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ABSTRACT 

The purpose of this study was to investigate the predictive relationship between nonverbal 

intellectual functioning, language, and executive functioning in a sample of non-referred college 

students. Participants included 51 undergraduate college students (17 male, 34 female) enrolled 

in psychology courses at a Midwestern university. Nonverbal intellectual functioning was 

assessed using the Leiter International Performance Scale, Third Edition (Leiter-3; Roid, Miler, 

Pomplun, & Koch, 2013), specifically the Figure Ground, Form Completion, 

Classifications/Analogies, and Sequential Order subtests, as well as the Nonverbal IQ composite. 

The Peabody Picture Vocabulary Test, Fifth Edition (PPVT-5; Dunn, 2019) and Expressive 

Vocabulary Test, Third Edition (EVT-3; Williams, 2019) were administered to assess receptive 

and expressive language skills, respectively. Executive functioning was assessed using the Delis-

Kaplan Executive Function System (D-KEFS; Delis, Kaplan, & Kramer, 2001), specifically the 

Verbal Fluency, Color-Word Interference, and Trail Making Test subtests. The multiple 

regression showed receptive language was the only predictor of Nonverbal IQ. The multivariate 

regression showed receptive language was the only predictor of the Leiter subtests, specifically, 

mental flexibility and nonverbal reasoning. The current results include considerations for 

clinicians evaluating patients with various language and executive functioning deficits.   
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CHAPTER I 

INTRODUCTION 

Overview 

 The field of neuropsychology involves assessing brain-behavior interactions. 

Neuropsychologists are able to examine various cognitive abilities to aid in determining the 

diagnosis, prognosis, and recommendations for individuals throughout the lifespan. In situations 

in which a person’s language abilities should not be assessed due to the referral concern,, 

measures of nonverbal intelligence, such as the Leiter International Performance Scale, Third 

Edition (Leiter-3; Roid, Miller, Pomplun, & Koch, 2013b) could be used instead of traditional 

intelligence tests, such as a version of the Wechsler Intelligence Scale (WIS). Nonverbal 

intelligence tests may allow individuals to simply point to an answer or perform a task with their 

hands instead of giving a verbal answer to a question, which allows for assessment of 

intelligence by minimizing the role of expressive and receptive language.  

 It is unclear in the literature what the relationship between language and nonverbal 

intelligence is due to some conflicting findings. For example, one study found that a measure of 

receptive language was able to predict nonverbal ability scores. Vance, West, and Kutsick (1989) 

noted the Peabody Picture Vocabulary Test (PPVT; Dunn, 1959) was able to predict 

Performance IQ (PIQ) on the Wechsler Preschool and Primary Scale of Intelligence (WPPSI; 

Wechsler, 1967). However, another researcher did not find these same results when comparing a 

language measure with nonverbal cognitive abilities. Bell and colleagues (2001) reported the 

PIQ from the Wechsler Adult Intelligence Scale, Third Edition (WAIS-III; Wechsler, 1997) and 

the Peabody Picture Vocabulary Test, Third Edition (PPVT-3; Dunn & Dunn, 1997) were not 
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correlated. This means that measures of nonverbal intelligence and receptive language may 

measure separate constructs, which supports the administration of both measures in a battery if a 

clinician wants to obtain information on a patient’s language abilities and nonverbal IQ. 

Research analyzing the relationship between expressive language and nonverbal cognitive 

abilities shows similar results. Vance, West, and Kutsick (1989) found a measure of expressive 

vocabulary was not a predictor of nonverbal cognitive abilities. There is a lack of other current 

literature supporting or denying if expressive language is statistically correlated with nonverbal 

intelligence. This means that although nonverbal intelligence tests appear to primarily measure 

separate constructs than language tests, it is still possible that they share some variance. If a 

language test and nonverbal intelligence test have high shared variance, then this would mean the 

nonverbal test would not be completely “nonverbal,” and instead would measure more verbal 

abilities than it purports.    

 It is likely that other nonverbal cognitive abilities, such as visual executive functions, 

would be related to nonverbal intelligence. Although there is not one agreed upon definition in 

the literature, executive functioning is an umbrella term for a set of cognitive abilities that 

constitute higher-order abilities (Goldstein, Naglieri, Princiotta, & Otero, 2014). Some of these 

stand-alone tests can be found on the Delis-Kaplan Executive Function Systems (D-KEFS; Delis, 

Kaplan, & Kramer, 200b1b). The D-KEFS involves tests that measure visual cognitive 

flexibility, phonemic and categorical fluency, as well as verbal inhibition and verbal cognitive 

flexibility (Delis, Kaplan, & Kramer, 2001a). These constructs have some similarities to ones 

that comprise a nonverbal intelligence test, such as visual attention, fluid reasoning, processing 

speed, and visual spatial skills (Roid, Miller, Pomplun, & Koch, 2013a).   
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Nonverbal Intelligence 

 Nonverbal intelligence tests have not been in use as long as traditional intelligence tests. 

They were first labeled “performance tests” and aided in assessing the abilities of individuals 

who were illiterate, hearing impaired, and those who did not speak English (Carson, 1993; 

Naglieri & Otero, 2011; Pintner & Paterson, 1917). Recently, nonverbal intelligence tests have 

been administered to those who may have a host of neurocognitive and neurodevelopmental 

disorders, including speech and language disorders, Autism Spectrum Disorder (ASD), aphasias, 

and dementias (Bang, Spina, & Miller, 2015; Kwok, Brown, Smyth, & Cardy, 2015; Lipka & 

Siegel, 2012; Rice, 2016). This increase in use suggests that clinicians are seeing the need for 

non-traditional intelligence tests, which typically have fairly light language demands. 

 There are a wide array of nonverbal intelligence tests to choose from that have different 

degrees of language demands. Some involve giving directions verbally, but solving the tasks 

nonverbally, such as the Comprehensive Test of Nonverbal Intelligence, Second Edition 

(CTONI-2; Hammill, Pearson, & Wiederhold, 2009). Some nonverbal intelligence tests require 

instructions to be administered via pictoral directions and/or using pantomime instructions, such 

as the Universal Nonverbal Intelligence Test, Second Edition (UNIT-2; Bracken & McCallum, 

2016a) and the Leiter-3. These are all examples of normative tests, which means a patient’s raw 

score is compared to a normative sample to determine their level of functioning. If one of these 

tests is not available, some clinicians may consider using the PIQ from a WIS to draw inferences 

about nonverbal intelligence. Much of the literature that looks at nonverbal intelligence uses the 

PIQ as its measure of nonverbal intelligence (e.g., Bell et al., 2001; Burgaleta et al., 2014; 

Howlin et al., 2014).  
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 Research on the neuroanatomical correlates of nonverbal intelligence is fairly consistent 

in noting that the right parietal and frontal lobes are vital (Langeslag et al., 2013). It appears that 

the greater connectivity between the right frontal lobe and parietal lobe, the higher the scores on 

measures of nonverbal intelligence (Langeslag et al., 2013). The cerebellum has also been shown 

to play a prominent role in nonverbal tasks even though it is typically associated with balance, 

gait, coordination, and the initiation of motor movements (Blumenfeld, 2018; Fernandez et al., 

2017; Foerster et al., 2017). Ramsden and colleagues (2011) found that the PIQ on the WAIS-III 

activated the anterior cerebellum, which is associated with motor movements of the hands. As 

such, due to the Leiter-3 requiring hand movements to complete each subtest, it is likely the 

anterior cerebellum will also be activated during administration. The Perceptual Organization 

Index (POI) on the WAIS-III was also found to be positively correlated with cerebellar volume 

(Posthuma et al., 2003). This indicates that not only does the cerebellum become activated 

during performance tasks, but the amount of performance depends on the volume of the 

cerebellum. In essence, the connection between cerebellar functioning and volume, visual 

problem solving, and motor movements argue for a relationship between the tasks, which 

requires motor movements and fluid reasoning.  

Expressive and Receptive Language 

 Language functioning is complex, and deficits depend on the location of damage and 

vary based on a patient’s presenting disorder. For example, the language functioning seen in 

patients with ASD will be different than the functioning in patients with speech sound disorder, 

verbal auditory agnosia, childhood-onset fluency disorder, and dysnomia. Thus, 

neuropsychological testing should include measures of language because they aid in differential 

diagnoses and can be used as predictors for other areas of functioning, such as social functioning, 
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phonological awareness, reading accuracy, vocabulary, reading comprehension, and future 

academic achievement (Duff, Reen, Plunkett, & Nation, 2015; Mayo, Chiebowski, Fein, & 

Elgsti, 2013; Pungello et al., 2009). To fully assess language functioning, clinicians should 

administer measures of both expressive and receptive language because deficits can occur 

separately or concurrently.  

 There are different models that can be used to help assess language disorders in patients. 

The Wernicke-Lichtheim model (Lichtheim, 1885) relates language functions to a person’s 

neuroanatomy by looking at patterns of damage (Graves, 1997). Lichtheim (1885) noted if there 

was damage to the anterior temporal lobe, then there would be expressive language deficits; 

however, if there was damage to the posterior temporal lobe, there would be receptive language 

deficits. Another model proposed in the literature is the dual stream model (Hickok & Poeppel, 

2004). The dual stream model posits that the connections between different cortical regions 

better explains symptomology seen in language disorders compared to damage in one area 

(Fridriksson et al., 2018). Dorsal stream impairments are associated with expressive language 

deficits, while ventral stream impairments are associated with receptive language deficits 

(Fridriksson et al., 2018). These different patterns of deficits can aid in differential diagnosis.   

 There are many different language assessments that can be used for differential diagnosis. 

