the time 
of testing. A less ideal approach is to have a Ph.D.-level investigator provide refresher training 
on the specific tests. Finally, multisite studies should ensure that all examiners receive the same 
initial training to ensure validity and reliability, are routinely checked for validity and reliability, 
and obtain additional training as needed. 

Blinding 
There is evidence from randomized controlled trials that non-blinded trials report exaggerated 
effect sizes relative to blinded trials; however, the magnitude of these differences varies 
according to specific treatments and outcomes (Bello et al. 2014; Cuijpers et al. 2015; 
Hrobjartsson et al. 2014; Saltaji et al. 2018). It is conceivable that this phenomenon is present in 
observational studies of neurotoxicants in which examiners or reporters (e.g., caregivers) are not 
blind to the exposure status of participants. This may arise in studies where staff have access to 
exposure level data for participants or when exposure biomarker results are reported back to 
participants or participants’ parents/caregivers (Brody et al. 2014). Indeed, some investigators 
have reported chemical biomarker results back to participants, especially in community-based 
participatory research. Ideally, all examiners (or reporters) in observational studies of 
neurotoxicants should be blind to each participant’s exposure status. This might not be possible 
in multisite studies for which sites were selected on the basis of exposure. The magnitude of the 
effect that blinding would have in observational studies of some neurotoxicants is unclear. It is 
important to note that certain psychometric tests (e.g., computerized tests that involve little 
interaction with an examiner, self-reported behaviors) may be less susceptible to this source of 
bias. 

Number of Examiners  
Studies using a larger number of examiners could produce variability in psychometric test scores 
due to differences in test administration and scoring across examiners compared with studies 
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using a smaller number of examiners. Inter-examiner reliability is typically assessed by having 
the study’s examiners administer the test to the same individuals at the same age; these data are 
used to calculate inter-examiner correlations. Ideally, studies should strive for high inter-
examiner reliability as measured by Pearson correlations, intraclass correlations coefficients, etc. 
(Strauss et al. 2006). Moreover, in longitudinal studies, ideally the same examiner(s) should 
assess participants at subsequent visits if the same psychometric test is administered again. 
Examiner effects can be assessed by quantifying the reliability of two examiners assessing the 
same child or by comparing the mean instrument scores across examiners. It is important to note 
that statistically adjusting for examiners will not correct for differences in interrater validity or 
reliability. For instance, if an examiner invalidly administered a psychometric test to participants, 
then statistical adjustment for the examiner will not make these measurements “more” valid as 
they were never valid.  

Test Administration, Environment, and Conditions 
Test performance can be affected by the environment and conditions of test administration. As 
Strauss notes, optimal conditions are those that facilitate the participants having their best 
performance possible, whereas standardized conditions ensure that the conditions of the test are 
as similar as possible across repeated test administrations (Strauss et al. 2006). Therefore, in 
epidemiological studies, test environments and conditions should be standardized and optimized 
to ensure that all participants are given the same opportunity for their best performance with as 
little variation as possible in the method of administration across subjects.  

Environmental factors like noise and temperature can influence test performance. Sources of 
environmental noise (e.g., traffic, conversations) can adversely affect performance on a wide 
range of psychometric tests (Bhang et al. 2018; Klatte et al. 2013; Shield and Dockrell 2008). 
Environmental conditions such as excessive heat can also adversely affect psychometric test 
performance (Klatte et al. 2013; Shield and Dockrell 2008). Conditional factors, like the location 
of the test (e.g., study clinic versus the participant’s home) or presence of a parent or other 
caregiver in the room might cause test performance to vary. 

Ideally, the test environment is a quiet, well-lit, and private room that is free of distractions. For 
pediatric participants, age-appropriate furnishings should be provided so that children are able to 
sit properly and engage with test materials. It can be reasonable to administer psychometric tests 
in the home or school environment if the environment is modified for the specific test and 
provisions are made to standardize conditions as much as possible. For assessments of children 
less than 2 years of age, it is desirable and often necessary for the parent to be present. At older 
ages, children should be assessed without the caregiver to reduce the potential for that caregiver 
to influence a child’s performance. Investigators should note instances when test conditions were 
not optimal and consider excluding these results from statistical analyses. 

Participant-level characteristics also need to be considered when administering psychometric 
evaluations. Time-varying factors like sleep, hunger, and current infections can affect 
performance on psychometric tests. For instance, children with or recovering from otitis media 
may have temporary decreases in hearing ability, which in turn can adversely affect test 
performance. Other factors like loss of mobility, amputation, and visual or hearing impairments 
can hinder assessment of specific domains or subdomains. 
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Ideally, participants are healthy enough to have tests administered to them or are able to return 
for assessments if it is determined that they are too sick to perform optimally. In cases of 
permanent disabilities that directly affect the ability to complete the test, these participants 
should not be assessed or should be excluded from statistical analyses. For pediatric assessments, 
efforts should be made to assess infants/children when they are well rested and have been fed. 
For older children, breaks should be offered during longer neurodevelopmental assessment 
batteries. 

Finally, it is important to minimize errors that could arise in the scoring and entry of 
psychometric test data. Recent versions of some tests now have scannable forms, computerized 
data entry, and automated scoring. While not infallible, these advancements can improve quality 
control, as they reduce the potential for human errors in data entry and test scoring. 

Longitudinal Studies 
Some studies examine the impact of a neurotoxicant on repeated measures of a psychometric 
test. This can be done to increase statistical power and precision or to determine if the potential 
effect of a neurotoxicant persists, emerges, or wanes over time (Braun et al. 2017). There are 
several factors related to the timing of test administration, type of psychometric test, participant 
follow-up, and statistical analyses that should be considered when evaluating studies with 
repeated psychometric measures (White 2004). 

The amount of time between assessments should be considered because individual test scores 
can improve due to practice effects on a given instrument. While some instruments like the 
WPPSI and WISC recommend at least 1 year between administrations (Wechsler 2002; 
Wechsler 2003), practice effects have also been found to linger for many years (Calamia et al. 
2012). In addition, the number of examiners and examiner drift should be considered because 
different examiners may administer or score tests differently or change their 
administration/scoring practices over time. This can be curtailed by videotaping or observing 
sample examiner test administration every few months during a study and/or each time that a 
new data collection cycle begins. 

In some cases, different psychometric instruments can be used to assess a given domain across 
ages. For instance, the WPPSI is designed to assess cognitive abilities in children 2.5–7.25 years 
of age, whereas the WISC is designed to assess these same cognitive abilities in children ages 6–
16 years. Both Wechsler instruments are intentionally designed to overlap in ages and assess 
comparable domains, but this is not the case for all psychometric tests. For less comparable 
instruments, it is important to consider whether different tests assess the same 
neurodevelopmental domain and are interchangeable.  

Ideally, an examiner administers the same or comparable psychometric tests that assess the same 
neurodevelopmental domain and the same examiner repeatedly assesses a given participant. If 
testing is carried out frequently, parallel or equivalent tests that assess a domain can be used 
instead of repeating a subtest. Moreover, examiner drift over time should be periodically 
assessed. While there are no clear rules about the length of time required to eliminate practice 
effects, tests should be administered at least 12 months apart (Calamia et al. 2012; Scharfen et al. 
2018).  
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Finally, appropriate statistical techniques must be used to examine repeated measures data (e.g., 
linear mixed effect models or linear regression with generalized estimating equations). Failure to 
account for repeated measures within the same individuals will result in inappropriately small 
standard errors because traditional methods treat repeated observations as independent.  

Clinical Diagnoses 
Some studies examine associations between neurotoxicant exposure and risk of diagnosis with a 
neurodevelopmental disorder (e.g., ADHD, autism spectrum disorders [ASD], or learning 
disabilities [LD]) (Anderko et al. 2010; Engel et al. 2018; Shelton et al. 2014). Often these 
studies rely on registries maintained by disease monitoring networks or governments to identify 
cases with specific neurodevelopmental disorders (Anderson and Burnett 2017; CDC 2012; 
Engel et al. 2018). In other cases, investigators conduct detailed neurodevelopmental 
assessments and medical chart reviews to confirm or deny a clinical diagnosis (Hertz-Picciotto et 
al. 2006). 

Case identification and verification are critical issues to consider when evaluating developmental 
neurotoxicity studies using clinical diagnoses. Ideally, the probability of an individual being 
diagnosed (or not diagnosed) with a neurodevelopmental disorder should be the same regarding 
exposure, as well as socioeconomic status, geography, and calendar time. It is important to note 
that the probability of being diagnosed is not the same as the probability of having the disorder 
as there could be over- or under-diagnoses in subpopulations.  

With regard to case identification, it is critical that standardized definitions of disease be applied 
to all participants (e.g., Diagnostic and Statistical Manual criteria). Case verification may be 
accomplished using administrative records (e.g., International Classification of Disease [ICD] 
codes) or expert review of medical charts, including psychometric tests and other diagnostic 
information. Individuals reviewing individual participant information should have a master’s or 
doctoral degree in clinical psychology or related discipline and be blinded to the exposure status 
of the participants. Methods of case verification should be the same across clinics, providers, or 
reviewers who make the diagnosis. In addition, the criteria for establishing diagnosis should be 
stable over time; otherwise, changes must be considered. 

Reassuringly, for ASD and ADHD in the United States and Europe, there is evidence that 
registry-based measures of diagnosis have high levels of agreement with other diagnostic 
measures of these disorders (Lauritsen et al. 2010; Linnet et al. 2009; Rimvall et al. 2014; Suren 
et al. 2012). In addition, there is high agreement of parental report of ASD with psychometric 
instruments used to diagnose the disorder (Roberts et al. 2013). Moreover, for ASD, there is 
evidence that registries are effective at ascertaining a high proportion of cases (Nicholas et al. 
2012). In addition, registry-based diagnoses of ASD have a high degree of agreement with 
external expert reviewers (e.g., clinical psychologist) and a high degree of temporal stability 
(Bakian et al. 2015; Wiggins et al. 2012). 

Ideally, a study will use the same criteria to establish a diagnosis across clinics or providers and 
over time while verifying there are no geographical and temporal deviations in how diagnoses 
are made. Diagnoses should be based on data from at least two sources in a subset of participants 
(e.g., registry-based diagnosis, caregiver reports of relevant symptoms, external expert review).   
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A.1. Psychometric Tests Included for Evaluation 

Table A-1 lists the neurodevelopmental domains in alphabetical order and their associated 
psychometric tests. The evaluation ratings and notes for each test are detailed in Appendix B, 
where they are sorted by test type and domain.  

Table A-1. Psychometric Tests Included for Evaluation by Domain 
Domain Test Name 

Academic Achievement KeyMath Diagnostic Arithmetic Test4 

KeyMath Diagnostic Arithmetic Test-Revised (KeyMath R)4 

Wechsler Individual Achievement Test (WIAT)6 

Woodcock-Johnson III Test of Achievement (WJ III ACH)1 

Attention Conners’ Continuous Performance Test-II (CPT-II)1 

Test of Everyday Attention for Children (TEA-CH)4 

Test of Variables of Attention (TOVA)4 

Clinical Conditions Autism Spectrum Quotient (AQ)6 

Barkley Adult ADHD Rating Scale-IV6 

Childhood Asperger’s Syndrome Test (CAST)6 

Childhood Autism Rating Scale (CARS)6 

Conners’ Parent Rating Scale-Revised (CPRS-R)1 

Conners’ Teacher Rating Scale-Revised (CTRS-R)1 

Spence Children’s Anxiety Scale (SCAS)6 

Developmental Bayley Scales of Infant Development (BSID-1)4 

Bayley Scales of Infant Development, Second edition (BSID-II)2 

Bayley Scales of Infant Development-III (BSID-3)6 

Brazelton Newborn Assessment Scale (NBAS)6 

Denver Development Screening Test (DDST)6 

Denver Development Screening Test-II (DDST II)6 

Fagan Test of Infant Intelligence6 

Gesell Developmental Schedules6 

Griffith Mental Development Scales (GMDS)6 

Kyoto Scale of Psychological Development (KSPD; K-test)6 

Neonatal Intensive Care Unit Network Neurobehavioral Scale (NNNS)6 

Prechtl General Movement Assessment (GMA)6 

Executive Function Stroop Color-Word Test4 

Trail-making Test4 

Verbal Fluency Test5 

Wisconsin Card Sorting Test (WCST)2 
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Domain Test Name 

General Intelligence/IQ Kaufman Assessment Battery for Children (K-ABC)4 

Kaufman Brief Intelligence Test (K-BIT)4 

McCarthy Scales of Children’s Abilities (MSCA)2 

Raven’s Coloured Progressive Matrices (Raven’s CPM)2 

Raven’s Standard Progressive Matrices (Raven’s SPM)2 

Stanford-Binet Intelligence Scale: Fourth Edition (S-B 4)2 

Stanford-Binet Intelligence Scale: Fifth Edition (S-B 5)2 

Wechsler Intelligence Scale for Children (WISC)6 

Wechsler Intelligence Scale for Children-Revised (WISC-R)2

Wechsler Intelligence Scale for Children-III (WISC-III)1 

Wechsler Intelligence Scale for Children-IV (WISC-IV)2 

Wechsler Preschool and Primary Scale of Intelligence-Revised 
(WPPSI-R)1

Wechsler Adult Intelligence Scale-Revised (WAIS-R)2 

Wechsler Adult Intelligence Scale-III (WAIS-III)2 

Learning and Memory California Verbal Learning Test (CVLT)2 

California Verbal Learning Test – Children (CVLT-C)4 

Wechsler Memory Scale-Revised (WMS-R)2 

Wechsler Memory Scale-III (WMS-III)2 

Mental Status Mini-Mental State Examination (MMSE)5 

Motor Function Bruininks-Oseretsky Test of Motor Proficiency (BOTMP)6

Grooved Pegboard4 

Movement Assessment Battery for Children (MABC)6 

Neuropsychological Assessment 
Batteries 

Developmental Neuropsychological Assessment (NEPSY)2

Neurobehavioral Evaluation System (NES)6 

Social-Emotional Beck Depression Inventory (BDI)4 

Beck Depression Inventory-Second Edition (BDI-II)4 

Behavior Assessment System for Children, 2nd ed. (BASC-2)1 

Child Behavior Checklist (CBCL)4

Children's Communication Checklist (CCC)6 

Difficulties in Emotion Regulation Scale (DERS)6 

Disruptive Behavior Disorders Scale (DBD)6 

Early Childhood Behavior Questionnaire6 

EAS Temperament Survey for Children6 

Profile of Mood States (POMS)2 

Social and Communication Disorders Checklist (SCDC)6 
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Domain Test Name 

Social Communication Questionnaire6 

State-Trait Anxiety Inventory (STAI)3 

Strengths and Difficulties Questionnaire (SDQ)3 

Vineland Adaptive Behavior Scales5 

Verbal/Language Boston Naming Test (BNT)4 

Boston Naming Test-2 (BNT-2)4 

MacArthur-Bates Communicative Development Inventories (CDI)6 

Peabody Picture Vocabulary Test-Revised (PPVT-R)2 

Peabody Picture Vocabulary Test-III (PPVT-III)2 

Preschool Language Scales-3 (PLS-3)1 

Speech and Language Assessment Scale (SLAS)6 

Test of Language Development (TOLD)6 

Visuospatial Function Bender Visual-Motor Gestalt Test2 

Bender Visual-Motor Gestalt Test II2 

Developmental Test of Visual-Motor Integration (VMI)4 

Finger Identification Test4 

1Test information was obtained from manuals only.  
2Test information was obtained from manuals and academic textbooks.  
3Test information was obtained from manuals and peer-reviewed literature. 
4Test information was obtained from academic textbooks only. 
5Test information was obtained from academic textbooks and peer-reviewed literature.  
6Test information as obtained from peer-reviewed literature only.  
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A.2. Psychometric Tests Excluded from Extraction and Evaluation 

Table A-2 lists the psychometric tests that were excluded from the extraction and evaluation 
process and the reason for exclusion.  