Some involve multiple aspects of language, such as the Comprehensive Assessment of Spoken 

Language – Second Edition (CASL-2; Carrow-Woolfolk, 2017), which measures both expressive 

and receptive language skills, and the Oral and Written Language Scales – Second Edition 

(OWLS-II; Carrow-Woolfolk, 2011a), which measures listening comprehension, reading 

compression, oral expression, and written expression. There are also assessments that can be 

administered that measure one facet of language. The Peabody Picture Vocabulary Test – Fifth 
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Edition (PPVT-5; Dunn, 2019a) measures only receptive language skills, while the Expressive 

Vocabulary Test – Third Edition (EVT-3; Williams, 2019a) measures only expressive language 

skills. These are all normative tests, but clinicians can also administer tests that look at species-

wide expectations, such as asking a patient to repeat several sentences that increase in 

complexity and having them name common objects in the room.  

 Knowing what areas of language a patient has deficits in can help determine the location 

of damage in the brain. The frontal lobe, more specifically, the inferior frontal gyrus, and parts of 

the subcortex (i.e., putamen and globus pallidus) have been associated with expressive language, 

while the posterior temporal lobe has been implicated in receptive language functions (Penfield 

& Roberts, 1959; Youssofzadeh, Williamson, & Kadis, 2017). The cerebellum has been shown 

to play a role in grammar processing for expressive and receptive language functioning 

(Starowicz-Filip et al., 2017). This shows that there are various areas of the brain that have an 

impact in an individual’s ability to understand and produce language.  

Executive Functioning 

 Neuropsychological testing has developed over time to include many constructs, such as 

verbal reasoning, executive functions, language, and nonverbal reasoning (Morgan & Ricker, 

2016). Some of the abilities that encapsulate executive functions include verbal fluency, 

cognitive flexibility, and inhibition. Due to there being such a wide array of abilities that are 

under the concept of executive functions, they have been divided into “cold” and “hot” functions 

(Grafman & Litvan, 1999). Cold functions involve reasoning abilities, while hot functions 

involve social and reward/punishment aspects (Grafman & Litvan, 1999).  
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 To assess cold and hot functions, there are both performance tests as well as ratings forms 

that can be administered to patients. Tests that measure various functions are sometimes 

interpreted at the subtest level, thus clinicians are able to pick and choose which abilities they 

want to assess. The Behavior Rating Inventory of Executive Function, Second Edition (BRIEF-2; 

Gioia, Isquith, Guy, & Kenworthy, 2015a) is a rating form that can be filled out by either a 

patient, teacher, or patient to obtain information on a person’s executive functions. The 

Developmental Neuropsychological Assessment, Second Edition (NEPSY-II; Korkman, Kirk, & 

Kemp, 2007a) is a battery of executive functioning that can be administered to children, while 

the D-KEFS can be administered to children and adults (Delis, Kaplan, & Kramer, 2001a). 

Executive functions that can be assessed using these normative tests include verbal fluency, 

verbal and visual cognitive flexibility, verbal inhibition, and visual scanning (Delis, Kaplan, & 

Kramer, 2001a).  

 Due to executive functioning involving various cognitive abilities, there are multiple 

areas of the brain implicated. The prefrontal cortex has been researched extensively in relation to 

executive functions (PFC; Yuan & Raz, 2014). Literature points to the PFC as the house of 

executive functions; however, many other regions have been associated with executive functions. 

The cerebellum has been shown to be activated when completing inhibition, planning, set-

shifting, and abstract reasoning tasks (O’Halloran et al., 2012; Rigoli et al., 2012). Not only have 

cortical areas been researched, but subcortical areas have been shown to contribute to executive 

function abilities. The corpus callosum has been associated with inhibition and set-shifting, while 

the basal ganglia has been associated with decision-making skills (Bettcher et al., 2016; 

Lanciego, Luquin, & Obeso, 2012).  
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The Relationship Between Nonverbal Intelligence, Expressive and Receptive Language, 

and Executive Functions 

Although tests are often constructed to measure specific constructs, some tests may have 

overlap with unintended constructs. For example, if nonverbal intelligence tests have overlap 

with receptive and expressive language tests, they may inadvertently be measuring something 

other than the target construct. Indeed, although it is tempting to conclude nonverbal intelligence 

tests only measure nonverbal skills, research has shown nonverbal IQ tests can have some shared 

variance with language measures. For example, measures of receptive and expressive language 

have been found to related to nonverbal intelligence (Bell et al., 2001; McDuffie, Kover, 

Abbeduot, Lewis, & Brown, 2012; Vance, West, & Kutsick, 1989). Typically, clinicians rely on 

nonverbal tests to lessen the degree to which patients are required to use expressive or receptive 

language due to concerns about patients with potential language or hearing impairments of some 

kind; however, nonverbal tests may or may not truly minimize use of language. In some cases, 

nonverbal intelligence tests appear to have some relationship with a person’s ability to 

understand and produce language.   

Executive functioning tests may also have overlap with nonverbal intelligence tests, 

which would indicate they are not only measuring nonverbal intelligence. Previous research has 

shown nonverbal intelligence and executive functions encompass similar abilities (Darby & 

Walsh, 2005; Lezak, Howieson, Bigler, & Tranel, 2012a; Roid, Miller, Pomplun, & Koch, 

2013a), which may indicate they have a high amount of shared variance and executive functions 

can predict nonverbal intelligence.  
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The Current Study 

 The current studies’ method for assessing nonverbal intelligence was the Leiter-3 

Nonverbal IQ score, which includes administering the following subtests: Figure Ground, Form 

Completion, Classifications and Analogies, and Sequential Order. These four subtests purport to 

measure visual recognition, visual cognitive flexibility (set-shifting), fluid reasoning, and visual 

scanning (Roid, Miller, Pomplun, & Koch, 2013a). Visual recognition refers to the ability to 

identify an object by sight. Visual cognitive flexibility, or set-shifting, refers to the ability to 

transition from one stimuli or idea to another quickly. Fluid reasoning refers to the ability to 

solve novel problems. Visual scanning refers to the ability to examine something quickly for 

specific parts.  

 The method used for assessing executive functions, such as visual/verbal cognitive 

flexibility (set-shifting), verbal inhibition, and verbal fluency was the D-KEFS Verbal Fluency, 

Color-Word Interference, and Trail Making Tests. Verbal inhibition refers to the ability to stop 

automatic verbal responses. Verbal fluency refers to the ability to quickly generate words given a 

particular concept and requires the use of language. Cognitive set-shifting is the ability to 

abandon a previous answer to provide a novel response to a new rule (Delis, Kaplan, & Kramer, 

2001a).  

The method used for assessing expressive and receptive language abilities was the EVT-3 and 

PPVT-5 Standard Scores, respectively. Expressive language is the ability to produce language. 

Receptive language is the ability to understand language. 
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Significance of the Current Study 

 Given a rapid increase in the number of test instruments that are purporting to measure 

specific constructs, it is important to understand the relationship between various neurocognitive 

domains. Research on the relationship between nonverbal intelligence and language measures 

has been conflicting. Some researchers have noted that receptive language is related to nonverbal 

intelligence, likely due to instructions either being said aloud or through gestures (McDuffie et 

al., 2012; Vance, West, & Kutsick, 1989), while another researcher noted receptive language is 

not correlated with performance IQ (Bell et al., 2001). The results of the current study provide 

the most up-to-date information as to the relationship between nonverbal intelligence and 

language abilities since it is using the most current version of the PPVT, EVT, and Leiter. If it is 

found that receptive and expressive language have high shared variance with nonverbal 

intelligence, then clinicians would know nonverbal intelligence, as measured by the Leiter-3, is a 

not fully “nonverbal” test and  measures verbal abilities as well. If patients have linguistic 

deficits, then clinicians would need to be aware that nonverbal intelligence tests may not 

measure only nonverbal cognitive abilities, which could lead to artificially lower scores and 

greater difficulty with the task demands. If nonverbal intelligence is found to not have a high 

amount of shared variance with receptive and expressive language, then clinicians would be able 

to administer a nonverbal intelligence test to a patient with language deficits and not have to 

worry about language demands leading to artificially lower scores.  

 Lastly, the literature comparing nonverbal intelligence and executive functions mainly 

involves neuroimaging studies. The Trail Making Test from the D-KEFS has been shown to 

activate similar regions nonverbal intelligence tests do, such as the cerebellum for hand 

movements and motor coordination, frontal-parietal coordination, and frontal lobe activation 
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(Nejati, Salehinejad, & Nitsche, 2018; Rigoli et al., 2012; Shaw et al., 2015). The Color-Word 

Interference task and Verbal Fluency task have been shown to activate frontal regions of the 

brain, while nonverbal intelligence activates posterior regions (Jung & Haier, 2007; Nejati, 

Salehinejad, & Nitsche, 2018; Sanjuán et al., 2010). Although neuroimaging studies are helpful 

in determining activation locations when completing different tasks, only having neuroimaging 

studies analyzing the relationship between nonverbal intelligence and executive functions is also 

a concern because neuroimaging studies may not provide clinicians with sufficient validity 

evidence for tests that purport to measure specific cognitive abilities. It is not only important to 

have studies using direct measurements of constructs, such as neuroimaging, but also indirect 

measurements, such as determining if nonverbal intelligence can be predicted by measures of 

executive functioning. According to Buczylowska and Petermann (2017), the Perceptual 

Reasoning Index on the WAIS-III was found to be correlated with planning, visual inhibition, 

phonemic fluency,  problem solving, visual concept formation, visual cognitive flexibility, and 

verbal fluency on the Neuropsychological Assessment Battery (NAB; Stern & White, 2003). The 

current study further expands these direct and indirect measurement results by determining if 

nonverbal intelligence can be predicted by measures of verbal fluency, verbal inhibition and 

cognitive set-shifting, and visual cognitive set-shifting. This is important because if measures of 

executive functions predict nonverbal intelligence to a high degree, then clinicians may decide to 

only give a nonverbal intelligence test or executive function measure since they measure similar 

constructs.  

Rationale of the Current Study 

 The purpose of the current study was to investigate if nonverbal intelligence (Leiter-3) 

can be predicted by receptive language (PPVT-5), expressive language (EVT-3), and verbal 
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inhibition, verbal cognitive set-shifting, verbal fluency, and visual cognitive set-shifting (D-

KEFS). Similarly, the current study investigated if fluid reasoning, visual spatial skills, and 

visual scanning abilities (Leiter-3 subtests) were predicted by receptive language (PPVT-5), 

expressive language (EVT-3), and verbal inhibition, verbal cognitive set-shifting, verbal fluency, 

and visual cognitive set-shifting (D-KEFS).  

Although tests purport to measure a specific cognitive ability or abilities, all tests have 

different language demands resulting in performance differences that might not be due to the 

target cognitive ability being tested, but instead due to language. If language demands were to  

predict nonverbal intelligence, it could alter a clinician’s case conceptualization. Studies have 

found that nonverbal tasks activated language centers of the brain, such as the frontal and parietal 

lobes (Gläscher et al., 2009; Langeslag et al., 2013), which supports of the fact that even though 

the task was labeled to be nonverbal, there was still a language demand. Thus, one of the primary 

rationales for this study was to examine and expand the research on how much of a language 

demand nonverbal intelligence tests have.  

 Many executive functions appear to measure similar constructs incorporated in nonverbal 

intelligence. A benefit of this study was that no research has been published yet to analyze if 

verbal fluency, verbal inhibition, verbal cognitive set-shifting, and visual cognitive set-shifting 

(D-KEFS) can predict nonverbal intelligence as measured by the Leiter-3. The only information 

in the literature comparing the D-KEFS subtests and nonverbal intelligence suggests these 

subtests may measure similar constructs, such as visual spatial skills, visual attention, fluid 

reasoning, and processing speed (Roid, Miller, Pomplun, & Koch, 2013a). Other research has 

noted that a more nonverbal index, the Perceptual Reasoning Index on the WAIS-III, has been 
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correlated with measures of verbal and visual executive functions (Buczylowska & Petermann, 

2017).  

Wilhoit (2017) presented a table in which the subtests from the Leiter-3 were assigned to 

the broad and narrow Cattell-Horn-Carroll (CHC) abilities. This table noted Classification and 

Analogies and Sequential Order were assigned to fluid intelligence and induction, Form 

Completion was assigned to visual processing and visualization, and Figure Ground was 

assigned to visual processing and flex of closure (Wilhoit, 2017). These assignments on CHC 

abilities indicate the subtests may be measuring different constructs than executive functions.  

If it were to be found that nonverbal intelligence could be predicted by executive 

functions, then it could leave the examiner with uncertainty as to what the nonverbal test was 

measuring. Clinicians would also want to determine if a nonverbal intelligence test would be the 

most appropriate test to administer to patients to obtain an idea of their overall cognitive abilities 

if the patient has executive function deficits. Thus, another rationale for this study was to 

examine and expand the research on the relationship between executive functions and nonverbal 

intelligence. 

Research Questions and Hypotheses 

R1. To what degree do expressive language (EVT-3), receptive language (PPVT-5), 

visual cognitive set-shifting (Trail Making Test), verbal inhibition and verbal cognitive 

set-shifting (Color-Word Interference), and verbal fluency (Verbal Fluency) predict fluid 

reasoning (Classifications and Analogies; Leiter-3), visual spatial skills (Form 

Completion; Sequential Order; Leiter-3), and visual scanning abilities (Figure Ground; 

Leiter-3)? This prediction model will be analyzed via a multivariate regression.  
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EVT-3 + PPVT-5 + Trail Making Test + Color-Word Interference + Verbal 

Fluency → Figure Ground, Form Completion, Classification and Analogies, and 

Sequential Order  

H1:  The null hypothesis will be supported.  

The hypothesis that receptive and expressive language will not predict fluid 

reasoning, visual spatial skills, and visual scanning is based on the fact language is 

primarily housed in the dominant hemisphere (Towle et al., 2008; Youssofzadeh, 

Williamson, & Kadis, 2017), whereas the other three constructs are housed primarily in 

the nondominant hemisphere (Huberle & Karnath, 2012). This is consistent with previous 

research that indicated receptive and expressive language tasks were not correlated with 

visual spatial cognitive abilities (Bell et al., 2001; Weismer et al., 2018). 

The hypothesis that visual cognitive set-shifting, verbal inhibition and cognitive 

set-shifting, and verbal fluency will not predict fluid reasoning, visual spatial skills, and 

visual scanning abilities skills is consistent with previous research that the predictor 

variables were found to be related to intellectual functioning although unique variance 

was still present (Davis, Pierson, & Finch, 2011).    

R2. To what degree do expressive language (EVT-3), receptive language (PPVT-5), 

visual cognitive set-shifting (Trail Making Test), verbal inhibition and verbal cognitive 

set-shifting (Color-Word Interference), and verbal fluency (Verbal Fluency) predict 

Nonverbal IQ (Leiter-3)? This prediction model will be analyzed via a multiple 

regression.  
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EVT-3 + PPVT-5 + Trail Making Test + Color-Word Interference + Verbal 

Fluency → Nonverbal IQ 

H1:  Receptive language and visual cognitive set-shifting will predict a proportion 

of the variance in Nonverbal IQ.  

H0: Nonverbal IQ will not be predicted by expressive language, verbal cognitive 

set-shifting and inhibition, and verbal fluency.  

The hypothesis that Nonverbal IQ will be predicted by receptive language is 

based on the fact that to complete a nonverbal intelligence test one must understand the 

gestured instructions displayed by the examiner, which involves the use of receptive 

language skills even if they are not spoken. This hypothesis is consistent with research 

finding that receptive language is related to nonverbal intelligence and nonverbal 

cognitive abilities (McDuffie et al., 2012; Vance, West, & Kutsick, 1989). This 

hypothesis is also consistent with research noting the parietal lobe and cerebellum are 

activated during both receptive language tasks and Nonverbal IQ tests (Jung & Haier, 

2007; Ramsden et al., 2011; Starowicz-Filip et al., 2017; Towle et al., 2008). The 

hypothesis that there will be a prediction of Nonverbal IQ by visual cognitive set-shifting 

is consistent with research noting both abilities require activation from the cerebellum for 

hand movements and motor coordination, frontal-parietal coordination, and frontal lobe 

activation (Nejati, Salehinejad, & Nitsche, 2018; Rigoli et al., 2012; Shaw et al., 2015). 

The hypothesis that there will not be a prediction of Nonverbal IQ by expressive 

language is consistent with research noting Nonverbal IQ tests activate the right parietal 

lobe, right frontal lobe, and cerebellum (Jung & Haier, 2007; Posthuma et al., 2003), 
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while expressive language has been shown to activate mainly the left posterior frontal 

lobe (Tate et al., 2014; Towle et al., 2008). The hypothesis that there will not be a 

prediction of Nonverbal IQ by verbal inhibition and cognitive set-shifting or verbal 

fluency is consistent with previous research that Verbal Fluency activates primarily 

Broca’s area and the cerebellum (Riva et al., 2013; Strick, Dum, & Fiez, 2009), verbal 

inhibition and cognitive set-shifting activates the prefrontal regions (Nejati, Salehinejad, 

& Jitsche, 2018), while nonverbal intelligence has been shown to primarily activate the 

right parietal lobe (Jung & Haier, 2007; Nejati, Salehinejad, & Jitsche, 2018). 

CHAPTER II 

REVIEW OF THE LITERATURE 

 This review is comprised of seven sections: an overview, a review of literature on 

nonverbal intelligence, language, executive functioning, the relationship between nonverbal 

intelligence and language, language and neuropsychological testing, and a conclusion.  

Overview 

Clinical neuropsychologists administer a wide array of tests to assess various cognitive 

abilities, such as memory, sensory-motor functioning, executive functions, language, and 

intelligence to aid in differential diagnoses and determine a patient’s strengths and weaknesses. 

Due to individual differences, not every patient can be administered the same battery of 

assessments; as such, a flexible approach to test selection is often employed. The field of 

neuropsychology has had a difficult time assessing nonverbal intelligence in diverse populations 

when it would be inappropriate to administer a traditional intelligence test (Naglieri & Otero, 

2011). In general, nonverbal intelligence has been described to be comprised of an individual’s 

spatial skills, visualization, visual memory, visual attention, concentration, quantitative 
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reasoning, fluid reasoning, and processing speed (Roid, Miller, Pomplun, & Koch, 2013a) 

without the requirement of verbal instruction or verbal responses. However, most tests of 

intelligence include subtests that have language demands. For example, the Wechsler 

Intelligence Scales (WIS) have an iteration of verbal IQ (VIQ) such as a Verbal Comprehension 

composite, that includes subtests for which the patient must use expressive language (i.e., 

Vocabulary, Similarities, Comprehension, and Information).  