Table A-2. Psychometric Tests Excluded from Evaluation1 
Reason for Exclusion from Evaluation Test Name 

Idiosyncratic2 Aberrant Behavior Checklist 

Ages & Stages Communication Scale (Parent Assessment) 

Ameil-Tyson and Gosselin Exam 

Audiometric evaluation using Modified Hughson-Westlake Procedure 

Autism Diagnostic Interview-Revised 

Autism Diagnostic Observation Schedules (Revised & Generic) 

Autism Treatment Evaluation Checklist for Parents 

Burt Recognition Test 

Burt Recognition Test-Revised  

Cambridge Neuropsychological Test Automated Battery (CANTAB) 

Clinical Global Impression-Severity Scale 

Comprehensive Developmental Inventory for Infants & Toddlers 
(CDIIT) 

Cook-Medley Hostility Index-Youth Version 

Dale & Bishop Grammar Rating 

Delayed Spatial Alternation Test 

Everts Behavior Rating Scale 

Go/No-Go Response Inhibition Paradigm 

Healthy Behavior Questionnaire 

Huttenlocher Motor Tasks 

Infant Behavior Questionnaire 

Infant Behavior Questionnaire-Revised 

Test of Attentional Performance for Children (KITAP) 

Localisation of Tactile Stimuli Test 

Mullen Scales of Early Learning 

Neurobehavioral Core Test Battery 

Neurological Examination for Subtle Signs 

Parent’s Evaluation of Developmental Status 

Sheriden Gardiner Letter Matching Test 

Social Responsiveness Scale 

Static Motor Steadiness Test 
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Reason for Exclusion from Evaluation Test Name 

Stycar Miniature Toy Test 

Test of Haptic Matching 

Toddler Temperament Scale 

Insufficient information3 A-not-B Test 

Abnormal and Repetitive Behavior Scale 

Children’s Category Test 

Clay Diagnostic Survey 

Conner’s Continuous Performance Test (CCPT) 

Differential Reinforcement of Low Rate Schedules 

Frontal Assessment Battery 

Halstead-Reitan Battery 

Hong Kong List Learning Test 

Neurobehavioral Evaluation System (NES2) 

Neurobehavioral Evaluation System (NES3) 

Santa Ana Form Board 

Social Maturity Scale 

Twenty Statements about Language-Related Difficulties List 

Visual Expectation Paradigm 

Visual Recognition Memory (VRM) Paradigm 

Wide Range Assessment of Memory and Learning 

Wide Range of Assessment of Visual-Motor Abilities 

Woodcock-Johnson Test of Achievement (W-J-II) 

WPS Electronic Tapping Test 
1Test names appear primarily as they are reported in studies included in the epidemiological literature for the in-progress EPA 
IRIS toxicological review of MeHg. Additional variations of test names may be utilized in the neuropsychology literature. 
2Tests were categorized as idiosyncratic if they appeared in a single publication considered in the in-progress EPA Toxicological 
review of Methylmercury, were used only in a specific population, and/or were used in a study that was not conducive to dose-
response analysis (n = 33).  
3Tests were categorized as having insufficient information if no manual was available and secondary sources, including peer-
reviewed literature, did not provide enough information to assess a majority of the evaluation principles (n = 20). 
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Appendix B. Test Evaluation Tables 
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B.1. Omnibus Tests 

B.1.1. General Intelligence/IQ 

Table B-1. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess General Intelligence/IQ in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Kaufman 
Assessment 
Battery for 
Children (K-
ABC); 1983 

A A A D3 A A NP3 This IQ test is normed for children 2.5–
12.5 years of age. It is used less often than 
Wechsler scales in both research and clinical 
settings, contributing to less knowledge 
about criterion validity. It has 16 subtests, 6 
of which are nonverbal. 
Construct validity: The correlations 
between K-ABC and other measures of IQ 
are low, except for the Achievement 
outcome. 
Examiner qualifications: Data were not 
present in the sources consulted for the 
extraction table.4 
Outcomes, domain-specific subscales, and 
subtests: The test comprises four 
domains—Achievement, Mental Processing, 
Sequential Processing, and Simultaneous 
Processing—and consists of 16 subtests. 
Achievement is based on six subtests 
(Expressive Vocabulary, Faces and Places, 
Arithmetic, Riddles, Reading/Decoding, 
Reading /Understanding); Sequential 
Processing is a composite of three subtests 
(Hand Movements, Number Recall, 
Triangles); and Simultaneous Processing is a 
composite of seven subtests (Magic 
Window, Face Recognition, Gestalt Closure, 
Word Order, Matrix Analogies, Spatial 
Memory, Photo Series). The Sequential 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Processing and Simultaneous Processing 
scales are combined to represent the Mental 
Processing Composite score. Composite 
standardized scores have a mean of 100 and 
standard deviation (SD) of 15. Each subtest 
standardized score has a mean of 10 and 
SD of 3.  
The subscales for this test that have been 
identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg are listed in the footnotes 
of evaluation tables for other domains, 
where applicable. Mental Processing 
appears in the Executive Function domain 
evaluation table. Subtests might be 
categorized in other domains but did not 
appear as outcomes in the literature queried 
for the in-progress EPA IRIS toxicological 
review of MeHg. 

Kaufman Brief 
Intelligence 
Test (K-BIT); 
1990 

A A A3 A A A NP3 The K-BIT is a quick screening test for IQ 
(15–30 minutes) and is normed for ages 4–
90 years. This test has been used for IQ 
screening in research. It has fewer subtests 
than its parallel Wechsler test (i.e., Wechsler 
Abbreviated Scale of Intelligence—WASI 
[1999] and WASI-II [2011]). 
Content validity: Sources consulted and 
summarized in the extraction table provided 
little information on theoretical or content 
bases for the test; however, item choice was 
presumed to have been driven by the tests 
from which the K-BIT was derived 
(Kaufman Adult Intelligence Test and the 
Kaufman Assessment Battery for Children). 
Examiner qualifications: Data were not 
present in the sources consulted for the 
extraction table. 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Outcomes, domain-specific subscales, and 
subtests: The K-BIT consists of two 
subtests—Vocabulary Performance and 
Matrices. Scores from these tests are 
summed to provide a Composite IQ score 
(standardized mean = 100, SD = 15). The 
Vocabulary Performance test provides a 
Verbal Intelligence score, and the Matrices 
test provides a Nonverbal Intelligence score, 
each with a standardized mean of 100 and 
SD of 15.  
The subtests for the K-BIT have been 
identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg and are listed in the 
footnotes of evaluation tables for other 
domains, where applicable. These include 
the Vocabulary Performance subtest (Verbal 
domain) and Matrices subtest, also called 
Nonverbal Intelligence (Visuospatial 
domain). 

McCarthy 
Scales of 
Children’s 
Abilities 
(MSCA); 19723 

A A A A NP3 A A This MSCA was developed for children 2.5–
8.5 years old. The test and its normative 
sample are generally considered outdated. 
Year of publication: The year is sometimes 
listed as 1970. 
Criterion validity: Although this test 
predicts scores on other tests, its capacity to 
predict developmental outcomes was not 
described in the sources consulted and 
summarized in the extraction table. 
Outcomes, domain-specific subscales, and 
subtests: This test uses 18 short subtests to 
produce a General Cognitive Index, which 
would be considered the IQ outcome 
(standardized mean = 100, SD = 16). The 18 
subtests can be categorized into domains 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

producing several subscales, each of which 
has a standardized score with a mean of 50 
and SD of 10. 
The subscales for this test have been 
identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg and are listed in the 
footnotes of evaluation tables for other 
domains, where applicable. These include 
the Verbal Index (Verbal domain), 
Perceptual Index (Visuospatial domain), 
Quantitative Index (Academic Achievement 
domain), Memory Index (Learning and 
Memory domain), and Motor Index (Motor 
Function domain). An Executive Function 
Index is also listed among these subscales in 
the in-progress EPA IRIS toxicological 
review of MeHg but was not reported in the 
test manual. 

Raven’s 
Coloured 
Progressive 
Matrices 
(Raven’s 
CPM); 1965 

A A NP3 NP3 A A A Unlike other tests listed in this evaluation 
table, Raven’s CPM is not a classic omnibus 
IQ test as defined in this document under 
domains. It is an older test developed in the 
United Kingdom. Although it directly 
measures executive function, it has often 
been used as a brief method to evaluate 
general intelligence. The test produces an 
“IQ”-like outcome (although the norms do 
not apply to most populations) and, given its 
availability for decades, has been used by 
neurotoxicologists and other researchers. It 
was developed for children 5–11 years old 
but has also been used with adult 
populations. 
Content validity: Data were not present in 
the sources consulted for the extraction 
table. 
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Test*; 
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Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Construct validity: Data were not present 
in the sources consulted for the extraction 
table. 
Outcomes, subscale, and subtest scores: 
IQ outcomes are classified using 
five gradations from superior (>95th 
percentile) to defective (<5th percentile). 

Raven’s 
Standard 
Progressive 
Matrices 
(Raven’s SPM); 
1977 

A A A A A A A Unlike other tests listed in this evaluation 
table, Raven’s SPM is not a classic omnibus 
IQ test as defined in this document under 
domains. It is an older test developed in the 
United Kingdom. Although it directly 
measures executive function, is has often 
been used as a brief method to evaluate 
general intelligence. The test produces an 
IQ-like outcome (although the norms do not 
apply to most populations) and, given its 
availability for decades, has been used by 
neurotoxicologists and other researchers. It 
is often used in mercury studies to evaluate 
parent intelligence as a control measure, not 
outcomes in children. It was developed for 
children 6–13.5 years old but has been used 
with adult populations. 
Outcomes, subscale, and subtests scores: 
Percentile scores (5th, 10th, 25th, 50th, 75th, 
90th, and 95th) are determined based on 
total raw score for all items. 

Stanford-Binet 
Intelligence 
Scale: Fourth 
Edition (S-B 4); 
1986 

A A A A A A A Like the Wechsler scales, the Stanford-Binet 
scales have been used extensively both to 
assess general intelligence and to evaluate 
children with learning problems in school. 
The S-B 4 can be useful for individuals with 
very high or very low IQ as it is less subject 
to floor and ceiling effects compared with 
the Wechsler scales. The test can also be 
useful in longitudinal studies because many 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

subtests can be given across the full age 
range, which is 2–90 years. 
Outcomes, subscale, and subtest scores: 
The S-B 4 provides a Full-Scale IQ score 
(standardized mean = 100, SD = 16). In 
addition, there are Verbal IQ and Nonverbal 
IQ scores and five factor indices (Fluid 
Reasoning, Knowledge, Quantitative 
Reasoning, Visual-Spatial Processing, and 
Working Memory), all with standardized 
means of 100 and SDs of 16. Subtest scores 
are standardized to a mean of 50 and SD 
of 8. 
The subtests for the S-B 4 have been 
identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg and are listed in the 
footnotes of evaluation tables for other 
domains, where applicable. These include 
Total Copying (Visuospatial domain) and 
Copying Test Recall and Bead Memory 
(Learning and Memory domain). 

Stanford-Binet 
Intelligence 
Scale: Fifth 
Edition (S-B 5); 
2003 

A A A A A3 A A The S-B 5 is a newer version of the S-B 4 
and has similar advantages. It should be 
noted that some of the S-B 4 subtests are not 
included in the S-B 5, so the S-B 5 cannot 
be used as an updated version for these 
subtests. 
Criterion validity: This test has predictive 
validity for levels of intelligence and other 
outcomes similar to the S-B 4.  
Outcomes, subscale, and subtest scores: 
The S-B 5 provides Full-Scale, Verbal, and 
Performance IQs, all with a standardized 
mean of 100 and SD of 15. In addition, five 
factor indices (Fluid Reasoning, Knowledge, 
Quantitative Processing, Visual-Spatial 



Evaluating Features and Application of Neurodevelopmental Tests in Epidemiological Studies 

B-9 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
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Manual 
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Processing, and Working Memory) are 
standardized to scores with a mean of 100 
and SD of 15. Subtest scaled scores have a 
mean of 10 and SD of 3. 
The subtests for the S-B 5 have been 
identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg and are listed in the 
footnotes of evaluation tables for other 
domains, where applicable. These include 
the Knowledge Index (Verbal domain), 
Visuospatial Processing Index (Visuospatial 
domain), Quantitative Processing Index 
(Academic Achievement domain), and the 
Working Memory Index (Executive 
Function domain). 

Wechsler 
Intelligence 
Scale for 
Children 
(WISC); 1949 

A A A3 A A3 A NP3 Information on the WISC from the peer-
reviewed literature was limited. Some of the 
conclusions below are based on experience 
using the test.4 

Content validity: The source consulted for 
the extraction table suggests there is no 
available information on content validity; 
however, personal experience4 indicates 
adequate content validity. This version of 
the WISC is the basis for all future versions 
of the WISC. 
Criterion validity: The source consulted for 
the extraction table suggests criterion 
validity is inadequate; however, personal 
experience4 indicates adequate criterion 
validity in pediatric populations. 
Examiner qualifications: Data were not 
present in the sources consulted for the 
extraction table. 
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Manual 
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Qualifications 

Wechsler 
Intelligence 
Scale for 
Children-
Revised 
(WISC-R); 
1974 

A A A A A3 A A This widely used standard test of general 
abilities is a revision of the original 
Wechsler Intelligence Scale for Children 
(WISC). The WISC-R includes 12 subtests, 
and 10 of 12 (5 verbal, 5 nonverbal) are 
used to determine IQ. Because of its 
widespread use, The WISC-R has been 
applied to the domain-specific functioning 
associated with neuropsychological 
assessment. It is designed for children aged 
6–16 years. For all editions of the WISC, 
there is some overlap with the WAIS (adult 
version of Wechsler test) at age 16. In 
general, for persons of average or above-
average intelligence, the WAIS tests are 
more appropriate for 16-year-olds. This is 
not true for children of less-than-average 
intelligence. 
Criterion validity: The WISC-R correlates 
with many other established measures of 
intelligence and predicts learning disabilities 
and other outcomes in children.  
Outcomes, subscale, and subtest scores: 
Outcome measures include Full-Scale, 
Verbal, and Performance IQ scores, all with 
a standardized mean of 100 and SD of 15. 
The 12 subtest scaled scores have a mean of 
10 and SD of 3. 
The subtests for the WISC-R have been 
identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg and are listed in the 
footnotes of evaluation tables for other 
domains, where applicable. These include 
the Verbal IQ outcome and the Similarities 
subtest (Verbal domain) and the 
Performance IQ outcome and Block Designs 
subtest (Visuospatial domain). 
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Manual 
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Wechsler 
Intelligence 
Scale for 
Children-III 
(WISC-III); 
1991 

A A A A A A A This revision of the WISC-R is similar to its 
predecessor but adds a new subtest, Symbol 
Search. The WISC-III further advances the 
idea of domain-specific assessment by 
including four index scores—Verbal 
Comprehension, Perceptual Organization, 
Freedom from Distractibility, and 
Processing Speed. 
Outcomes, subscale, and subtest scores: 
Outcome measures include Full-Scale, 
Verbal, and Performance IQ scores, all with 
a standardized mean of 100 and SD of 15. 
The four index scores also have a 
standardized mean of 100 and SD of 15, and 
the 13 subtest scaled scores have a mean of 
10 and SD of 3. 
The index scores and subtests for the WISC-
III have been identified in the 
epidemiological literature for the in-progress 
EPA IRIS toxicological review of MeHg 
and are listed in the footnotes of evaluation 
tables for other domains, where applicable. 
These include the Verbal IQ outcome, 
Information subtest, and Vocabulary subtest 
(Verbal domain); the Performance IQ 
outcome and Block Designs subtest 
(Visuospatial domain); and the Coding 
subtest (Motor Function domain). 

Wechsler 
Intelligence 
Scale for 
Children-IV 
(WISC-IV); 
2003 

A A A3 A A3 A A The WISC-IV removed three subtests and 
added five new subtests relative to the 
WISC-III for a total of 15 subtests. It 
includes four index scores, but one has 
changed from Freedom from Distractibility 
to Processing Speed. 
Content validity: This test has content 
validity similar to that of prior versions of 
the WISC. It is also based on psychometric 
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Manual 
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theory, which has affected the index 
outcome revisions and subtest additions. 
Criterion validity: This test has criterion 
validity similar to that of prior versions of 
the WISC. 
Outcomes, subscale, and subtest scores: 
Outcome measures include Full-Scale, 
Verbal, and Performance IQ scores 
(standardized mean = 100, SD = 15). The 
index scores have a mean of 100 and SD of 
15, and the 15 subtest scaled scores have a 
mean of 10 and SD of 3. 
The index scores for the WISC-IV have 
been identified in the epidemiological 
literature for the in-progress EPA IRIS 
toxicological review of MeHg and are listed 
in the footnotes of evaluation tables for 
other domains, where applicable. These 
include the Verbal Comprehension Index 
(Verbal domain), Processing Speed Index 
(Miscellaneous domain), and the Perceptual 
Reasoning Index (Visuospatial domain). 

Wechsler 
Preschool and 
Primary Scale 
of Intelligence-
Revised 
(WPPSI-R); 
1989 

A A A A A A A The WPPSI scales are designed for children 
aged 3 years to 7 years, 3 months. This test 
has some age overlap with the WISC scales 
at ages 6 years to 7 years, 3 months. In this 
age range, the WPPSI-R is considered too 
easy for some children or populations, 
making the WISC more appropriate. The 
test has 11 subtests that all contribute to the 
Full-Scale IQ, with 5 contributing to the 
Performance IQ and 6 contributing to the 
Verbal IQ. 
Outcomes, subscale, and subtest scores: 
Outcome measures include Full-Scale, 
Verbal, and Performance IQ scores 
(standardized mean = 100, SD = 15). Age-
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scaled scores (standardized mean = 10, 
SD = 3) are available for the subtests at 
3-month age intervals. 
The index scores for the WPPSI-R have 
been identified in the epidemiological 
literature for the in-progress EPA IRIS 
toxicological review of MeHg and are listed 
in the footnotes of evaluation tables for 
other domains, where applicable. These 
include Verbal IQ (Verbal domain) and 
Performance IQ (Visuospatial domain). 

Wechsler Adult 
Intelligence 
Scale-Revised 
(WAIS-R); 
1981 

A A A A A3 A A This test is a revision of the 1955 Wechsler 
Adult Intelligence Scale (WAIS), which was 
based on the Wechsler-Bellevue Intelligence 
Scale (W-B) and contains the same 11 
subtests in revised form. It is standardized 
for persons aged 16 years to 74 years, 
11 months. It has ceiling and floor effects, 
meaning that IQ scores above 135 or below 
70 may not be as precise as high or low 
scores on other intelligence tests. Because it 
has been widely applied, a great deal is 
known about the relationship between 
performance on WAIS-R subtests and 
outcomes such as localized brain damage 
and neuropsychiatric disorders.  
Criterion validity: This test’s criterion 
validity derives at least in part from that of 
WAIS and W-B, which correlate highly with 
clinician ratings of individual intelligence, 
“empirical studies of several groups of 
known intellectual level” (manual, p. 49), 
and WAIS correlations with academic 
success (WAIS manual, p. 50). 
Outcomes, subscale, and subtest scores: 
Administration of the WAIS-R allows 
derivation of Full-Scale, Verbal, and 
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Performance IQs (standardized mean = 100, 
SD = 15). In addition, each subtest can be 
scored according to age-appropriate norms 
with a standardized mean of 10 and SD of 3. 
The subtests for the WAIS-R have been 
identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg and are listed in the 
footnotes of evaluation tables for other 
domains, where applicable. These include 
the Block Design subtest (Visuospatial 
domain). 

Wechsler Adult 
Intelligence 
Scale-III 
(WAIS-III); 
1997 

A A A A A A A This revision of the WAIS-R is designed for 
ages 16–89 years. Because its norms start at 
age 16 years, it can be an appropriate test for 
older children of average or above-average 
intelligence and can be used in place of the 
WISC scales. There are 14 subtests included 
in the WAIS-III—11 revisions of WAIS-R 
subtests and 3 new subtests. This version of 
the Wechsler adult scales has a somewhat 
lower floor (45) and higher ceiling (155) 
than the WAIS-R, but still does not measure 
extremes of intelligence.  
Outcomes, subscale, and subtest scores: 
Administration of the WAIS-III allows 
derivation of Full-Scale, Verbal, and 
Performance IQs (standardized mean = 100, 
SD = 15) as in prior adult scales. In addition, 
there are four subscale outcomes (Verbal 
Comprehension Index, Perceptual 
Organization Index, Working Memory 
Index, and Processing Speed Index), with 
standardized means of 100 and SDs of 15. 
Subtests have age norms that produce age-
scaled scores with standardized means of 10 
and SDs of 3. 
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The index scores and subtests for the WAIS-
III have been identified in the 
epidemiological literature for the in-progress 
EPA IRIS toxicological review of MeHg 
and are listed in the footnotes of evaluation 
tables for other domains, where applicable. 
These include the Vocabulary subtest, 
Similarities subtest, and Comprehension 
subtest (Verbal domain); the Block Design 
subtest, Matrix Reasoning subtest, Picture 
Completion subtest, Object Assembly 
subtest, and Picture Arrangement subtest 
(Visuospatial domain); Digit 
Symbol/Coding subtest (Motor Function 
domain); and the Processing Speed Index 
(Miscellaneous domain). 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4Adequacy and deficiency are determined by the professional experience and knowledge of the co-author Dr. Roberta F. White.  
*Subtests or scales within tests that belong to a different domain may be applicable to general intelligence/IQ. This includes the Bayley Scales of Infant Development-II: Mental 
Development Index (Developmental domain).  
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Table B-2. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess General Intelligence/IQ 
in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 
Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 
Kaufman 
Assessment 
Battery for 
Children (K-
ABC); 1983 

A NA A NA A NA None. 

Kaufman Brief 
Intelligence 
Test (K-BIT); 
1990 

NP3 NP3 A A NP3 NP3 Subject age (child & adult): The standardization 
sample was divided into four wide age bands (4–6, 
7–19, 20–44, 45–92), but the sources cited in the 
extraction table state that it is not clear if these were 
used for the age-standardized scores or if they were 
based on more precise data. Since the sample size 
was 2,022 and ages of the sample were 
“proportional,” it is not clear how many people were 
in each age band, but there would be many age 
bands needed for the children and adults. 
Ultimately, it is unclear from the sources consulted 
for the extraction table if age bands were further 
divided for normative scores.  
Sample size (child & adult): 2,022 participants in 
total comprised the sample. It is not clear if age 
bands were sufficiently well populated for children. 
Assuming 10-year age bands, there may have been a 
large enough sample of adults. 

McCarthy 
Scales of 
Children’s 
Abilities 
(MSCA); 19723 

A NA A NA A NA Year of publication: The year is sometimes listed 
as 1970. 

Raven’s 
Coloured 
Progressive 
Matrices 
(Raven’s CPM); 
1965 

A D3 D3 D3 D3 D3 Subject age (adult): Adult norms exist for persons 
60–85 years and do not represent younger adults. 
Population representation (child & adult): Child 
and adult norms are based on populations from a 
single area in the United Kingdom. 
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Year of 

Publication 

Normative Data 
Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 
Sample size (child & adult): Child norms appear to 
be based on 627 children. It is not clear what the age 
ranges are for the adult standardization sample. 
Adult norms are only based on 271 individuals from 
the United Kingdom. 

Raven’s 
Standard 
Progressive 
Matrices 
(Raven’s SPM); 
1977 

A A D3 D3 A A Population representation (child & adult): Child 
samples are from limited areas of the United 
Kingdom. Adult normative samples include military 
personnel and civilians (undefined). 

Stanford-Binet 
Intelligence 
Scale: Fourth 
Edition (S-B 4); 
1986 

A A A A A A None. 

Stanford-Binet 
Intelligence 
Scale: Fifth 
Edition (S-B 5); 
2003 

A A A A A A None. 

Wechsler 
Intelligence 
Scale for 
Children 
(WISC); 1949 

A NA A NA A NA None. 

Wechsler 
Intelligence 
Scale for 
Children-
Revised (WISC-
R); 1974 

A NA A NA A NA None. 

Wechsler 
Intelligence 
Scale for 
Children-III 

A NA A NA A NA None. 
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Year of 

Publication 

Normative Data 
Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 
(WISC-III); 
1991 
Wechsler 
Intelligence 
Scale for 
Children-IV 
(WISC-IV); 
2003 

A NA A NA A NA None. 

Wechsler 
Preschool and 
Primary Scale 
of Intelligence-
Revised 
(WPPSI-R); 
1989 

A NA A NA A NA None. 

Wechsler Adult 
Intelligence 
Scale-Revised 
(WAIS-R); 
1981 

A A A A A A None. 

Wechsler Adult 
Intelligence 
Scale-III 
(WAIS-III); 
1997 

A A A A A A None. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4The link to the extraction table is provided in Appendix C.  
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B.1.2. Academic Achievement 

Table B-3. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess Academic Achievement in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/
Manual 

Examiner 
Qualifications 

KeyMath 
Diagnostic 
Arithmetic Test; 
19763 

A NP3 A A A3 A3 NP3 Year of publication: The KeyMath, American 
edition was first published by American 
Guidance Service in 1976. The Canadian edition 
was published by Psycan in 1979, and a 
supplemental norms table was published by 
American Guidance Service in 1983.This test is 
appropriate for children “preschool” age through 
grade 6.  
Test-retest reliability: Data were not present in 
the sources consulted for the extraction table.4 
Criterion validity: No specific information on 
criterion validity is reported in the sources 
consulted and summarized in the extraction table; 
however, the information on predictive validity 
indicates that criterion validity is adequate. 
Instructions/manual: Data in the extraction 
table come from sources other than the manual, 
and ratings reflect statements from those sources. 
There are manuals available that could be 
consulted. 
Examiner qualifications: Data were not present 
in the sources consulted for the extraction table. 
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KeyMath 
Diagnostic 
Arithmetic 
Test-Revised 
(KeyMath R); 
1991 

A NP3 A A A3 A3 NP3 This test is appropriate for children ages 5 years, 
6 months through 15 years, 5 months (or grades 
K through 8). 
Test-retest reliability: Data were not present in 
the sources consulted for the extraction table. 
Criterion validity: No specific information on 
criterion validity is reported in the sources 
consulted and summarized in the extraction table; 
however, the information on predictive validity 
indicates that criterion validity is adequate. 
Instructions/manual: Data in the extraction 
table come from sources other than the manual, 
and ratings reflect statements from those sources. 
There are other manuals that could be consulted. 
Examiner qualifications: Data were not present 
in the sources consulted for the extraction table. 