There are many individuals in the United States that cannot be accurately assessed using 

intelligence tests requiring expressive and/or receptive language, including individuals who are 

not fluent in English, and some patients with language difficulties such as those with Autism 

Spectrum Disorder (ASD), speech and language impairments, aphasias, frontotemporal 

dementia, and those who are deaf or hard of hearing (Bang, Spina, & Miller, 2015; Hope, Leff, 

& Price, 2018; Howlin, Savage, Moss, Tempier, & Rutter, 2014; Kwok, Brown, Smyth, & 

Cardy, 2015; Lipka & Siegel, 2012; Rice, 2016). To assess these individuals’ cognitive abilities, 

neuropsychologists may choose to use tests that measure nonverbal skills, such as visual-spatial 

abilities and nonverbal executive functions; these abilities may in turn be used as an estimate of 

nonverbal intelligence. Using only visual stimuli and eliminating verbal responses is a potential 

concern because these patients will not be completing a full neuropsychological evaluation that 

assesses the entire brain.   

To address these concerns, clinicians can administer assessments that aid in determining 

language skills that have minimal verbal loading. For example, previous research found that a 

measure of receptive language (Peabody Picture Vocabulary Test, Revised; PPVT-R; Dunn & 

Dunn, 1981) was a predictor of the performance IQ (PIQ) composite on the Wechsler Preschool 

and Primary Scale of Intelligence (Vance, West, & Kutsick, 1989; WPPSI; Wechsler, 1967). The 
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PIQ score on the WIS measures an individual’s nonverbal intelligence. This study suggests 

clinicians who are unable to administer a measure of language to a patient may use a PIQ 

composite score as an estimated predictor of how well they might understand spoken language. 

Vice versa, a test that purports to measure one construct, such as nonverbal intelligence, may 

measures language instead, or in addition to the non-language target construct. Understanding 

what a test measures is vital when trying to assess different cognitive abilities in patients, 

because a neuropsychologist could misinterpret results if they think a test measures a construct it 

really does not. This proposed study attempts to answer some questions the literature has yet to 

cover regarding if nonverbal intelligence (Leiter-3) can be predicted by receptive language 

(PPVT-5), expressive language (EVT-3), and/or executive functioning (D-KEFS).  

Nonverbal Intelligence 

The History of Nonverbal Intelligence Testing. Typical (i.e., those that include verbal 

direction and encourage verbal responses) and nonverbal intelligence tests have been in use for 

decades and understanding how these constructs and tests were created is important because it 

shows how the field of psychology has adapted to helping those with specific deficits to obtain a 

well-rounded view of their cognitive abilities.  In 1890, James McKeen Cattell was the first 

person to coin the term “mental test”, which came before the idea of “psychometric intelligence” 

(Boake, 2002, p. 384). One test that soon followed the idea of psychometric intelligence was the 

Binet-Simon Intelligence Scale (BSIS; Binet & Simon, 1905). In 1911, Terman wrote six 

criticisms of the BSIS. He noted that it measured an individual’s ability to verbally answer 

questions more so than their “ability to do acts,” and it put too much weight on tasks that 

involved repeating numbers and words and defining abstract terms (p. 3). He also stated the 

BSIS required children to be able to read and write and to complete certain tasks for which they 



NONVERBAL IQ, LANGUAGE, EF  27 

 

 
 

must have specific prior knowledge from things in the environment, such as clocks and money to 

answer questions correctly. Terman’s last criticism was related to the way the standardization 

sample was created; Binet and Simon combined the age groups thus resulting in different aged 

children using the same norms, such as eight-year-olds being compared to eleven-year olds.  

Due to the BSIS being criticized for its lack of nonverbal components, in addition to 

other criticisms, psychiatrist William Healy and psychologist Grace Fernald created a group of 

tests, such as the Construction Puzzle A and Picture Completion Test (Healy & Fernald, 1911), 

that were designed to assess practical skills (Boake, 2002). Stemming from this idea of 

measuring more practical, or nonverbal abilities, the term “performance testing” was coined by 

Howard Knox and aided in the creation of the performance tests used at Ellis Island in the 1910s. 

These performance tests aided in determining if immigrants who did not speak English and/or 

had little to no education were “mental defectives” (Knox, 1914, p. 741). According to Knox 

(1914), the tests designed for immigrants included the use of foam boards and puzzle games. 

Knox (1914) noted these tests were said to have measured immigrants’ reasoning, judgement, 

attention, cooperation, perseverance, and sense of form.  

The use of these performance tests that measure nonverbal cognitive abilities became 

popular by the United States Army soon after its use and positive results at Ellis Island (Carson, 

1993). During World War I, Robert Yerkes (1917) created the Army Alpha and Army Beta group 

intelligence tests. The Army Alpha test was administered to soldiers who were literate, while the 

Army Beta test was created for those who were illiterate and those who failed the Army Alpha 

test (Carson, 1993; Naglieri & Otero, 2011). If someone failed the group exams, they would be 

administered a separate test individually, known as the Army Performance Scale (Yerkes, 1917). 
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Although the use of these performance tests by the United States was a promising 

advancement in the creation of nonverbal intelligence tests, it was not until 1917 that the first 

individual performance test was created for children in the United States. The Pintner-Paterson 

Performance Scale (Pintner & Paterson, 1917) was created to aid in assessing children who were 

hearing impaired, and thus unable to complete verbal tasks. This test assesses nonverbal 

cognitive abilities and could be used for not only those who are hearing impaired, but also those 

who might be unable to speak. This scale was created using a variety of other previously 

established performance tasks, such as using foam board, puzzle tasks, the Construction Puzzle 

A, the Picture Completion Test, etc. (Boake, 2002).  

Researchers have noted that nonverbal tasks should be used for those with language 

deficits (Botting, 2005; Fucetola, Connor, Strube, & Corbetta, 2009; Gallinat & Spaulding, 

2014). Kaufman (1994) emphasized that having psycholinguistic deficits (e.g., the relationship 

between psychological processes and linguistics) will make intelligence scores suffer, due to 

many typical intelligence tests having a language demand. This is one reason having a measure 

of both VIQ and  PIQ is essential for determining a patient’s cognitive strengths and weaknesses, 

provide information on treatment and recovery outcomes, as well as aid in differential diagnosis 

in both a clinical setting and in special education evaluations in the schools (Roid, Miller, 

Pomplun, & Koch, 2013a). For example, Clegg and colleagues (2005) studied 17 males with 

severe receptive developmental language disorders four times over the course of 30 years (i.e., 

childhood, middle childhood, early twenties, and mid-thirties). At the 30-year follow-up, they 

administered each participant a short form of the Wechsler Adult Intelligence Scales – Revised 

UK (Clegg, Hollis, Mawhood, & Rutter, 2005; WAIS-RUK; Wechsler, 1992). It was determined 

that their PIQs were higher than their VIQs (Clegg, Hollis, Mawhood, & Rutter, 2005). The 
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authors also analyzed the changes in PIQ and VIQ scores across all time points based on their 

language outcomes. Those participants with high language outcomes were found to have a 

similar PIQ scores but a seven-point decline in their VIQ scores over the four time periods 

(Clegg, Hollis, Mawhood, & Rutter, 2005). For participants with low language outcomes, their 

PIQ scores rose, while their VIQ scores stayed fairly consistent over the four time periods 

(Clegg, Hollis, Mawhood, & Rutter, 2005). This suggests when assessing patients with language 

disorders, the overall IQ score should be interpreted with caution by clinicians. Also, the VIQ 

and PIQ scores should be interpreted individually, as clinicians may see a major discrepancy in 

groups of individuals with language disorders, which could provide a better picture of the 

patient’s strengths and weaknesses.  

Another population that could show discrepancies in VIQ and PIQ scores are those with a 

diagnosis of Autism Spectrum Disorder (ASD). Courchesne and colleagues (2019) assessed a 

sample of 52 children with ASD and 54 typically developing children using the Wechsler 

Preschool and Primary Scales of Intelligence, Fourth Edition (WPPSI-IV; Wechsler, 2012) and 

the Raven’s Colored Progressive Matrices (RCPM; Raven et al., 1998). Results showed that the 

typically developing children performed higher on the WPPSI-IV compared to the children with 

Autism; however, there was no difference in the groups’ scores on the RCPM (Courchesne et al., 

2019). This indicates individuals with Autism may show deficits in their verbal cognitive 

abilities on tests that have a language demand, but their performance abilities may be unaffected.  

Methods of Assessing Nonverbal Intelligence. There are a wide array of nonverbal intelligence 

tests that can be administered, but selection of which test is most appropriate is complicated by 

varying psychometric properties, language demands (e.g., verbal directions, pantomime 

instructions, or pictoral directions), and what the purpose of administering the assessment is 
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(e.g., referral question, special education placement, recommendations, etc.) (DeThorne & 

Schaefer, 2004; Naglieri & Otero, 2011). A neuropsychologist needs to determine which test 

their patient would be able to complete and would give them the most information to inform 

diagnoses, interventions, and recommendations.  

The Wechsler Nonverbal Scale of Ability (WNV; Wechsler & Naglieri, 2006) is a stand-

alone nonverbal intelligence test. It was created for children and adults between the ages of four 

years and 21 years 11 months who have communication and/or English language difficulties 

(Massa & Rivera, 2009). The standardization sample was made up of 2,225 individuals from the 

United States and Canada (Massa & Rivera, 2009). The WNV uses four subtests to generate an 

estimate of nonverbal intelligence that involves a combination of pictoral directions, gestures, 

and verbal directions (Massa & Rivera, 2009). This allows for the patient to have ample 

opportunity to understand the directions and provide answers.  