Wechsler 
Individual 
Achievement 
Test (WIAT); 
1992 

A A A A D3 A A The WIAT is designed for use on children grades 
K through 12.  
Criterion validity: Correlations between WIAT 
test performance and school grades are poor.  
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Woodcock-
Johnson III Test 
of Achievement 
(WJ III ACH); 
2001 

A A A A A3 A A Administration of individual subtests within the 
WJ III varies depending upon age. Norms are 
available by month from age 24 months to 
19 years and by year from ages 20 to 90+ years. 
Criterion validity: No specific information on 
criterion validity is reported in the sources 
consulted and summarized in the extraction table; 
however, the information on discriminant 
validity indicates that criterion validity is 
adequate. 
Outcomes, subscales, and subtest scores: 
Outcomes are scored with a standardized mean of 
100 and standard deviation (SD) of 15. The index 
scores and subtests for the WJ III that have been 
identified in the epidemiological literature for the 
in-progress EPA IRIS toxicological review of 
MeHg are Antonyms, Concept Formation, 
Decision Speed, Memory for Words, Numbers 
Reversed, Spatial Relations, Synonyms, Verbal 
Analogies, Visual Matching, Applied Problems, 
Calculation, Letter-Word, Math Fluency, and 
Passage Comprehension (Academic Achievement 
domain).  

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4The link to the extraction table is provided in Appendix C. 
*Subtests or scales within tests that belong to a different domain may be applicable to academic achievement. These include the Kaufman Assessment Battery for Children 
(KAB-C): Achievement Index (IQ domain); McCarthy Scales of Children’s Abilities (MSCA): Quantitative Index (IQ domain); and Stanford-Binet, 5th Edition: Quantitative 
Processing Index (IQ domain).  



Evaluating Features and Application of Neurodevelopmental Tests in Epidemiological Studies 

B-22 

Table B-4. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Academic Achievement 
in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

KeyMath 
Diagnostic 
Arithmetic Test; 
19763 

NP3 NA A NA A NA Year of publication: The KeyMath, American 
edition, was first published by American Guidance 
Service in 1976. The Canadian edition was 
published by Psycan in 1979, and a supplemental 
norms table was published by American Guidance 
Service in 1983. 
Subject age (child): Data were not present in the 
sources consulted for the extraction table.4 

KeyMath 
Diagnostic 
Arithmetic Test-
Revised 
(KeyMath R); 
1991 

A3 NA A NA A NA Subject age (child): Grade-level normative bands 
are used instead of age-based normative bands. 
Although there may be some age misclassification 
(e.g., a 16-year-old middle school student), this is 
thought to occur infrequently.  

Wechsler 
Individual 
Achievement 
Test (WIAT); 
1992 

A NA A NA A NA None. 

Woodcock-
Johnson III Test 
of Achievement 
(WJ III ACH); 
2001 

A NA A NA A NA None. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4The link to the extraction table is provided in Appendix C.  
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B.1.3. Developmental 

Table B-5. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess the Developmental Domain in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Bayley Scales of 
Infant 
Development 
(BSID-1);19693 

A A A3 A A3 A3 A3 This test assesses aspects of cognition labeled 
“mental” in the test manual. It assesses motor and 
social behaviors in very young children—ages 
2 months to 2 years of age. 
Content validity: Evaluation is based on 
correlations with BSID-2.  
Criterion validity: Criterion validity depends on 
age. When the test is given at very young ages, 
correlations with both later-in-life BSID scores and 
later IQs can be very low. 
Instructions/manual: Data in the extraction table4 
come from text (Spreen and Strauss), and ratings 
reflect statements from that text. There is a manual 
with explicit instructions.5 

Examiner qualifications: These are not well 
defined. This test is difficult to give without training 
from an experienced administrator, and the 
instructions allow for a great deal of leeway, which 
can ultimately affect scores. 
Outcomes, subscale, and subtest scores: The 
index scores and subtests for the BSID-1 have been 
identified in the epidemiological literature for the 
in-progress EPA IRIS toxicological review of MeHg 
and are the Mental Development Index (MDI) (IQ 
domain) and Psychomotor Index (Visuospatial 
domain), which represent the overall outcome 
scores for the test with standardized means of 100 
and standard deviations (SDs) of 15. 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Bayley Scales of 
Infant 
Development, 
Second edition 
(BSID-II); 19933 

A A A A A A A3 The age range for the test is 1 month to 42 months. 
Year of publication: The publication year of 1993 
is from the Psychological Corporation by author 
Nancy Bayley. The original BSID was copyrighted 
in 1969. This test is a revision of the BSID-I.  
Examiner qualifications: Examiners require 
extensive training. 
Outcomes, subscale, and subtest scores: The 
Mental and Motor Index scores have a standardized 
mean of 100 and SD of 15. 
The index scores for this test have been identified in 
the epidemiologic literature for in-progress EPA 
IRIS toxicological review of MeHg and are listed in 
the footnotes of evaluation tables for other domains, 
where applicable. These include the Mental 
Development Index (IQ domain) and the Motor 
Index (Motor Function domain). 

Bayley Scales of 
Infant 
Development-III 
(BSID-3); 2006 

A A A A A A A3 The BSID-III represents the second revision of the 
test and is appropriate for children aged 1 month to 
42 months. 
Examiner qualifications: Examiners require 
extensive training. 
Outcomes, subscale, and subtest scores: The test 
includes three domains—Cognitive, Language, and 
Motor—which have subscale scores. Domains and 
subtests can be scored with age-adjusted normative 
outcomes of several types. 

Brazelton Newborn 
Assessment Scale 
(NBAS); 1973 

D3 D3 A D3 A3 A A3 This test was developed for infants 1 day to 
1 month, although some items can be administered 
through 10 weeks old. It is used clinically and may 
be more valuable in clinical situations in which 
testing is done by an experienced clinician.5 

Internal consistency: Data suggest inter-item 
consistency ranges from 0.15 to 0.52. Low 
correlations may in part reflect heterogeneity of test 
items. (In addition, the review of quantitative 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

outcomes suggests that data analysis is challenging 
due to the correlations of the behavioral items on the 
inventory and nature of the data.) 
Test-retest reliability: This test measures moment-
to-moment state behaviors in children and appears 
to have face validity, but this makes it unreliable in 
some ways.5 

Construct validity: This test does not correlate well 
with other tests. 
Criterion validity: The test correctly predicted mild 
and moderate disability among preterm infants. 
Examiner qualifications: Research assistants with 
experience in the care and assessment of young 
infants can reliably administer these scales with 
extensive training from a certified examiner. 
Outcomes, subscale, and subtest scores: This test 
produces 6 main cluster scores ranging from 1 to 9, 
7 supplementary scores ranging from 1 to 9, and 18 
reflex/motor scores ranging from 0 to 3. 
The index scores for this test have been identified in 
the epidemiological literature for the in-progress 
EPA IRIS toxicological review of MeHg and are 
Autonomic Stability, Habituation, Motor, 
Orientation, Range of State, Reflexes, and 
Regulation of State (Developmental domain). 

Denver 
Development 
Screening Test 
(DDST); 1967 

NP3 A A3 A3 D3 A3 A3 DDST is designed for children from birth to 6 years. 
Internal consistency: Data were not present in the 
sources consulted for the extraction table. 
Content validity: This test has inherent content 
validity as a measure of developmental milestones. 
Construct and criterion validity: Data in the 
extraction table show good correlations with other 
developmental tests in 236 pediatric patients. A 
study on validity in 2,569 children is described in 
the extraction table, but the outcomes are not clearly 
described. Low sensitivity and under-referral rate 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

indicate that the instrument is not consistently 
predictive of developmental deficits, which supports 
a criterion validity rating of deficient. 
Instructions/manual: Data in the extraction table 
come from validation papers, and ratings reflect 
statements from these papers. There is a test manual. 
Examiner qualifications: Examiner qualifications 
are discussed but are not specific. 
Outcomes, subscale, and subtest scores: The four 
scored developmental areas include gross motor, 
fine motor, language, and social and personal skills. 
They are scored as normal, questionable, or 
abnormal. 
The scores for this test have been identified in the 
epidemiological literature for the in-progress EPA 
IRIS toxicological review of MeHg and are listed in 
the footnotes of evaluation tables for other domains, 
where applicable. They include Communication 
(language area, Verbal domain); Fine Motor Skills 
and Gross Motor Skills (Motor Function domain); 
and Social Skills (social/emotional area, 
Social/Emotional domain). 

Denver 
Development 
Screening Test-II 
(DDST II); 1992 

A A A3 A3 A3 A3 A3 This test is designed for neonates through 6 years of 
age. 
Content validity: The content validity rating is 
based on DDST. 
Construct and criterion validity: Validity and 
correlations with other developmental tests and with 
diagnostic outcomes are adequate in summaries 
provided in the extraction table for children at older 
ages, but not for children 2 years of age or younger. 
These studies are based on highly specific 
populations. 
Instructions/manual: Data in the extraction table 
come from validation papers, and ratings reflect 
statements from these papers. There is a test manual. 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Examiner qualifications: Examiner qualifications 
are discussed but are not specific. 

Fagan Test of 
Infant Intelligence; 
1985 

D3 D3 A3 A3 D3 A3 A3 This test is designed for infants ages 27–52 weeks 
and is corrected for prematurity. 
Reliability: According to sources consulted for the 
extraction table, internal consistency and test-retest 
reliability were low. This is probably due to the 
variety of test items and ages of infants and may not 
be a surmountable issue for this type of test. 
Validity (in general): Studies reported in extraction 
table show adequate values but are based on small 
sample sizes. 
Criterion validity: Per the data in the extraction 
table, the test predicts normal development 
adequately but is deficient for abnormal 
development. 
Instructions/manual: There are explicit 
instructions. 
Examiner qualifications: Examiners are trained 
using a training manual and videotape. 
Outcomes, subtest, and subscale scores: The 
scores for this test have been identified in the 
epidemiological literature for the in-progress EPA 
IRIS toxicological review of MeHg and are listed in 
the footnotes of evaluation tables for other domains, 
where applicable. This includes the Visual Attention 
outcome (Attention domain) and Visual Recognition 
Memory outcome (Learning and Memory domain), 
which have associated “novelty scores” determined 
by the computer when the baby responds to stimuli. 

Gesell 
Developmental 
Schedules; 19253 

NP3 NP3 A3 A NP3 A NP3 This test was developed for children from neonate to 
56 weeks. 
Year of publication: The Gesell Developmental 
Schedules appear to have been republished or 
revised in 1940 and 1949. 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Internal consistency: Data were not present in the 
sources consulted for the extraction table. 
Test-retest reliability: This is not discussed in the 
papers consulted for the extraction table. The data 
summarized in the extraction table indicate that test 
performance at 3-month intervals starting at 
3 months was not well correlated with that at later 
ages (which is more a measure of validity), but the 
sources consulted do not provide data on test-retest 
reliability at the same age. 
Content validity: At the time this test was 
developed, it had content validity; however, this test 
was based on theory from an earlier time, and what 
is known about neurodevelopment has evolved since 
then. 
Criterion validity: Data were not present in the 
sources consulted for the extraction table. 
Examiner qualifications: Data were not present in 
the sources consulted for the extraction table. It is 
known that examiners require extensive training. 

Griffith Mental 
Development 
Scales (GMDS); 
1970 

NP3 A A A NP3 NP3 A3 The age range for this test is birth to 1 year, 
11 months. Since it was published and normed 
around 1970, the timeframe in which it was applied 
to research must be considered. 
Internal consistency: Data were not present in the 
sources consulted for the extraction table. 
Criterion validity: Data were not present in the 
sources consulted for the extraction table. 
Instructions/manual: Data were not present in the 
sources consulted for the extraction table. 
Instructions may be available in papers that were not 
consulted for the extraction table.5 

Examiner qualifications: Information on examiner 
qualifications was not directly available from 
sources consulted for the extraction table; however, 
“Griffiths certified examiners” are mentioned, 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

indicating that expert examiners trained other 
examiners. 
Outcomes, domain-specific subscales, and 
subtests: Scores for this test as a whole (General 
Quotient) and for the five subscales are based on 
standardized mean of 100 and SD of 15. 
The subscales for this test have been identified in 
the epidemiological literature for the in-progress 
EPA IRIS toxicological review of MeHg and are 
listed in the footnotes of evaluation tables for other 
domains, where applicable. These include Hand-eye 
Coordination Index and Locomotion Index (Motor 
Function domain), Hearing and Speech Index 
(Verbal domain), Hand-eye Performance Index 
(Visuospatial domain), and Personal/Social Skills 
subscale (Social-Emotional domain).  

Kyoto Scale of 
Psychological 
Development 
(KSPD; K-test); 
2002 

A NP3 A3 A3 A3 A3 A It appears that this test was developed for Japanese 
children ages 0–5 years. 
Test-retest reliability: Data were not present in the 
sources consulted for the extraction table. 
Validity (in general): Studies in Japan show that 
the test correlates with another Japanese 
developmental test and predicts developmental 
abnormalities of various types. 
Criterion validity: The sources consulted for the 
extraction table describe a study of children with 
known developmental disorders. As a group, they 
performed below average on the developmental 
quotient (DQ) outcome. 
Instructions/manual: The sources consulted for the 
extraction table cite administration manuals in 
Japan. 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Neonatal Intensive 
Care Unit Network 
Neurobehavioral 
Scale (NNNS); 
2004 

A NP3 A A A A A3 Gestational ages 30–48 weeks is the target age range 
for this test. 
Test-retest reliability: Data were not present in the 
sources consulted for the extraction table. 
Examiner qualifications: Research assistants with 
experience in the care and assessment of young 
infants can reliably administer these scales with 
extensive training from a certified examiner. 

Prechtl General 
Movement 
Assessment 
(GMA); 19773 

NP3 A3 A3 A A3 A3 NP3 Age of administration is 0–4 months. 
Year of publication: The year is sometimes listed 
as 2004, specifically to general movements (GMs) 
or the General Movements Assessment (GMsA).  
Internal consistency: Data were not present in the 
sources consulted for the extraction table. 
Test-retest reliability: The extraction table 
mentions an intra-rater study that is small but 
indicates adequacy. 
Content validity: Content validity is based on 
theory. 
Criterion validity: Predictive validity has been 
indicated as adequate in a few small studies. This 
test seems to predict cerebral palsy well. 
Instructions/manual: Data in the extraction table 
come from validation papers, and ratings reflect 
statements from these papers. A formal assessment 
system appears to exist and could be consulted. 
Examiner qualifications: The sources consulted 
for the extraction table report that videos are used 
for scoring, but do not indicate who is qualified to 
rate them. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4 The link to the extraction table is provided in Appendix C.  
5 Adequacy and deficiency are determined by the professional experience and knowledge of the co-author Dr. Roberta F. White.  
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Table B-6. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess the Developmental Domain in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 
Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 
Bayley Scales of 
Infant 
Development 
(BSID-1); 19693 

NP3 NA A3 NA A NA Year of publication: The year is sometimes listed 
as 1969. The manual may be available at 
Psychological Corporation. 
Subject age: The sources consulted for the 
extraction table do not provide information on the 
age bands in the normative sample. 
Population representation: The standardization 
sample is noted in the extraction table as being 
reasonably representative of the U.S. population, 
but is otherwise not described. 

Bayley Scales of 
Infant 
Development, 
Second edition 
(BSID-II); 
19933 

A NA A NA A NA Year of publication: The year of 1993 is from the 
Psychological Corporation by author Nancy 
Bayley. The original BSID was copyrighted in 
1969. 

Bayley Scales of 
Infant 
Development-III 
(BSID-3); 2006 

A NA A NA A NA None. 

Brazelton 
Newborn 
Assessment 
Scale (NBAS); 
1973 

NP3 NA NP3 NA NP3 NA There was inadequate information on test norms in 
the sources consulted for the extraction table.  

Denver 
Development 
Screening Test 
(DDST); 1967 

NP3 NA D3 NA A NA Subject age (child): Age bands are not described 
in validation studies per the extraction table but 
may be in the manual. 
Population representation (child): The 
standardization sample is limited to Denver 
children. The representativeness was not described 
in sources consulted for the extraction table. 
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Test; 
Year of 

Publication 

Normative Data 
Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 
Denver 
Development 
Screening Test-
II (DDST II); 
1992 

NP3 NA D3 NA A NA Subject age (child): Age bands were not 
described in the sources consulted for the 
extraction table but may be available in the 
manual. 
Population representation (child): Several 
specific population normative studies are 
described in the extraction table. The initial sample 
was 2,096 children “from all over Colorado.”  

Fagan Test of 
Infant 
Intelligence; 
1985 

NP3 NA D3 NA D3 NA Subject age (child): The sources consulted for the 
extraction table did not provide information on age 
bands used in the normative sample.  
Population representation (child): The 
normative sample was not designed to represent a 
population. 
Sample size (child): The normative sample size 
was relatively small (<250 children). 

Gesell 
Developmental 
Schedules; 
19253 

A3 NA D3 NA A3 NA Year of publication: The Gesell Developmental 
Schedules appears to have been republished or 
revised in 1940 and 1949. 
Subject age (child): Age bands of 4-week 
intervals from newborn to 56 weeks were used.  
Population representation (child): The 
standardization sample consisted of 107 middle 
class infants from North America. 
Sample size (child): Although the sample size 
only consisted of 107 infants, they were repeatedly 
tested, which yielded repeated measures of the 
same children. 
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Test; 
Year of 

Publication 

Normative Data 
Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 
Griffith Mental 
Development 
Scales (GMDS); 
1970 

NP3 NA NP3 NA A NA Subject age (child): Infants and children ages 6, 
12, and 24 months were included in the 
standardization sample. There is no information in 
the sources consulted and summarized in the 
extraction table on the age bands used to calculate 
the outcomes. 
Population representation (child): Information 
on the representativeness of the sample from the 
United Kingdom was not available from sources 
consulted and summarized in the extraction table. 

Kyoto Scale of 
Psychological 
Development 
(KSPD; K-test); 
2002 

NP3 NA NP3 NA A NA Subject age (child): Normative studies are not 
detailed in the sources consulted for the extraction 
table. 
Population representation (child): Normative 
study populations are not detailed in the sources 
consulted for the extraction table. 

Neonatal 
Intensive Care 
Unit Network 
Neurobehavioral 
Scale (NNNS); 
2004 

NP3 NA D3 NA A NA Subject age (child): No age band data are present 
in the sources consulted for the extraction table. 
Population representation (child): A normative 
study of children in Boston is described in the 
extraction table, which would not be considered 
representative. 

Prechtl General 
Movement 
Assessment 
(GMA); 1977 

NP3 NA D3 NA A3 NA Year of publication: The year is sometimes listed 
as 2004, specifically to general movements (GMs) 
or General Movements Assessment (GMsA). 
Subject age, population representation, sample 
size (child): The data in the extraction table do not 
suggest that true norms or normative samples 
exist. A sample of 233 infants for whom 783 video 
recordings were available is described; all children 
were at high risk for neurodevelopmental 
disorders. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.1.4. Neuropsychological Assessment Batteries 

Table B-7. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess Neuropsychological Assessment Batteries in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Developmental 
Neuropsychological 
Assessment 
(NEPSY); 1998 

NP3 A A A A A A3 This test is designed for children 3–12 years of age.  
Internal consistency: Data were not present in the 
sources consulted for the extraction table. To be 
meaningful, this would have to be calculated 
separately for each subtest or domain, as the 
subtests and subscales measure different constructs 
associated with brain function and brain damage. 
Examiner Qualifications: This test is a difficult 
instrument to master when all or many subtests are 
administered (some studies select only one or two 
subtests, as there is not an overall omnibus score 
result). The use of multiple NEPSY subtests 
requires extensive training and supervision by a 
developmental neuropsychologist. 
Outcomes, subscale, and subtest scores: 
Composite domain scores (standardized 
mean = 100, standard deviation [SD] = 15) are 
calculated from the standard scores associated with 
subtests (mean = 10, SD = 3). The applicable 
subtests depend upon the age of the child. 
The domain composite scores for this test have 
been identified in the epidemiological literature for 
the in-progress EPA IRIS toxicological review of 
MeHg and are listed in the footnotes of evaluation 
tables for other domains, where applicable. These 
include the Attention subscale and the Executive 
Function subscale. 
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Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Neurobehavioral 
Evaluation System 
(NES); 1985 

A A A A3 A3 A3 A The NES is designed for adults; some subtests have 
been adapted for children. This is a computer-
administered test designed for research; outcomes 
are the scores on tasks which, in research, are 
adjusted for relevant variables. 
Construct validity: The NES is correlated with 
analogous noncomputerized tests. 
Criterion validity: The Adequate rating is based 
on personal knowledge and research.4 Specific 
subtests have been found to be associated with 
toxicant exposure and certain neurological 
disorders. 
Instructions/manual: The NES is a computer-
administered test with an examiner present. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4Adequacy and deficiency are determined by the professional experience and knowledge of the co-author Dr. Roberta F. White.   
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Table B-8. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess the Neuropsychological 
Assessment Batteries Domain in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Developmental 
Neuropsychological 
Assessment 
(NEPSY); 1998 

A NA A NA A NA None. 

Neurobehavioral 
Evaluation System 
(NES); 1985 

NP3 NP3 NP3 NP3 NP3 NP3 Norms (child & adult): The NES does not 
utilize normative data; outcomes are raw scores, 
adjusted for factors including age, gender, and 
education. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.2. Clinical Assessment Instruments 

B.2.1. Clinical Conditions 

Table B-9. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess Clinical Conditions in Developmental Neurotoxicity studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Autism 
Spectrum 
Quotient (AQ); 
2001 

A A A A A A A3 This test has a child version that starts at age 4, 
an “adolescent” version for ages 9.8–15.4 years, 
and an adult version for ages 16 and above. 
Examiner qualifications: This is a self-
administered questionnaire. 

Barkley Adult 
ADHD Rating 
Scale-IV; 2011 

A A A3 A A3 A A3 The age range for the test is 15–89 years. 
Content validity: The rating is based on 
Diagnostic and Statistical Manual (DSM) criteria 
for developmental disorders. 
Criterion validity: Convergent and divergent 
validities are demonstrated. 
Examiner qualifications: This is a self-reported 
measure. 

Childhood 
Asperger’s 
Syndrome Test 
(CAST); 2002 

NP3 A A3 A3 A A A3 The age range for this test is 4–11 years. 
Internal consistency: Data were not present in 
the sources consulted for the extraction table. 
Content validity: This test uses items that reflect 
Asperger’s symptoms. 
Construct validity: The results from the 
criterion validity studies suggest construct 
validity. 
Examiner qualifications: This is a parent-
completed questionnaire. 

Childhood 
Autism Rating 

A NP3 A A3 A A A3 This test is designed for children up to 10 years 
of age. 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Scale (CARS); 
1980 

Test-retest reliability: Data were not present in 
the sources consulted for the extraction table. 
Construct validity: The results from the 
criterion validity studies suggest construct 
validity. 
Examiner qualifications: Sources consulted for 
the extraction table indicate that examiners have 
been trained by the test authors and that clinical 
psychologists have carried out the test in at least 
one study. 

Conners’ Parent 
Rating Scale-
Revised (CPRS-
R); 19973 

A A A A A A3 A The parent and teacher scales are essentially the 
same test and manual. Parents rate children 3–
17 years of age. 
Year of publication: This test was also 
published in 2000 and 2001.  
Instructions/manual: It is unclear how explicit 
the manual is regarding instructions to raters.  
Outcomes, subscales, and subtest scores: The 
index scores and subtests for the CPRS-R have 
been identified in the epidemiological literature 
for the in-progress EPA IRIS toxicological 
review of MeHg and are ADHD Index (T-scores 
based on normative sample) (Clinical Conditions 
domain), and Behavioral Index, Externalizing 
Problems, Hyperactivity Index, and Oppositional 
Index (Social-Emotional domain).  

Conners’ 
Teacher Rating 
Scale-Revised 
(CTRS-R); 
19973 

A A A A A A3 A The parent and teacher scales are essentially the 
same test and manual. Teachers rate children 3–
17 years of age. 
Year of publication: This test was also 
published in 2000 and 2001.  
Instructions/manual: It is unclear how explicit 
the manual is regarding instructions to raters. 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Spence 
Children’s 
Anxiety Scale 
(SCAS); 1994 

A A A A NP3 A A3 The age range for this test is 8–12 years. 
Criterion validity: Data were not present in the 
sources consulted for the extraction table. 
Examiner qualifications: This is a self-report 
questionnaire completed by children. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
*Subtests or scales within tests that belong to a different domain may be applicable to clinical conditions. This includes the Conners’ Parent Rating Scale-R: ADHD Index 
(Attention domain).  
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Table B-10. Adequacy or Deficiency of Factors Affecting the Normative Data Standards of Psychometric Tests Used to Assess Clinical 
Conditions in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Autism Spectrum 
Quotient (AQ); 
2001 

NP3 D3 NP3 A3 NP3 D3 Subject age, population representation, and 
sample size (child): Data are not present in the 
sources consulted for the extraction table. 
Subject age (adult): Adult samples are obtained 
from a narrow age range of young adults with no 
age bands.  
Population representation (adult): The 
normative population includes autism cases plus 
randomly selected controls from East Anglia. 
Sample size (adult): The adult norms are based 
on a sample of 58 adults with autism spectrum 
disorders and 174 controls.  

Barkley Adult 
ADHD Rating 
Scale-IV; 2011 

NA A3 NA A3 NA A Subject age (adult): Age bands are not discussed 
in the extraction table. The test is normed for 
adults 18–89 years.  
Population representation (adult): Normative 
data are drawn from a U.S. census-matched 
sample. The test is representative for the United 
States. 

Childhood 
Asperger’s 
Syndrome Test 
(CAST); 2002 

D3 NA D3 NA D3 NA Subject age, population representation, and 
sample size (child): The sources consulted for 
the extraction table suggest normative studies 
have not been conducted. The instrument was 
developed in the United Kingdom. 

Childhood 
Autism Rating 
Scale (CARS); 
1980 

D3 NA D3 NA A NA Subject age (child): Over half of the normative 
age sample was less than 6 years of age, and only 
11% were aged 10 years or older. Thus, the 
number of children in some of the age bins 
appears to be insufficient.  
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Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Population representation (child): Normative 
data use a convenience sample with very specific 
characteristics. 

Conners’ Parent 
Rating Scale-
Revised 
(CPRS-R); 1997 

A NA A NA A NA None. 

Conners’ 
Teacher Rating 
Scale-Revised 
(CTRS-R); 1997 

A NA A NA A NA None. 