  Not all nonverbal intelligence tests are comprised of multiple subtests. The Naglieri 

Nonverbal Ability Test, Third Edition (NNAT-3; Naglieri, 2016) is another measure of nonverbal 

cognitive abilities that derives a score using an analogous reasoning task (Naglieri, 2018). The 

NNAT-3 can be administered to children aged four-years to 17 years 11 months; however, it 

should only be administered to four-years-olds who are thought to be high-ability due to the 

difficulty of the tasks (Naglieri, 2018). This test has two uses: to obtain a measure of general 

abilities for those with language restrictions and to identify students who may have advanced 

scholastic achievement (Naglieri, 2018). The NNAT-3 is administered in a group setting where 

the directions are mainly pictoral and it takes approximately 30 minutes to administer all 48 

items (Naglieri, 2018). If a clinician needed to work within a limited time frame to assess 
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someone or they need to assess many patient's’ nonverbal cognitive abilities at once, this test 

would be a possible choice.  

 Although many nonverbal intelligence tests use pictorial direction and can be 

administered in groups, there are not many that are normed in multiple languages for those who 

do not speak English. The Comprehensive Test of Nonverbal Intelligence, Second Edition 

(CTONI-2; Hammill, Pearson, & Wiederhold, 2009) is a nonverbal test that can be administered 

to children and adults aged six-years to 89 years 11 months (Delen, Kaya, & Ritter, 2012). The 

instructions for it can be provided in English, Spanish, Chinese, or French (Delen, Kaya, & 

Ritter, 2012). Administration time ranges from 40 to 60 minutes (Delen, Kaya, & Ritter, 2012). 

The CTONI-2 was created to minimize the influence of language skills on intelligence test scores 

by having the option for pictoral directions, which can be seen as a strength of the test (Delen, 

Kaya, & Ritter, 2012). A weakness of the CTONI-2 involves not accounting for the patients’ 

processing speed due to all six subtests not being timed (Delen, Kaya, & Ritter, 2012). The 

CTONI-2 measures three types of cognitive abilities, including analogical thinking, categorical 

formulation, and sequential reasoning, which can be used to help understand what a patient’s 

strengths and weaknesses are instead of just their overall nonverbal IQ score (Delen, Kaya, & 

Ritter, 2012).  

A more recent nonverbal test, that assesses not only overall nonverbal intelligence, but 

also memory, fluid reasoning, and quantitative reasoning is the Universal Nonverbal Intelligence 

Test, Second Edition (UNIT-2; Bracken & McCallum, 2016a; Bracken & McCallum, 2016b). 

The UNIT-2 can be administered to individuals aged five-years to 21 years 11 months and does 

not involve oral directions or responses by the examiner and examinee (Bracken & McCallum, 

2016b). This allows for individuals with diverse cultural or language backgrounds, hearing 
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impairments, etc. to have their nonverbal intelligence measured (Bracken & McCallum, 2016b). 

It was also created for individuals with color-vision deficiencies since many intelligence tests 

require patients to point to specific items based on their color (Bracken & McCallum, 2016b). 

Administration occurs through the use of eight gestures sequenced in a standardized format 

(Bracken & McCallum, 2016b). The test administration length varies depending on what domain 

the examiner is assessing for. The abbreviated version takes approximately 10-15 minutes, the 

standard battery takes 30 minutes, and the extended battery takes 45 to 60 minutes (Bracken & 

McCallum, 2016b). Depending on what version the examiner administers, there are seven total 

composites that can be derived. These include Memory, Reasoning, Quantitative, Abbreviated 

Battery, Standard Battery with Memory, Standard Battery without Memory, and the Full-Scale 

Battery (Bracken & McCallum, 2016b). 

While the UNIT-2 can be used with individuals with various deficits, its age range is 

somewhat limited. The Leiter International Performance Scale, Third Edition (Leiter-3; Roid, 

Miller, Pomplun, & Koch, 2013b) is a nonverbal intelligence test that can be administered to a 

wider age range of patients (three years to 75+ years) without the use of spoken language. This 

means that children, adolescents, and adults are tested using pantomime gestures to indicate 

directions and it involves the use of pictures, symbols, and manipulatives to solve problems. The 

Leiter-3 was also created so patients do not need to be able to read or write to complete the 

subtests (Drevon, Knight, & Bradley-Johnson, 2017). The cognitive functions assessed in the 

Leiter-3 include nonverbal intelligence, as well as nonverbal memory, attention, and processing 

speed (Roid, Miller, Pomplun, & Koch, 2013a). The Leiter-3 was created to allow clinicians to 

assess patients for cognitive impairments, attention deficit/hyperactivity disorder, hearing 

impairments, traumatic brain injuries, etc. to and gain insight into their cognitive abilities without 
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a language component (Roid, Miller, Pomplun, & Koch, 2013a). Being able to assess patients 

with these deficits may increase the number of individuals that are able to be identified as having 

lower cognitive functioning, as well as higher cognitive abilities compared to tests that are less 

appropriate to use for specific clinical populations. Although the Leiter-3 has many strengths, 

Drevon and colleagues (2017) reported the Leiter-3 has a small standardization sample that is 

separated into age bands. This means that when comparing a patient to the standardization 

sample, they are only being compared to less than 100 individuals.  

Neuroanatomical Underpinnings of Nonverbal Intelligence.  It is important to consider the 

neuroanatomical underpinnings of nonverbal intelligence because it can aid in clinicians being 

able to correctly differentially diagnose patients. There is a dearth in the literature regarding 

nonverbal intelligence and neuroimaging; however, some has found that the parietal and frontal 

lobes play a major role (Langeslag et al., 2013). Although the parietal and frontal lobes can be 

thought of as the primary areas that are associated with nonverbal intelligence, the cerebellum 

also has been implicated (Posthuma et al., 2003; Ramsden et al., 2011). 

 Parietal and Frontal Lobes. The parietal and frontal lobes are located in different areas 

of the brain yet have important connections. The frontal lobe is composed of Brodmann areas 4, 

6, 8, 9, 10, 11, 44, and 45. The parietal lobe is composed of Brodmann areas 1, 2, 3, 5, 7 39, and 

40. Functional neuroimaging studies have found that the parietal and frontal lobes are important 

contributors to an individual’s performance on intelligence tests (Jung & Haier, 2007). These 

functional neuroimaging studies were likely capturing the role of the parieto-frontal integration 

theory, which suggests that “higher intelligence is associated with faster and more accurate 

information transfer between parietal and frontal brain regions” (Langeslag et al., 2013, p. 3299). 

Through the use of resting state fMRI scans and administration of the Snijders-Oomen Niet-
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verbale Intelligentie Test – Revisie (Tellegen et al., 2005), it was found that nonverbal 

intelligence in a sample of 115 children was positively associated with functional connectivity of 

the right parietal region and right frontal region of the brain (Langeslag et al., 2013). There was 

also a positive correlation between nonverbal intelligence and the right parietal and dorsal 

anterior cingulate cortex (Langeslag et al., 2013). This was expected due to the dorsal anterior 

cingulate cortex being associated with higher order cognitive control processes in previous 

literature (Changjun et al., 2018). Langeslag and colleagues (2013) suggest that the areas of the 

brain that have typically been noted to house cognition and cognitive control, such as the dorsal 

anterior cingulate cortex, also may become activated when completing nonverbal intelligence 

tests.  

Even though the right hemisphere has been associated with nonverbal intelligence, 

gender and which test is used still plays a role in neuroimaging findings. An fMRI study looked 

at 172 right-handed children to assess the brain activation of intelligence (Ansano et al., 2014). 

Participants completed the Wechsler Intelligence Scale for Children, Third Edition (WISC-III; 

Wechsler, 1991) and a visual delayed match-to-sample task where they had to remember a 

sample figure for one second and then pick the sample figure from two figures (Ansano et al., 

2014). A positive correlation was found in all children between the activation of the right 

temporoparietal junction during the visual delayed match-to-sample task and the perceptual 

organization index on the WISC-III (Ansano et al., 2014). Statistical analyses found that there 

was a gender difference between brain activation and the children’s nonverbal cognitive abilities 

(Ansano et al., 2014). It appeared that the right temporoparietal junction plays a greater role in 

the activation of nonverbal cognitive abilities in males compared to females (Ansano et al., 

2014). This suggests that females may be using different cognitive strategies compared to males, 
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which could activate different areas of the brain (Ansano et al., 2014). One hypothesis is that 

young females might be using more interhemispheric connectivity compared to males when 

completing nonverbal tasks.  

 Cerebellum. The cerebellum, located superior to the brainstem, has traditionally been 

associated with gait, motor adaptation, postural control, balance, coordination, and the planning, 

stability, and initiation of motor movements (Blumenfeld, 2018; Fernandez et al., 2017; Foerster 

et al., 2017). It has also been found to be involved with other functions, including nonverbal 

intelligence, just not as much as the right parietal and frontal lobes in the literature. In one study, 

a sample of 33 neurotypical adolescents were assessed using the WISC-III and the Wechsler 

Adult Intelligence Scale, Third Edition (WAIS-III; Wechsler, 1997) across two time periods 

(Ramsden et al., 2011). Structural imaging changes from adolescence to adulthood showed PIQ 

changes over time were positively correlated with grey matter density found in the anterior 

cerebellum, which has been found to be associated with the motor movements of the hand 

(Ramsden et al., 2011). These findings are consistent with previous research that intelligence is 

in part dependent on sensorimotor skills, such as motor movements of the hands (Ramsden et al., 

2011; Rosenbaum, Carlson, & Gilmore, 2001). Research on the relationship between motor skills 

and nonverbal intelligence is necessary because to complete many nonverbal tasks, one must 

move manipulatives and/or point at pictures to answer questions, which involves the movement 

of hands.  

Cerebellar volume has also been associated with specific cognitive tasks and not just 

overall nonverbal intelligence. Posthuma and colleagues (2003) assessed 688 individuals ranging 

from young adults to older adults. They each received an MRI, as well as testing using the Dutch 

translated WAIS-III (Kessels & Wingbermuhle, 2001) to determine if brain volumes within the 
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cerebellum were associated with the Verbal Comprehension, Perceptual Organization, Working 

Memory, and Processing Speed composites on the WAIS-III (Posthuma et al., 2003). Results 

showed that the Perceptual Organization composite on the Dutch WAIS-III was correlated to 

cerebellar volume and gray matter volume (Posthuma et al., 2003). As cerebellar and gray matter 

volumes increased, so did their scores on the Perceptual Organization composite (r = 0.18 and r 

= 0.20 respectively). Results also showed that the Working Memory composite was the only 

other composite to correlate with cerebellar volume (Posthuma et al., 2003). This could indicate 

that verbal comprehension and processing speed abilities are less influenced by the cerebellum 

compared to the Perceptual Organization and Working Memory composites.  

 Other Neuroanatomical Correlates of Nonverbal Intelligence. Not only do different 

areas of the brain, such as the parietal lobe, frontal lobe, and cerebellum, play a role in nonverbal 

intelligence, but overall gray matter volume has been associated with nonverbal intelligence 

(Jung & Haier, 2007). According to Wallace and colleagues (2010), performance on the Block 

Design subtest of the WIS showed genetic correlations with overall gray matter viewed on 

imaging in a sample of 649 typically developing individuals. A meta-analysis by McDaniel 

(2005) noted there is a small relationship between intelligence, as measured by full scale IQs or 

the Raven’s Progressive Matrices Test (Raven, 1976) and overall brain volume. He found there 

was an average correlation of 0.33 between intelligence and the total brain volume of the 440 

children and 1090 adults assessed (McDaniel, 2005).  

It is important for researchers to note the breakdown of participants’ sex due to 

differences seen in brain activation when completing nonverbal tasks. Studies completed in the 

mid-1980s and early 1990s found that there are differences in the brain lateralization of 

individual’s VIQ and PIQ based on their sex (Inglis & Lawson, 1982; Sundet, 1986; Turkheimer, 
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Farace, Yeo, & Bigler, 1992; Willerman, Schultz, Rutledge, & Bigler, 1992). This means that if 

a male were to sustain brain damage in his left hemisphere, there may be a decrease in verbal IQ, 

but not in PIQ, while in females there could be a decrease in both VIQ and PIQ. This may not be 

true for all males and females though.   

When not accounting for differences attributable to sex, PIQ, as measured by the WAIS-

III, was found to involve not only the right parietal, but the occipital lobe (Brodmann’s areas 17, 

18, and 19) and superior temporal regions of the brain using voxel-based lesion-symptom 

mapping in 241 individuals (Gläscher et al., 2009). Gläscher and colleagues (2009) also 

evaluated at the relationship between the Perceptual Organization Index (POI) and activation of 

different brain regions. The POI involves tasks that do not require the patient to use expressive 

language and are considered to be nonverbal for the examinee (Picture Completion, Block 

Design, and Matrix Reasoning). Through lesion mapping, the POI was found to involve the use 

of the supramarginal gyrus, posterior part of the superior temporal sulcus, and the posterior 

inferior frontal gyrus (Gläscher et al., 2009). This means that these areas of the brain were 

activated when completing more nonverbal tasks, which indicates that during some nonverbal 

tasks, language areas of the brain may be used even though it might not appear so.  

Expressive and Receptive Language 

The History of Expressive and Receptive Language. The use of language (expressive and 

receptive) is vital to activities of daily living, but its development is complex. To grasp the 

complexities of language, the history of how language lateralization and various language 

abilities (expressive versus receptive) came about is helpful in understanding where the field is 

currently. To begin using expressive and receptive language, one must first acquire phonological 

processing, and then a large array of words that will aid in learning grammar and increase 



NONVERBAL IQ, LANGUAGE, EF  38 

 

 
 

knowledge of links between word forms and their meanings (Friederici, 2006; Vihman, 2017). 

After obtaining words one must then store them into long-term memory, memorize rules on how 

to combine words to create phrases and sentences, and then speak those sentences out loud 

(Wiig, 2011). Language requires adequate working memory “. . . for interpreting and producing 

language within a real-time frame” (Wiig, 2011, p. 699). One must also have adequate 

processing speed to effectively use language, otherwise specific language impairments and other 

language disorders may arise (Wiig, 2011).  

One way to assess for these disorders is by using the Wernicke-Lichteheim model 

(Lichteheim, 1885), which was the first model to relate psychological functions, such as 

language, to brain neuroanatomy (Graves, 1997). Luis Lichtheim, in 1885, created the Wernicke-

Lichtheim model through publishing a paper to discuss the “standard neuropsychological model” 

(Graves, 1997). Dr. Lichtheim described how damage to certain parts of the brain will result in 

classical aphasia syndromes, such as Broca’s aphasia (Graves, 1997). An aphasia is when you 

lose language skills you had previously learned (Wiig, 2011). Lichtheim proposed that the 

posterior region of the temporal lobe was involved in understanding language (receptive), while 

the anterior region of the temporal lobe was involved in speaking (expressive) (Lichtheim, 

1885). Once the pathway for language functioning was determined, Lichtheim used the model to 

interpret syndromes and determine where along the pathway something went wrong to manifest 

the symptoms that were present (Graves, 1997).  

A more recent model that is used to assess language disorders is the dual stream model 

(Hickok & Poeppel, 2004). Unlike the Wernicke-Lichtheim model, which associates aphasias 

with specific brain locations, the dual stream model emphasizes connections between multiple 

cortical regions to explain how aphasias result in symptomology (Fridriksson et al., 2018). In this 
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model, there is a dorsal and a ventral stream. The dorsal stream involves connections from “. . . 

the posterior temporal lobe of the left hemisphere through inferior parietal areas into the left 

inferior frontal gyrus, also including premotor areas” (Specht, 2013, p. 1). The ventral stream is 

said “. . . to originate in the upper posterior part of the temporal lobe and to extend toward the 

anterior part of the temporal lobe, where it also connects to the ventral part of the inferior frontal 

gyrus through the uncinate fasciculus and extreme capsule” (Specht, 2013, p. 1). The dorsal 

stream involves helping a person speak fluently, while the ventral stream deals with auditory 

comprehension (Fridriksson et al., 2018). This means that the dorsal stream is implicated in 

expressive language skills and the ventral stream is implicated in more receptive language skills. 

Using this model, one can determine in which stream damage has occurred to aid in diagnoses 

and treatment plans.  

 There are many different kinds of language disorders that can arise throughout life other 

than aphasias, so the dual stream and Wernicke-Lichteheim models are not always appropriate to 

use. Other language disorders include specific language impairment, verbal auditory agnosia, 

dysnomia, speech sound disorder, childhood-onset fluency disorder, social pragmatic 

communication disorder, and language disorder. All of these disorders can adversely affect an 

individual’s ability to communicate with others effectively and hinder their ability to complete 

activities of daily living.  

Not only do these different language disorders affect a person’s life, but they can also be 

a risk factor for future psychological problems. A review of literature by Leonard and colleagues 

(2008) noted that early language difficulties are a risk factor for a later diagnosis of 

schizophrenia. This suggests that language deficits can also be soft signs associated with 

psychological disorders. For example, disruptions in expressive and receptive language can be 



NONVERBAL IQ, LANGUAGE, EF  40 

 

 
 

seen in individuals with ASD. A meta-analysis by Kwok and colleagues (2015) stated that 

children and adolescents with ASD were shown to have expressive and receptive language skills 

ranging from profoundly impaired to average when compared to typically developing controls. 

This suggests the severity of ASD may play a role in the severity of language deficits. Kwok and 

colleagues (2015) also noted that the earlier the diagnosis of ASD, the more severe the 

expressive and receptive language deficits; however, there was not a difference between 

expressive and receptive language skills. This means that someone with ASD, Level 3 may have 

severe expressive and receptive language deficits.  

Knowing the pattern of deficits, such as language impairments, seen in different disorders 

can aid in differential diagnosis, as well as help families understand the impact language deficits 

alone can have on a patient’s future. For example, research has shown that early language skills 

have been correlated with later academic achievement (Pungello et al., 2009). In a study 

conducted by Pungello and colleagues (2009), 146 families from different socioeconomic 

statuses, races, and who had different parenting behaviors were assessed to see how these factors 

impacted their children’s language development. It was found that “socioeconomic status, race, 

maternal sensitivity, and negative intrusiveness were predictors of language outcomes in young 

children” (Pungello et al., 2009). More specifically, it was determined that children living in 

lower socioeconomic families had a slower rate of expressive language growth when compared 

to children from higher socioeconomic statues (Pungello et al., 2009). This has been previously 

shown in the literature by Mistry and colleagues (2004), who found that perception of financial 

availability was directly related to a decrease in positive mother-child interactions, which 

affected the child’s language development. Having a slower language development could result 



NONVERBAL IQ, LANGUAGE, EF  41 

 

 
 

in lower academic achievement later in life (Einarsdóttir, Björnsdóttir, & Símonardóttir, 2016), 

which may affect what type of job someone is able to obtain after high school or college.  