Spence 
Children’s 
Anxiety Scale 
(SCAS); 1994 

NP3 NA D3 NA A3 NA Subject age (child): Age bands are not reported 
in the sources consulted for the extraction table.  
Population representation (child): Normative 
data use a convenience sample in Brisbane.  
Sample size (child): Confirmatory factor analytic 
studies have been done on approximately 1,400 
children. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.2.2. Mental Status 

Table B-11. Adequacy of Factors Affecting the Reliability, Validity, and Administration Standards of Tests Used to Assess Mental Status 
in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 

Mini-Mental 
State 
Examination 
(MMSE); 1975 

NP3 A A3 A3 A A NP3 The MMSE is typically administered to adults 
and not children.  
Internal consistency: Internal consistency may 
be limited due to heterogeneity of items 
measuring different constructs. 
Content validity: The adequate rating is based 
on personal knowledge; the test assesses 
common mental status domains.4 

Construct validity: The adequate rating is based 
on correlation with other similar tests. 
Examiner qualifications: This test can be given 
by a wide variety of practitioners.4 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4Adequacy and deficiency are determined by the professional experience and knowledge of the co-author Dr. Roberta F. White.   
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Table B-12. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Mental Status in 
Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Mini-Mental 
State 
Examination 
(MMSE); 1975 

NA NP3 NA NP3 NA NP3 Norms (adult): No information on normative 
data was provided in the sources consulted for the 
extraction table. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document.  
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B.3. Domain-specific Tests  

B.3.1. Attention 

Table B-13. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess Attention in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/Manual Examiner 

Qualifications 
Conners’ 
Continuous 
Performance 
Test-II (CPT-
II); 20003 

A A A A A A3 NP3 There are multiple versions of tests assessing the 
Continuous Performance Test (CPT) paradigm 
(including auditory versions). CPT is an older type 
of test, and several versions have been used in the 
neurotoxicology literature. The Conners’ version is 
appropriate for ages >6 years.  
Year of publication: This test was also published 
in 2004 and printed in Canada in 2006. 
Instructions/manual: Manual and instructions 
exist but are not detailed with regard to 
instructions.  
Examiner qualifications: Data were not present in 
the sources consulted for the extraction table. 
Outcomes, subscales, and subtests (all assessing 
aspects of attention): Most outcomes are scored 
using T-scores (standardized mean = 50, SD = 10). 
The index scores and subtests for the CPT-II have 
been identified in the epidemiological literature for 
the in-progress EPA IRIS toxicological review of 
MeHg and are COPT-Hit Reaction Time, CPT-d 
Prime T, and CPT Hit Reaction Time (HRT) and 
are all normed to T-scores (standardized 
mean = 50, SD = 10). 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/Manual Examiner 

Qualifications 
Test of 
Everyday 
Attention for 
Children 
(TEA-CH); 
1999 

NP3 A A A A A NP3 This test is designed for children ages 6–16 years. 
Internal consistency: Data were not present in the 
sources consulted for the extraction table. 
Examiner qualifications: Data were not present in 
the sources consulted for the extraction table. 
Outcomes, subscale, and subtest scores: The 
index scores and subtests for this test have been 
identified in the epidemiological literature for the 
in-progress EPA IRIS toxicological review of 
MeHg and are Map Mission, Sky Search, and 
Walk/Don’t Walk, which are described below. All 
outcomes have standardized means of 10 and SDs 
of 3 and assess specific aspects of attention. 
Map Mission: Examinees search a visually 
cluttered display for target stimuli. This subtest is 
designed to measure selective and focused 
attention. 
Sky Search: For this subtest, the examinee circles 
targets on a plastic sheet while being distracted. It 
is designed to measure selective and focused 
attention. 
Walk/Don’t Walk: For this subtest, children listen 
to verbal instructions and must decide whether to 
move forward or not. The test includes both “go” 
and “no-go” paradigms and is designed to measure 
sustained attention and response inhibition.  

Test of 
Variables of 
Attention 
(TOVA); 1992 

A A A A A A NP3 This test is designed for persons aged 4–80 years. 
Examiner qualifications: Data were not present in 
the sources consulted for the extraction table. It is 
primarily a computer-administered test. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
*Subtests or scales within tests that belong to a different domain may be applicable to attention. These include the Developmental Neuropsychological Assessment (NEPSY): 
Attention domain subscale (Neuropsychological Assessment Batteries domain); Fagan Test of Infant Intelligence (FTII): Visual Attention outcome (Developmental domain); and 
Wechsler Memory Scale-III (WMS-III): Spatial Span Forward (Learning and Memory domain).  
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Table B-14. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Attention in 
Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Conners’ 
Continuous 
Performance Test-
II (CPT-II); 2000 

A A A A A A None. 

Test of Everyday 
Attention for 
Children 
(TEA-CH); 1999 

D3 NA NP3 NA A NA Subject age (child): Some age bands had only a 
few participants (N = 13–30), and 1-year age bands 
for younger children are too wide. 
Population representation (child): Data were not 
present in the sources consulted for the extraction 
table. 

Test of Variables 
of Attention 
(TOVA); 1992 

A D3 D3 D3 A A Subject age (adult): The norms are based on 
pooled samples of 1,596 individuals aged 4–
80 years, of whom 1,349 were children and 250 
were adults aged 20–80 years. This is a small 
sample for adults in a wide age range (6 age bins, 
the oldest of which consisted of elderly adults). 
Population representation (child & adult): All 
participants in the normative sample were from 
Minnesota and 99% were white. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.3.2. Executive Function 

Table B-15. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess Executive Function in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 
Stroop Color-
Word Test; 
1978/20033 

NP3 A A3 A A A3 NP3 Year of publication: The Golden versions of the 
test for adults and children were published in 
1978 and 2003, respectively. 
This test has several versions. The Victoria 
version is designed for ages 18–94 years, the 
Golden version for ages 5–90 years, and the 
Trenerry version for ages 18–50 years. 
Internal consistency: Data were not present in 
the sources consulted for the extraction table. 
Content validity: This is an old paradigm with 
inherent content validity. 
Instructions/manual: Several versions are 
mentioned in the sources consulted for the 
extraction table. 
Examiner qualifications: Data were not present 
in the sources consulted for the extraction table. 

Trail-making 
Test; 1944 

NP3 A A A A A NP3 This is an older test developed initially for adults 
and later applied to children. There are multiple 
versions, with the Reitan version used more often 
in the past. There is now a child version with a 
manual. For these ratings, it is assumed studies 
are using the Reitan version. 
Internal consistency: The cited sources mention 
correlations between Parts A and B, but this is not 
a real reliability measure, as the two parts have 
different instructions and response requirements. 
Examiner qualifications: Data were not present 
in the sources consulted for the extraction table. 
Outcomes, domain-specific scores and 
subtests: There are a variety of scoring methods 
for this test, including pass/fail, time to 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/

Manual 
Examiner 

Qualifications 
completion for each of the two test forms (Pattern 
A and Pattern B) and/or errors on each, and 
differences in completion time for the two forms.  
The scores for this test have been identified in the 
epidemiological literature for the in-progress EPA 
IRIS toxicological review of MeHg and are listed 
in the footnotes of evaluation tables for other 
domains, where applicable. They include “Pattern 
A” and “Pattern B,” but the actual outcomes are 
unclear. Both are useful for assessing the working 
memory aspect of executive function, although 
Pattern A is sometimes considered to be more of 
an attention test. 

Verbal Fluency 
Test; 2001 

A A A A A A A This is an older test initially developed to identify 
fluency deficits in aphasia. It has since been 
adapted as a more general test of executive 
function or working memory and is known more 
generally as the Controlled Oral Word 
Association Test (although Verbal Fluency Test 
will be used in the older literature). It is 
sometimes considered a test of verbal function. 
Norms exist for ages 8–89 years. 

Wisconsin Card 
Sorting Test 
(WCST); 1993 

A A A A A A A This test has multiple versions (see extraction 
table). 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
*Subtests or scales within tests that belong to a different domain may be applicable to executive function. These include the Developmental Neuropsychological Assessment 
(NEPSY): Executive function domain subscale (Neuropsychological Assessment Batteries domain); Kaufman Assessment Battery for Children (K-ABC): Mental Processing, 
Sequential Processing, Simultaneous Processing (IQ domain); McCarthy Scales of Children’s Abilities (MSCA) [an executive function scale is presented in the mercury literature; 
however, this scale is not discussed in the MSCA manual] (IQ domain); Stanford-Binet, 5th ed.: Fluid Reasoning Index, Working Memory Index (IQ domain); Wechsler 
Intelligence Scale for Children-R. (WISC-R): Digit span subtest (IQ domain); Wechsler Intelligence Scale for Children-III (WISC-III): Digit span subtest (IQ domain); Wechsler 
Intelligence Scale for Children—IV (WISC-IV): Working Memory Index (IQ domain); Wechsler Adult Intelligence Scale-III (WAIS-III): Arithmetic, digit span, and letter-number 
sequencing subtests (IQ domain); Wechsler Memory Scale-R (WMS-R): Spatial span (Learning and Memory domain); and Wechsler Memory Scale-III (WMS-III): Spatial span 
backward (Learning and Memory domain).  
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Table B-16. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Executive Function in 
Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Stroop Color-
Word Test; 
1978/20033 

NP3 A3 D3 D3 NP3 A3 Year of publication: The Golden versions of the 
test for adults and children were published in 1978 
and 2003, respectively. 
Subject age (child): The sources consulted for the 
extraction table indicate no norms for children.  
Subject age (adult): Age bands for normative data 
depend on the version of the test. Some are 
adequate. 
Population representation (child & adult): The 
population (Canadian) is highly specific and may 
depend on the version used. 
Sample size (child): Data were not present in the 
sources consulted for the extraction table. 
Sample size (adult): Sample sizes for normative 
data depend on the version of the test. Some are 
adequate. 

Trail-making 
Test; 1944 

NP3 A NP3 A NP3 A Norms (child): Data were not present in the 
sources consulted for the extraction table. 

Verbal Fluency 
Test; 2001 

A A A A A A This test has multiple versions (see extraction 
table). 

Wisconsin Card 
Sorting Test 
(WCST); 1993 

A A A A A A This test has multiple versions (see extraction 
table). 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.3.3. Motor Function 

Table B-17. Adequacy of Factors Affecting the Reliability, Validity, and Administration Standards of Tests Used to Assess Motor 
Function in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/
Manual 

Examiner 
Qualifications 

Bruininks-
Oseretsky Test 
of Motor 
Proficiency 
(BOTMP); 1978 

A A A A NP3 A A This test is normed for ages 3–18 years. 
Criterion validity: Data were not present in 
the sources consulted for the extraction table. 
Highly specific outcomes are available for this 
test, with motor functions divided into 
subdomains.  

Grooved 
Pegboard; 1963 

NA3 A A3 A A3 A NP3 There are several sets of norms for this test. 
Those in the manual include ages 5–60 years, 
but other norms extend to at least age 85 (ages 
20–85). This test is often scored by time 
instead of normative outcome. 
Internal consistency: This criterion is not 
applicable as the test involves moving pegs (all 
stimuli and responses are the same). 
Content validity: This is not discussed in the 
extraction table but, by definition, pegboard 
tests assess motor coordination (and, in this 
case, manual motor speed). 
Criterion validity: This is not presented in the 
extraction table, but the test outcomes predict 
handedness, unilateral lesions affecting motor 
areas, and other endpoints. 
Examiner qualifications: Data were not 
present in the sources consulted for the 
extraction table. 
Outcomes, domain-specific scores, and 
subtests: The scores for this test have been 
identified in the epidemiological literature for 
the in-progress EPA IRIS toxicological review 
of MeHg and include mean time for each hand, 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/
Manual 

Examiner 
Qualifications 

a raw score based on time to completion of the 
task.  

Movement 
Assessment 
Battery for 
Children 
(MABC); 1992 

NP3 A A A NP3 A A This test is designed for children ages 4–
12 years. 
Internal consistency: Data were not present in 
the sources consulted for the extraction table. 
Criterion validity: Data were not present in 
the sources consulted for the extraction table. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
*Subtests or scales within tests that belong to a different domain may be applicable to motor function. These include the Bayley Scales of Infant Development-II (BSID-II): Motor 
Index (Developmental domain); Denver Developmental Screening Test (DDST): Fine motor skills area and gross motor skills area outcomes (Developmental domain); Griffith 
Mental Development Scales (GMDS): Hand-eye Coordination Index and Locomotion Index (Developmental domain); McCarthy Scales of Children’s Abilities (MSCA): Motor 
Index (IQ domain); Wechsler Intelligence Scale for Children-III (WISC-III): Coding subtest (IQ domain); and Wechsler Adult Intelligence Scale-III (WAIS-III): Coding/Digit 
symbol subtest (IQ domain).  
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Table B-18. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Motor Function in 
Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject 
Age 

Population 
Representation 

Sample 
Size 

Children Adults Children Adults Children Adults 

Bruininks-
Oseretsky Test 
of Motor 
Proficiency 
(BOTMP); 1978 

A NA D3 NA A NA Population representation (child): The 
sample population for norms is from a small 
town with primarily white children. 

Grooved 
Pegboard; 1963 

NP3 A NP3 NP3 NP3 A There are several sets of norms for this test. 
Subject age (child): According to the 
extraction table, norms for younger children 
should be used cautiously, although they exist 
beginning at age 5. Age bands were not present 
in the sources consulted for the extraction table.  
Population representation (child & adult): 
Data were not present in the sources consulted 
for the extraction table. 
Sample size (child): Data were not present in 
the sources consulted for the extraction table. 

Movement 
Assessment 
Battery for 
Children 
(MABC); 1992 

A3 NA NP3 NA NP3 NA Subject age (child): The age bands are rather 
wide, especially the age band from 4 to 6 years 
of age. 
Population representation (child): Data were 
not present in the sources consulted for the 
extraction table. 
Sample size (child): Data were not present in 
the sources consulted for the extraction table. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.3.4. Learning and Memory 

Table B-19. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess Learning and Memory in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/ 

Manual 
Examiner 

Qualifications 

California Verbal 
Learning Test 
(CVLT); 1983, 
1987 

A A A A A A A The CVLT is a list learning test that includes 
multiple measures of learning, short- and long-
term recall, recognition, free recall, and 
interference effects. Normative outcomes are 
available for persons aged 17–80 years. 

California Verbal 
Learning Test – 
Children (CVLT-
C); 1994 

A A A A A A A The children’s version of the CVLT is structured 
similarly to the adult version, assessing multiple 
aspects of verbal learning and memory. It is 
designed for children ages 5 years through 
16 years, 11 months. 

Wechsler 
Memory Scale-
Revised (WMS-
R); 1987 

A A A A A3 A A This test was developed for individuals ages 16–
74 years. 
Criterion validity: The rating of adequate is 
based on personal knowledge of how scores on 
the test are associated with clinical diagnoses and 
specific sites of brain damage.4 

Outcomes, domain-specific scores, and 
subtests: The scores for this test have been 
identified in the epidemiological literature for the 
in-progress EPA IRIS toxicological review of 
MeHg and are listed in the footnotes of evaluation 
tables for other domains, where applicable. This 
includes Spatial Span (Working Memory), a test 
that has forward and backward span conditions. 
The outcomes for subtests such as Spatial Span 
are age-standardized scores (mean = 10, standard 
deviation [SD] = 3). Scales are calculated by 
summing the appropriate subtest scores and 
determining the appropriate age-standardized 
scores (mean = 100, SD = 15). 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-
Retest Content Construct Criterion Instructions/ 

Manual 
Examiner 

Qualifications 

Wechsler 
Memory Scale-
III (WMS-III); 
1997 

A A A A A3 A A This test was normed for individuals 16–89 years 
of age. 
Outcomes, domain-specific scores, and 
subtests: The scores for this test have been 
identified in the epidemiological literature for the 
in-progress EPA IRIS toxicological review of 
MeHg and are listed in the footnotes of evaluation 
tables for other domains, where applicable. This 
includes Spatial Span Forward (Attention) and 
Spatial Span Backward (Executive 
Function/Working Memory). The outcomes for 
subtests such as Spatial Span are age-standardized 
scores (mean = 10, SD = 3). Scales are calculated 
by summing the appropriate subtest scores and 
age-standardized scores (mean = 100, SD = 15). 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4Adequacy and deficiency are determined by the professional experience and knowledge of the co-author Dr. Roberta F. White.  
*Subtests or scales within tests that belong to a different domain may be applicable to learning and memory. These include the Fagan Test of Infant Development: Visual 
recognition memory score (Developmental domain); McCarthy Scales of Children’s Abilities (MSCA): Memory Index (IQ domain); Stanford-Binet-4th edition.: Bead Memory 
test (IQ domain) [Copying Test Recall has also appeared as an outcome in the mercury literature, but this would have been a raw score adjusted for relevant variables, as the 
standard Copying Test does not have a recall condition and does not produce a scaled score]; and Stanford-Binet, 5th edition.: Memory Index (IQ domain).  
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Table B-20. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Learning and Memory 
in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

California Verbal 
Learning Test 
(CVLT); 1983, 
1987 

NA A NA D3 NA A Population representation (adult): Normative 
sample subjects were drawn from only three cities 
in the United States. 