It is important to not only note that socioeconomic status can have a lasting impact on 

language skills and future life outcomes, but race can as well. Pungello and colleagues (2009) 

reported differences in language skills based on race in a sample of 206 families. They noted that 

African American children scored lower than European American children on receptive language 

tasks, as well as had a slower rate of initial growth of expressive language skills (Pungello et al., 

2009). To compensate for the slower rate of initial growth, it appeared that African American 

children had a faster acceleration rate of expressive communication compared to European 

American children (Pungello et al., 2009). These findings could be due to cultural, 

socioeconomic status, maternal level of education, etc. differences. This points to the fact that 

one must interpret language assessments based on the individual characteristics of the 

participants and not consider results as a whole.  

Methods of Assessing Expressive and Receptive Language. The use of language is vital for 

communication with others. This is why it is important to have neuropsychological assessments 

that measure many aspects of language. Using assessments that measure different aspects of 

language, such as receptive and expressive skills, can aid neuropsychologists in differential 

diagnoses, as well as provide more insight into what accommodations, interventions, and 

recommendations would be most appropriate based on their strengths and weaknesses. Receptive 

and expressive language are different functions and have different neuroanatomical 

underpinnings. Some tests measure both receptive and expressive language and some measure 

just one. The following section will discuss various language measures that assess both receptive 

and expressive language, expressive language alone, and receptive language alone.  
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 There is a plethora of language assessments that can be used when assessing individuals. 

One of these assessments is the Clinical Evaluation of Language Fundamentals, Fifth Edition 

(CELF-5; Wiig, Semel, & Secord, 2013). The CELF-5 is a test used to assess the language and 

communication skills of individuals aged five-years to 21-years (Coret & McCrimmon, 2015). It 

was created to aid psychologists and professionals in the schools to identify strengths and 

weaknesses related to language, determine if students should be found eligible for special 

education services, provide strategies to be used for interventions, measure those interventions 

efficacy, and assess oral language, written language, and nonverbal communication skills (Coret 

& McCrimmon, 2015). The core battery (12 subtests) can be administered in approximately 30 to 

45 minutes, while the full battery (16 subtests) may take approximately 90 to 120 minutes to 

administer (Coret & McCrimmon, 2015).  

 A slightly quicker to administer assessment of language is the Comprehensive 

Assessment of Spoken Language – Second Edition (CASL-2; Carrow-Woolfolk, 2017). The 

CASL-2 can be administered in approximately 30 to 60 minutes to derive the General Language 

Ability Index; however, there are 14 subtests in all (Rehfeld & Padgett, 2018). It was created to 

assess only receptive and expressive language skills for those aged three-years to 21-years 

(Rehfeld & Padgett, 2018). One strength of the CASL-2 that many other language-based 

assessments do not have is that the examiner can choose individual subtests to administer based 

on the referral concern instead of administering the entire battery to obtain the information they 

need (Rehfeld & Padgett, 2018). This means if the referral concern is for expressive language, 

then those subtests that measure receptive language skills may not be administered.  

Some language tests were not created for the sole use of determining strengths and 

weaknesses. Instead, they were created to only aid in differential diagnosis. The Western Aphasia 
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Battery - Revised (WAB-R; Kertesz, 2006) is an assessment used to determine if a person has an 

aphasia, what type of aphasia, and what the severity of it is (Kertesz, 2007). It can also be used 

as a baseline and progress monitoring tool for language changes over time, a comprehensive 

assessment of someone’s language strengths and weaknesses, and aids in determining a possible 

lesion site that could be causing the aphasia (Kertesz, 2007). The standardization sample for the 

WAB-R was formulated from the original Western Aphasia Battery (WAB; Kertesz, 1982), 

which consisted of 150 people with aphasia and 59 controls (Kertesz, 2007). The target 

population for the WAB-R includes adults and children who speak English and have a, or are 

suspected of having a neurological disorder (Kertesz, 2007). The WAB-R takes approximately 

15 and 60 minutes to administer, depending on what sections are chosen and how severe the 

aphasia symptoms are (Kertesz, 2007).  

There are other language tests that were only created with the idea that they would be 

used in the schools with children and not to aid in differential diagnosis of specific language 

disorders. The Oral and Written Language Scales – Second Edition (OWLS-II; Carrow-

Woolfolk, 2011a) is a test used to identify the strengths and weaknesses of a person’s language 

skills, as well as to help guide eligibility for services and intervention planning in the schools 

(Carrow-Woolfolk, 2011b). It is comprised of four scales: listening comprehension, oral 

expression, reading comprehension, and written expression (Carrow-Woolfolk, 2011b). It has 

parallel forms that can be utilized for each of the four scales (Carrow-Woolfolk, 2011b). It can 

be administered to individuals between the ages of three-years and 21-years, which spans the 

typical ages seen in the schools (Carrow-Woolfolk, 2011b).  

More recently, language tests, such as the Peabody Picture Vocabulary Test – Fifth 

Edition (PPVT-5; Dunn, 2019a), have been created to measure receptive language abilities. The 
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PPVT-5 is the most updated version of the Peabody Picture Vocabulary Test (PPVT; Dunn, 

1959) and it measures “receptive vocabulary knowledge of various parts of speech (i.e., nouns, 

verbs, and attributes)” (Dunn, 2019b, p.1). The PPVT-5 can also be used to measure word 

knowledge, understanding patient’s reading difficulties, for special education re-evaluations in 

the schools, for research purposes, and for evaluating the acquisition of English words for 

English language learners (Dunn, 2019b). The standardization sample consisted of 2,720 

individuals between the ages of two-years and six-months and 90+ years, meaning it can be 

given to toddlers and geriatric patients (Dunn, 2019b). The PPVT-5 has many applications, such 

as being used as a screening tool for receptive language disorders, to measure preschool 

children’s vocabulary acquisition, because vocabulary acquisition has been shown to be an 

indicator of a child’s cognitive development, readiness for schooling, and overall linguistic 

development (Dunn, 2019b). The PPVT-5 has some revisions from the Peabody Picture 

Vocabulary Test, Fourth Edition (PPVT-4; Dunn & Dunn, 2007). These include an updated 

normative sample that was reflective of the U.S. Census Bureau in 2017, updated stimulus art, 

and an expanded item analysis framework (Dunn, 2019b).  

The Expressive Vocabulary Test – Third Edition (EVT-3; Williams, 2019a) is a part of 

the same battery as the PPVT-5 and measures expressive language. The EVT-3 was normed 

between December 2017 and June 2018 and contains a normative sample of 2,720 individuals 

aged two-years and six-months to 90+ years (Williams, 2019b). The EVT-3 assesses the 

expressive vocabulary and word retrieval of both children and adults (Williams, 2019b). It has 

many applications that are similar to the PPVT-5, which include being used as a screening tool 

for expressive language disorders, measuring preschool children’s vocabulary acquisition, 

measuring word retrieval, understanding reading difficulties, special education testing for re-
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evaluations in the schools, for research purposes, and for evaluating the acquisition of English 

words for those who do not have English as their dominant language (Williams, 2019b). The 

EVT-3 revisions are parallel to those of the PPVT-5.  

Neuroanatomical Underpinnings of Expressive and Receptive Language. Due to language 

being composed of many facets, the neuroanatomical correlates in this section will be in regard 

to expressive and receptive language abilities. Typically, language is thought to be housed in the 

frontal and temporal regions of the brain; however, other areas of the brain, have been shown to 

be associated with various language skills (Mesulam, M.M., 1990; Kadis et al., 2011). Some of 

these brain regions include the parietal lobe, right hemisphere, cerebellum, and subcortex (Ha, 

Pyun, Hwang, & Sim, 2012; Mestres-Missé et al., 2008; Murdoch, 2010; Towle et al., 2008).   

 Frontal Lobe. In 1861, Paul Broca wrote an article describing a patient named Leborgne 

who could only utter the word “tan.” In the beginning, Broca noted Leborgne had no other 

atypical neurological presentations; however, right-sided hemiparesis and paralysis, as well as 

declines in vision were noted over the years (1861). Leborgne’s autopsy revealed that the 

damage to his brain was located “at the level of the Sylvian fissure; it consequently lies between 

the frontal lobe and the temporal-sphenoïdal lobe” (Broca, 1861/2000, p. 341). Due to this, it was 

determined that expressive language is housed in the frontal lobe.  

In 1959, Penfield and Roberts noted that Broca’s area, which houses expressive language, 

is located in the inferior frontal gyrus. Further research has been done since then on the location 

of other language skills that reside in the frontal lobes. For example, Buckner (2003) found that 

there was frontal activation during word retrieval and sentence retrieval tasks. More current 

research has looked at specific regions within the frontal lobe. Tate and colleagues (2014) 

conducted a study with 165 adult patients who had low grade gliomas and underwent resection 



NONVERBAL IQ, LANGUAGE, EF  46 

 

 
 

and direct cortical stimulation to map what areas of the brain were active when completing 

specific language-based tasks. They found that articulation involves the use of the pre/post 

central gyri (Tate et al., 2014). This indicates that to articulate words, one must use motor and 

sensory systems. Further findings by Tate and colleagues (2014) included speech arrest (i.e., an 

ictal symptom where one is unable to speak) localizing in the ventral premotor cortex and 

anomia/paraphasia localizing in Wernicke’s area and the middle and inferior frontal gyri. This 

indicates that when there is damage to the frontal lobe, a patient may find it difficult to speak 

coherent sentences or speak at all.  