California Verbal 
Learning Test – 
Children (CVLT-
C); 1994 

NP3 NA A NA A NA Subject age (child): The sources consulted did 
not provide information on age bands used for the 
normative sample.  

Wechsler 
Memory Scale-
Revised (WMS-
R); 1987 

A A A A A A None. 

Wechsler 
Memory Scale-III 
(WMS-III); 1997 

A A A A A A None. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.3.5. Social-Emotional 

Table B-21. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess the Social-Emotional Domain in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/
Manual 

Examiner 
Qualifications 

Beck Depression 
Inventory (BDI); 
1961 

A A A A A3 A3 A3 The extraction table indicates that the test is given 
to adolescents and adults but not to children. 
Criterion validity: It is well established that the 
test correlates well with other depression 
measures; however, these data are not present in 
the extraction table. 
Instructions/manual: Data in the extraction table 
come from the Spreen and Strauss text, and 
ratings reflect statements from that text. It was 
assumed that there is a test manual that could be 
consulted. 
Examiner qualifications: This is a self-
administered questionnaire. 

Beck Depression 
Inventory-Second 
Edition (BDI-II); 
1996 

A A A3 A A A3 A3 The age range for this test is 13–86 years. 
Content validity: BDI-II includes items drawn 
from the Diagnostic and Statistical Manual of 
Mental Disorders (DSM) and correlates with the 
Structured Clinical Interview for DSM (SCID).  
Instructions/manual: Data in the extraction table 
come from the Spreen and Strauss text, and 
ratings reflect statements from that text. It was 
assumed that there is a test manual that could be 
consulted. 
Examiner qualifications: This is a self-
administered questionnaire. 

Behavior 
Assessment 
System for 
Children, 2nd ed. 
(BASC-2); 2004 

A A A A A A A The BASC-2 is appropriate for ages 2–25 years; 
however, the upper age limit not clear. 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/
Manual 

Examiner 
Qualifications 

Child Behavior 
Checklist 
(CBCL); 1998 

NP3 A A A A3 A A3 The age range for this test is not provided in the 
extraction table. The Child Behavior Checklist 
(CBCL) is appropriate for ages 2–18 years. 
Internal consistency: Data were not present in 
the sources consulted for the extraction table. 
Criterion validity: Criterion validity exists in 
other literature that was not consulted in the 
extraction table. 
Examiner qualifications: Most forms of this test 
are questionnaires answered by a parent, teacher, 
or child. There are interview and observation 
versions, but no data are present in the extraction 
table on examiner qualifications for these 
versions. 

Children's 
Communication 
Checklist (CCC); 
1998 

A A A A A A A3 The age range for this test appears to be 5–
17 years. 
Examiner qualifications: This is a questionnaire 
filled out by a parent, teacher, or clinician about 
the child’s behavior. 

Difficulties in 
Emotion 
Regulation Scale 
(DERS); 2004 

A A A A A A3 A3 The age range for this test appears to vary by 
study (see extraction table) and has included 18–
55, 13–17, and 11–15 years of age. 
Instructions/manual: Data in the extraction table 
come from reliability and validity studies, and 
ratings reflect statements from that text. It is 
assumed that there is a test manual that could be 
consulted. 
Examiner qualifications: This is a self-reported 
measure. 

Disruptive 
Behavior 
Disorders Scale 
(DBD); 1997 

A A A A NP3 A A3 The age range for this test is unclear but may 
include 6–12-year-old children, preschool and 
school-age children, or preschool through high 
school children (see extraction table). 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/
Manual 

Examiner 
Qualifications 

Criterion validity: Data were not present in the 
sources consulted for the extraction table. 
Examiner qualifications: This is a self-reported 
measure filled out by parents or teachers about 
the child’s behavior. 

Early Childhood 
Behavior 
Questionnaire; 
2002 

A A A A A A3 A3 The age range for this test is 18–36 months. 
Instructions/manual: Data in the extraction table 
come from reliability and validity studies, and 
ratings reflect statements from that text. It was 
assumed that there is a test manual that could be 
consulted, as there is a standard set of questions. 
Examiner qualifications: This is a parent-
completed questionnaire. 

EAS 
Temperament 
Survey for 
Children; 1984 

A A A A A A A3 This test appears to be used for children aged 
5 months to 9 years (see extraction table). 
Examiner qualifications: This is a parent-
completed questionnaire. 

Profile of Mood 
States (POMS); 
19713 

A A A A A A A3 Norms for this test exist for ages 18 and older. 
Year of publication: Revisions are reported in 
1992 and 2003, but a fully revised version is 
"under way." 
Examiner qualifications: This is a standard self-
reported questionnaire. 

Social and 
Communication 
Disorders 
Checklist 
(SCDC); 1997 

A A A A A A A3 The extraction table describes uses of the test at 
age 5 and at 2.5–17 years. 
Examiner qualifications: This is a parent-
completed or teacher-completed questionnaire. 

Social 
Communication 
Questionnaire; 
2003 

A A A A A A A3 Normative data for this test are based on persons 
4–40 years of age. 
Examiner qualifications: This is a primary 
caregiver-completed questionnaire. 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test-

Retest Content Construct Criterion Instructions/
Manual 

Examiner 
Qualifications 

State-Trait 
Anxiety 
Inventory 
(STAI); 1966 

D3 A3 A A A3 A A The STAI was designed for high school students, 
college students, and adults. There is also a child 
version of the test (STAI-C [not extracted]). 
Internal consistency: Measures of internal 
consistency were reported to be below the 
threshold of acceptable (i.e., <0.6). 
Test-retest reliability: Test-retest reliability 
appears to be Adequate for the trait anxiety 
measure; however, test-retest reliability is less 
robust for the state anxiety variable (this would be 
expected as state anxiety varies across 
circumstances and days). 
Criterion validity: The Adequate rating is based 
on information provided for sensitivity. 

Strengths and 
Difficulties 
Questionnaire 
(SDQ); 1994 

A A A3 A A A A3 The SDQ can be administered using teacher- and 
parent-reported answers for ages 3–16 years. For 
ages 11–16 years, the SDQ may be administered 
using self-, teacher-, and parent-reported answers. 
Content validity: The Adequate rating is based 
on factor analyses presented in the extraction 
table. 
Examiner qualifications: This is a self-
administered questionnaire. 

Vineland 
Adaptive 
Behavior Scales; 
1998 

A A A A A A A This test was designed for children aged 3 years 
to 18 years, 11 months. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
*Subtests or scales within tests that belong to a different domain may be applicable to social-emotional. These include the Conners’ Parent Rating Scale-Revised: Behavioral Index, 
Externalizing Problems, Hyperactivity Index, Oppositional Index (Clinical Conditions domain); Denver Developmental Screening Test (DDST): Social/emotional area (called 
Social skills in the literature) (Developmental domain); and Griffith Mental Development Scale (GMDS): Personal/Social Skills Index (Developmental domain).  



Evaluating Features and Application of Neurodevelopmental Tests in Epidemiological Studies 

B-60 

Table B-22. Adequacy or Deficiency of Factors Affecting the Normative Data Standards of Psychometric Tests Used to Assess the Social-
Emotional Domain in Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Beck Depression 
Inventory (BDI); 
1961 

NA NP3 NA NP3 NA NP3 Norms (adults): There is no information on 
normative data in the sources consulted and 
summarized in the extraction table. 

Beck Depression 
Inventory-Second 
Edition (BDI-II); 
1996 

NP3 NP3 D3 D3 D3 D3 Additional normative data may be available from 
other sources not consulted for the extraction table.  
Subject age (child & adult): Data on age bands 
are not present in the extraction table. 
Population representation & sample size (child 
& adult): The normative data are based on a 
convenience sample of 127 patients from one 
university who are not representative of the U.S. 
population. 

Behavior 
Assessment 
System for 
Children, 2nd ed. 
(BASC-2); 2004 

A D3 A D3 A NP3 Subject age (adult): The normative sample does 
not report information for ages 21–25 years old—
the upper age range for the test as described by the 
test publishers. 
Population representation (adult): The older age 
range of adults considered in the normative sample 
was not described. 
Sample size (adult): Data were not present in the 
sources consulted for the extraction table for ages 
18–21 years. 

Child Behavior 
Checklist 
(CBCL); 1998 

A3 NA A NA A NA Subject age (child): Age bands are wide for norms. 

Children's 
Communication 
Checklist (CCC); 
1998 

NP3 NA NP3 NA NP3 NA Data on these criteria are not provided in the 
sources consulted for the extraction table. The test 
has mainly been used in the United Kingdom and 
Holland (see extraction table). 
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Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Difficulties in 
Emotion 
Regulation Scale 
(DERS); 2004 

NA A NA D3 NA A3 Population representation & sample size (adult): 
Reliability and validity studies were carried out on 
convenience samples that were not representative of 
the population but included adolescents. The 
original normative sample was 357 college students 
ages 18–55 years. 

Disruptive 
Behavior 
Disorders Scale 
(DBD); 1997 

NP3 NA NP3 NA NP3 NA Norms (child): Data were not present in the 
sources consulted for the extraction table.  

Early Childhood 
Behavior 
Questionnaire; 
2002 

A3 NA D3 NA D3 NA Subject age (child): Age bands were of appropriate 
width but did not have enough children per age 
band.  
Population representation (child): The population 
was not representative of the United States (90% 
white fathers, 95% white mothers). 
Sample size (child): Ten children were tested at 
multiple timepoints.  

EAS 
Temperament 
Survey for 
Children; 1984 

A NA D3 NA D3 NA Population representation (child): Normative 
data were derived from small local samples. 
Sample size (child): Sample sizes for norms were 
182 children (91 mothers) in the United States and 
222 children in Holland. 

Profile of Mood 
States (POMS); 
1971 

NA A NA A3 NA A Population representation (adult): Several 
normative studies have been performed on adults. 
Population representation is considered adequate 
but should consider which normative sample is 
being used. 

Social and 
Communication 
Disorders 
Checklist 
(SCDC); 1997 

NP3 NA NP3 NA NP3 NA Norms (child): Data were not present in the 
sources consulted for the extraction table. 
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Test; 
Year of 

Publication 

Normative Data 

Notes Subject Age Population Representation Sample Size 

Children Adults Children Adults Children Adults 

Social 
Communication 
Questionnaire; 
2003 

NP3 NA NP3 NA NP3 NA Norms (child): Data were not available in the 
sources consulted for the extraction table. 

State-Trait 
Anxiety Inventory 
(STAI); 1966 

NA D3 NA D3 NA A Subject age (adult): Age band from 50 to 69 years 
of age is too wide, as age-related changes in anxiety 
may occur. 
Population representation (adult): The normative 
sample was not representative of the United States, 
where the normative study was conducted. 

Strengths and 
Difficulties 
Questionnaire 
(SDQ); 1994 

D3 NA NP3 NA A NA Subject age (child): Ages 4–7 years is a wide age 
band for this outcome. 
Population representation (child): Data were not 
present in the sources consulted for the extraction 
table; normative data may be based on data sent to 
test authors. 

Vineland 
Adaptive 
Behavior Scales; 
1998 

A NA A NA A NA None. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.3.6. Verbal/Language 

Table B-23. Adequacy of Factors Affecting the Reliability, Validity, and Administration Standards of Tests Used to Assess 
Verbal/Language Abilities in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test- 

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Boston Naming Test 
(BNT); 19783 

A NP3 A A A3 A3 NP3 Year of publication: This test was also published in 
1978.  
Age range for the test is not stated in the extraction 
table but is believed to be 6–85 years.  
Test-retest reliability: Data were not present in the 
sources consulted for the extraction table. 
Criterion validity: Poor test performance is 
associated with a number of neurological disorders 
(e.g., aphasic syndromes, Alzheimer’s disease, 
frontal dementia) and with diagnosed verbal 
learning problems in children.4 

Examiner qualifications: Data were not present in 
the sources consulted for the extraction table, 
although it is usually administered by speech 
pathologists and neuropsychologists.4  

Boston Naming 
Test-2 (BNT-2); 
2001 

A A3 A A A A NP3 The age range for the test is 5–13 years and 18 years 
and older. 
Test-retest reliability: This is rated as adequate 
given data from adults. 
Examiner qualifications: Data were not present in 
the sources consulted for the extraction table, but 
this test is generally administered by psychologists 
and speech pathologists.4 

MacArthur-Bates 
Communicative 
Development 
Inventories (CDI); 
1993 

A A A A A A3 NP3 This test is normed for children 8–30 months of age. 
Instructions/manual: Data in the extraction table 
come from validation papers, and ratings reflect 
statements from these papers. There is a test manual. 
Examiner qualifications: The test has direct testing 
versions and a parent-report version. Data were not 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test- 

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

present in the sources consulted for the extraction 
table. 

Peabody Picture 
Vocabulary Test-
Revised (PPVT-R); 
1981 

A A A A A A A The age range for this test is 2.5–40 years of age. 

Peabody Picture 
Vocabulary Test-III 
(PPVT-III); 1997 

A A A A A A A The age range for the PPVT-III is 2.5–90+ years of 
age. 

Preschool Language 
Scales-3 (PLS-3); 
19693 

NP3 A A A A A NP3 This test is designed for children ages 2 weeks to 
6 years. 
Year of publication: This test was also published in 
1979 and 1992. 
Internal consistency: Data were not present in the 
sources consulted for the extraction table. 
Examiner qualifications: Data were not present in 
the sources consulted for the extraction table. 
The scores for this test that have been identified in 
the epidemiological literature for the in-progress 
EPA IRIS toxicological review of MeHg are all 
verbal and include: Auditory Comprehension, 
Expressive Communication (formerly named Verbal 
Ability), and Total Language. All are scored with a 
standardized mean of 100 and standard deviation 
(SD) of 15. 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test- 

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Speech and 
Language 
Assessment Scale 
(SLAS); 1989 

NP3 NP3 A A A A A3 This is a parent-report test of speech and language 
that assesses children 3–5 years of age. 
Internal consistency: Data were not present in the 
sources consulted for the extraction table. 
Test-retest reliability: Data were not present in the 
sources consulted for the extraction table. 
Examiner qualifications: This is a parent-
completed questionnaire on speech. 

Test of Language 
Development 
(TOLD); 19773 

A NP3 A A A3 A A This test applies to ages 4–9 years. 
Year of publication: This test was also published in 
1978. 
Test-retest reliability: Data were not present in the 
sources consulted for the extraction table. 
The scores for this test that have been identified in 
the epidemiological literature for the in-progress 
EPA IRIS toxicological review of MeHg are all 
measures of verbal function and include: Grammar 
Completion, Grammar Understanding, Oral 
Vocabulary, Picture Vocabulary, and Sentence 
Imitation. All subtests are scored with a 
standardized mean of 10 and SD of 3. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
4Adequacy and deficiency are determined by the professional experience and knowledge of the co-author Dr. Roberta F. White.  
*Subtests or scales within tests that belong to a different domain may be applicable to verbal/language. These include the Denver Developmental Screening Test (DDST): 
Communication area (Developmental domain); Griffith Mental Development Scale (GMDS): Hearing and Speech Index (Developmental domain); Kaufman Brief Intelligence Test 
(K-BIT): The Verbal Intelligence score is equivalent to Vocabulary Performance (IQ domain); McCarthy Scales of Children’s Abilities (MSCA): Verbal Index (IQ domain); 
Stanford-Binet, 5th edition: Knowledge Index (IQ domain); Wechsler Intelligence Scale for Children-R (WISC-R): Verbal IQ, Similarities subtest (IQ domain); Wechsler 
Intelligence Scale for Children-III (WISC-III): Verbal IQ, Information subtest, Vocabulary subtest (IQ domain); Wechsler intelligence Scale for Children-IV (WISC-IV): Verbal 
Comprehension Index (IQ domain); Wechsler Preschool and Primary Scale of Intelligence-Revised (WPPSI-R): Verbal IQ (IQ domain); Wechsler Adult Intelligence Scale—III 
(WAIS-III): Vocabulary subtest, Similarities subtest, Comprehension subtest (IQ domain); Griffith Mental Development Scales (GMDS): Hearing and Speech (Developmental 
domain); and Denver Developmental Screening Test (DDST): Communication (language) area (Developmental domain).  
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Table B-24. Adequacy of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Verbal/Language Abilities in 
Developmental Neurotoxicity Studies1,2 

Test; 
Year of 

Publication 

Normative Data 

Notes Subject  
Age  

Population  
Representation  

Sample  
Size  

Children  Adults  Children  Adults  Children  Adults  

Boston Naming 
Test (BNT); 
1978 

D3 A3 NP3 NP3 D3 D3 Subject age (child): Child norms are based on a 
very small sample size. 
Subject age (adult): Age bins for adults are in 
5-year increments. 
Population representation (child & adult): 
Data were not present in the sources consulted 
for the extraction table. 
Sample size (child & adult): Sample sizes for 
both children and adults are described as small 
in the extraction table. 

Boston Naming 
Test-2 (BNT-2); 
2001 

D3 A NP3 A3 NP3 A3 Subject age (child): In the sources consulted for 
the extraction table, norms were presented for 
ages 6–12.5 years only and appeared to be 
outdated. 
Population representation (child): Data were 
not present in the sources consulted for the 
extraction table. 
Population representation (adult): The 
characterization of population representation in 
adults is not detailed, but it appears to be 
adequate. 
Sample size (child): Data were not present in 
the sources consulted for the extraction table. 
Sample size (adult): Several adult normative 
samples exist, with one consisting of 663 
participants and another of 1,000 participants 
(see extraction table). 
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Test; 
Year of 

Publication 

Normative Data 

Notes Subject  
Age  

Population  
Representation  

Sample  
Size  

Children  Adults  Children  Adults  Children  Adults  

MacArthur-
Bates 
Communicative 
Development 
Inventories 
(CDI); 1993 

A NA NP3 NA NP3 NA Population representation & sample size 
(child): Data were not present in the sources 
consulted for the extraction table. However, it 
was noted that the test has been used in several 
different countries. 

Peabody Picture 
Vocabulary 
Test-Revised 
(PPVT-R); 1981 

A D3 A D3 A A Subject age (adult): Normative sample limited 
to ages 18 or 19 to 40 years. 
Population representation (adult): Adult 
participants do not appear to be representative. 

Peabody Picture 
Vocabulary 
Test-III (PPVT-
III); 1997 

A A A A A A None. 

Preschool 
Language 
Scales-3 (PLS-
3); 1969 

A NA A NA A NA None. 

Speech and 
Language 
Assessment 
Scale (SLAS); 
1989 

NP3 NA NP3 NA NP3 NA Norms (child): Data were not present in the 
sources consulted for the extraction table. 

Test of 
Language 
Development 
(TOLD); 1977 

NP3 NA NP3 NA A NA Subject age (child): The sources consulted for 
the extraction table did not provide information 
on age bands used in the normative data. 
Population representation (child): Data were 
not present in the sources consulted for the 
extraction table. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.  
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B.3.7. Visuospatial Function 

Table B-25. Adequacy or Deficiency of Factors Affecting the Reliability, Validity, and Administration Standards of Psychometric Tests 
Used to Assess Visuospatial Function in Developmental Neurotoxicity Studies1,2 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test- 

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Bender Visual-
Motor Gestalt 
Test; 1938 

A A A A A3 A NP3 This test has been administered to children 
2.5 years through adulthood. 
Criterion validity: The extraction table does not 
reflect existing data on the test’s association with 
known brain damage and certain developmental 
disorders. 
Examiner qualifications: Data were not present 
in the sources consulted for the extraction table. 
Outcomes, subscale, and subtest scores: The 
scores for this test that have been identified in 
the epidemiological literature for the in-progress 
EPA IRIS toxicological review of MeHg are 
copy and recall. It is assumed that raw scores 
were used as true normative scores do not exist 
for this version of the Bender. 

Bender Visual-
Motor Gestalt-
Test II; 2003 

A A A A3 A A NP3 This test has versions for 4 years, 11 months 
through 85+ years.  
Construct validity: This test has inherent 
construct validity as a test of visuo-constructive 
ability and its relationship to the initial Bender 
Gestalt test. Correlations with IQ and other tests 
listed in the extraction table are not high; this is 
not an indictment of the test, as it measures a 
specific ability and not general intelligence. 
Examiner qualifications: Data were not present 
in the sources consulted for the extraction table. 



Evaluating Features and Application of Neurodevelopmental Tests in Epidemiological Studies 

B-69 

Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test- 

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Developmental 
Test of Visual-
Motor Integration 
(VMI); 19673 

A A A3 A A3 A A This test is used with children age 2.5 and adults. 
Year of publication: This test was 
restandardized in 1982 and 1989. 
Content validity: This test has inherent 
construct validity given its stimuli and task 
demands. 
Criterion validity: The reported predictive 
validity was used to determine an Adequate 
rating for criterion validity. This test is a 
predictor of verbal/performance discrepancies on 
IQ tests in children with nonverbal learning 
disabilities. 

Finger 
Identification 
Test; 19593 

A A A3 A3 NP3 A3 NP3 This test can be administered to ages 6 years 
through adulthood. 
Year of publication: The test was also 
published in Contributions to 
Neuropsychological Assessment, 1983. 
The test was developed to assess a highly 
specific aspect of brain dysfunction associated 
with the left posterior portion of the brain. 
Finger identification is called finger gnosis (or 
finger agnosia when referring to deficits in finger 
naming). 
Content validity: Finger agnosia is a specific 
and localized neurological function. Therefore, 
by definition, the test has content validity. 
Construct validity: Data reported in the 
extraction table indicate that performance is 
associated with reading and predictive of 
subsequent reading achievement, and reading is 
localized in the same brain area as finger 
naming. The poor correlations with finger 
dexterity do not argue against the test’s validity, 
as this function is controlled by different brain 
areas. 
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Test*; 
Year of 

Publication 

Reliability Validity Administration 
Notes Internal 

Consistency 
Test- 

Retest Content Construct Criterion Instructions/Manual Examiner 
Qualifications 

Criterion validity: Data were not present in the 
sources consulted for the extraction table. 
Instructions/manual: Data in the extraction 
table come from text Strauss and Lezak, and 
ratings reflect statements from that text. Lezak 
indicates that there is a test manual (Lezak et al. 
2004; Strauss et al. 2006). 
Examiner qualifications: Data were not present 
in the sources consulted for the extraction table. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column. 
*Subtests or scales within tests that belong to a different domain may be applicable to visuospatial function. These include K-BIT: Nonverbal intelligence outcome represents score 
on the Matrices test, a test of visuospatial reasoning (IQ domain); Bayley Scale of Infant Development-II (BSID-II): Psychomotor Index (Developmental domain); Griffith Mental 
Development Scale (GMDS): Hand-eye Performance Index (Developmental domain); McCarthy Scales of Children’s Abilities (MSCA): Perceptual Index (IQ domain); Stanford-
Binet Intelligence Test, 4th edition: Copying test (IQ domain); Stanford-Binet Intelligence Test, 5th edition: Visual-spatial Processing Index (IQ domain); Wechsler Intelligence 
Scale for Children-R: Performance IQ, Block Design subtest (IQ domain) [“Visuospatial performance” was identified in the epidemiological literature for the in-progress EPA 
IRIS toxicological review of MeHg and is likely Performance IQ and not a separate measure, at least it is not a WISC-R measure with that name]; Wechsler Intelligence Scale for 
Children-III (WISC-III): Performance IQ, Block Design test (IQ domain); Wechsler Intelligence Scale for Children-IV (WISC-IV): Perceptual Reasoning Index (IQ domain); 
Wechsler Preschool and Primary Scale of Intelligence-R (WPPSI-R): Performance IQ (IQ domain); Wechsler Adult Intelligence Scale-Revised (WAIS-R): Block Design subtest 
(IQ domain); Wechsler Adult Intelligence Scale-III (WAIS-III): Block Design subtest, Picture Completion subtest, Object Assembly subtest, Picture Arrangement subtest, Matrix 
Reasoning subtest (sometimes classified as executive function) (IQ domain); and Fagan Test of Infant Intelligence (FTII): Visual Recognition (Developmental domain).  
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Table B-26. Adequacy or Deficiency of Factors Affecting the Normative Data of Psychometric Tests Used to Assess Visuospatial Function 
in Developmental Neurotoxicity Studies1,2 

Test; 
Year of Publication 

Normative Data 

Notes Subject 
Age 

Population 
Representation 

Sample 
Size 

Children Adults Children Adults Children Adults 

Bender Visual-Motor 
Gestalt Test; 1938 

NP3 D3 D3 D3 D3 D3 This is an older test, and raw scores were used as outcomes when this test was used 
historically (it was later revised into Bender Gestalt II). There are no norms in the 
usual sense of the term. However, the manual presents typical drawings produced by 
children for each year of age from 3 to 11 years and 11 years through adulthood (see 
extraction table). 
Subject age (child): Age-specific norms were not present in the sources consulted for 
the extraction table. 
Subject age (adult): Outcomes for age 11 years through adulthood are not parsed into 
bins. 
Population representation & sample size (child & adult): True normative data 
were not collected with now current sampling strategies. 

Bender Visual-Motor 
Gestalt-Test II; 2003 

A A A A A A None. 

Developmental Test of 
Visual-Motor 
Integration (VMI); 
19673 

A3 D3 A D3 A D3 Year of publication: Test was restandardized in 1982 and 1989. 
Subject age (child): For children, the newer norms are Adequate for age and 
population representation through age 14 years.  
Subject age, population representation, and sample size (adult): The test author 
suggests that norms for age 14 can be used to assess test results in older adolescents 
and adults. Adults are not well represented in norms. 

Finger Identification 
Test; 19593 

A A NP3 NP3 D3 D3 Year of publication: The test was also published in Contributions to 
Neuropsychological Assessment, 1983. 
Population representation (child & adult): Data were not present in the sources 
consulted for the extraction table. 
Sample size (child & adult): The sample size utilized for this test appears to be 
small. 

1A : adequate, D : deficient, NP : not present in test manuals or other materials reviewed, NA : not applicable. 
2Adequacy and deficiency are defined based on the criteria described in Part 1 of this document. 
3See Notes column.
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B.3.8. Processing Speed 
No tests assessing processing speed were identified in the epidemiological studies from the in-
progress EPA IRIS toxicological review of MeHg. 

Subtests or scales within tests that belong to a different domain may be applicable to processing 
speed. These include Wechsler Intelligence Scale for Children III (WISC III): Processing Speed 
Index (measures speed in processing visual material) (IQ domain); Wechsler intelligence Scale 
for Children-IV (WISC-IV): Processing Speed Index (IQ domain); Wechsler Adult Intelligence 
Scale-III (WAIS-III): Processing Speed Index. (IQ domain); and Conners’ Continuous 
Performance Test-II (CPT-II): Hit Reaction Time (Attention domain).
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Appendix C. References for DNT Test Information Extraction 
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For the DNT Test Information Extraction Database, see Appendix D. 
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Appendix D. Supplemental Files 

The following supplemental files are available at https://doi.org/10.22427/NIEHS-DATA-
NIEHS-01. 

D.1.1. DNT Test Information Extraction Database 

DNT Test Information Extraction Database 
DNT_Test_Information_Extraction_Database.xlsx  
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