 Research on language localization has not only been successful in analyzing typically 

developing individuals and those who have had surgeries, but also those with conditions such as 

epilepsy. For example, Towle and colleagues (2008) conducted a study using 

electrocorticographic spectral patterns with twelve right-handed patients with epilepsy while they 

completed various language tasks. The patients had between 52 and 157 subdural electrodes 

implanted in their frontal, temporal, and parietal lobes to determine where different areas of 

language were housed (Towle et al., 2008). It was found that when a patient had to repeat words, 

there was activation in not only the Perisylvian frontal area, but also the parietal cortex (Towle et 

al., 2008). This means that repeating words was associated with Broca’s area and “. . . the 

sensory/motor mouth area” (Towle et al., 2008, p. 2022). Towle and colleagues (2008) also 

noted that when the patients were engaging in interpersonal conversations and not just repeating 

words presented to them, more of the motor cortex and anterior frontal lobe were activated, 

indicating they needed to use more executive functions when conversing with others compared 

to completing a simple expressive language task.  
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 Temporal Lobe. The temporal lobe, defined by Brodmann areas 21, 22, 37, 41, and 42, is 

the location of most language functions, thus there are many studies looking at the different 

language abilities associated with it. In one study done by Tranel and colleagues (2005), 

structural magnetic resonance scanning was used on ten right-handed adults to localize 

categorical naming. It was found that categorical naming from visual and auditory stimuli 

activated the left inferior temporal cortices (Tranel et al., 2005). Although this research shows 

promising results, direct cortical stimulation is still the gold-standard for determining the 

localization of different cognitive functions (Mandonnet, Winkler, & Duffau, 2010).  

 Towle and colleagues (2008) used direct cortical stimulation on patients with epilepsy 

and found not only that the frontal lobe was associated with specific language skills, but that the 

temporal lobe was activated as well. They reported that simply hearing tones activated the 

primary auditory cortex, which is located in the posterior superior temporal gyrus (Towle et al., 

2008). This means that even the simplest sounds may need to be processed through the temporal 

lobe.  

If direct cortical stimulation is not used, some researchers will use multiple imaging 

methods to assess where language skills are localized. In a study done by Youssofzadeh, 

Williamson, and Kadis (2017), 15 typically developing young children and 14 adolescents 

underwent MEG, MRI, fMRI, and diffusion imaging while completing a verb generation task. 

They found that the left inferior frontal and posterior temporal regions were consistent with 

expressive language tasks and there was prominent connectivity seen between the left 

Perisylvian area and left prefrontal regions, specifically the anterior inferior frontal gyrus region 

(Youssofzadeh, Williamson, & Kadis, 2017). This means that to complete an expressive 

language task, one may need to first understand the instructions, which is one reason the 
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posterior temporal regions (Wernicke’s area) were activated, and then give answers verbally, 

which is one reason the inferior frontal regions (Broca’s area) were activated. Similar findings 

were discovered by de Pesters and colleagues (2016) when looking at three participants with 

low-grade gliomas in their left frontal lobe. It was found that all three participants showed 

activation in the inferior frontal cortex, superior temporal gyrus, and Perisylvian area, as well as 

activation in the premotor and supplementary motor areas in two participants while listening to 

four short stories (de Pesters et al., 2016).  

 Cerebellum. The cerebellum has been shown to play a more prominent role than 

previously thought in language abilities. In a review done by Murdoch (2010), he noted that the 

cerebellum has been implicated in “modulating non-motor language” (p. 859). Two other 

reviews on the cerebellum noted it is implicated in verbal fluency (phonemic and semantic) and 

word retrieval skills (Highnam & Bleile, 2011; Starowicz-Filip et al., 2017). Starowicz-Filip and 

colleagues (2017) further indicated that the cerebellum has been found to play a vital role in 

grammar processing for both expressive and receptive language and the ability to recognize and 

then correct language mistakes made by others. 

 Although the cerebellum is being researched more often in regard to its association with 

language abilities, there is still controversy in the literature. One controversy that is present today 

due to the research on language deficits involves the term “cerebellar aphasia.” This term came 

about through studies on individuals and groups who had damage only to their cerebellum, 

which resulted in language deficits (Starowicz-Filip et al., 2017). For example, in 1996, Mariën 

and colleagues (2001) reviewed a case of a 73-year-old patient with only right cerebellar damage 

who displayed deficits in spontaneous speech, initiation of utterances, use of fragmented 

sentences, difficulty with word generation, as well as deficits in reading and writing. This 
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evidence of cerebellar damage resulting in language deficits resulted in Mariën coming up with 

the hypothesis of the “lateralized linguistic cerebellum” (Mariën et al., 2001). Youssofzadeh and 

colleagues (2017), saw similar results in a group of children and adolescents assessed using 

various neuroimaging methods. They found that the right cerebellum was associated with 

expressive language skills, specifically when generating verbs (Youssofzadeh, Williams, & 

Kadis, 2017).  

 Other Neuroanatomical Correlates of Expressive and Receptive Language . Although 

the frontal lobe, temporal lobe, and cerebellum have been highly researched and implicated in 

language functions, the parietal lobe, more specifically Brodmann’s area 22, has also been found 

to be activated during receptive language tasks (Towle et al., 2008). The subcortex has also been 

analyzed, just less extensively. The subcortex has been shown to become activated during 

expressive language tasks compared to receptive language tasks. Youssofzadeh and colleagues 

(2017) found that the putamen and globus pallidus were activated during expressive language 

tasks, indicating that both cortical and subcortical areas may be needed for expressive language 

skills. Neuroimaging studies on both the cortical and subcortical activation during expressive and 

receptive language tasks are present in the literature, so it is important to extensively review the 

cortical and subcortical areas of the brain. 

Expressive and receptive language functions have been shown to not only activate 

various brain regions, but also specific hemispheres. It has been shown that the left hemisphere is 

mainly associated with language functions in individuals; however, language deficits can be seen 

due to damage in the right hemisphere. Crossed aphasia in dextrals is an aphasia that occurs in a 

right-handed individual due to only a right cerebral lesion (Ha, Pyun, Hwang, & Sim, 2012). 

This means that it is possible for someone to have right hemisphere damage and observe 
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expressive and receptive language deficits, but it is more common to see this pattern in patients 

with left hemisphere damage.  

Executive Functions 

The History of Executive Functions. The history of executive functions is essential to discuss 

in this section because it explains the complexity of differentiating the varying abilities, as well 

as what constitutes an executive function. Executive functioning can be thought of as an 

umbrella term that encompasses a set of cognitive abilities that are measured by stand-alone tests 

(Goldstein, Naglieri, Princiotta, & Otero, 2014). Due to this, there is not one definition that has 

been adopted to encompass all of the abilities under the concept of executive functioning. One 

definition that has been cited in the literature is: “. . . [they] act in a coordinated way. . . and are 

responsible for a person’s ability to engage in purposeful, organized, strategic, self-regulated, 

goal-directed processing of perceptions, emotions, thoughts, and actions” (McCloskey, Perkins, 

& Van Divner, 2009, p. 15). Because there is not one definition used by all researchers, it is 

important to look back at the history of executive functions and what all this term incorporates.  

Over the years, there have been many models of executive functioning that have tried to 

parse out the components it encompasses. Luria’s theory is known as one of the first executive 

function models. According to Luria (1996; 1973), the brain is made up of three functional units 

that are linked. The third functional unit involves the frontal lobes and is described as housing 

“programming, regulating, and verifying human behavior” (Chan, Shum, Toulopoulou, & Chen, 

2008). This is where researchers believe executive functions are primarily housed. This was not 

the last model to aid in understanding the concept of executive functions. Toward the mid-1980’s 

Norman and Shallice came up with the control-to-action model, which separated the third 

functional unit proposed by Luria into two separate mechanisms. The first mechanism was called 
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contention scheduling and it involved automatic actions occurring during routine states (Andrès 

& Linden, 2000). The second mechanism was called the supervisory attentional system and it 

involved controlling one’s actions with the use of planning while in novel situations (Andrès & 

Linden, 2000). Although these models are helpful in understanding executive functions as a 

whole, it is also important to parse out which executive function is impaired.  

In the mid- to late-1990’s, researchers began dividing executive functions into “cold” and 

“hot” components and describing their mechanisms more (Chan, Shum, Toulopoulou, & Chen, 

2008). Grafman and Litvan (1999) described “cold” executive functions as those that involve 

“mechanistic planning, verbal reasoning, or problem solving,” while “hot” executive functions 

were described as those that involve “obeying the rules of interpersonal social behavior, the 

experience of reward and punishment, and the interpretation of complex emotions” (p. 1921). 

This allowed for clinicians to better understand the different facets that should be assessed when 

one deficit was found. For example, if there was a deficit in the interpretation of emotions, it 

would be logical to then assess the other hot executive functions to see if there were consistent 

deficits.  

Although this was suitable at the time, Lezak and colleagues (2012b) more recently noted 

that executive functions can be separated into five components for better differentiation: volition, 

planning and decision making, purposive action, self-regulation, and effective performance. 

Volition, in this sense, refers to intentional behavior or being able to form a goal or intention 

(Lezak, Howieson, Bigler, & Tranel, 2012b). If someone has an impairment in volition, they may 

find it hard to think of what they want to do and will not initiate any activities, other than those “. 

. . in response to internal stimuli such as bladder pressure or external stimuli” (Lezak, Howieson, 

Bigler, & Tranel, 2012b, p. 667). When thinking about purposive actions, an individual will have 
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to be able to “. . . initiate, maintain, switch, and stop sequences” in a methodical and integrated 

manner (Lezak, Howieson, Bigler, & Tranel, 2012b, p. 683). For a performance to be effective, 

one must be able to monitor themselves, correct anything they did wrong, and regulate their 

delivery of an action (Lezak, Howieson, Bigler, & Tranel, 2012b). Even though these five 

components were getting closer to parsing out what executive functions entail, it is still 

important to further research on executive functions for the sake of differential diagnosis.  

Deficits in executive functions will affect not only the ability to use strategies to complete 

tasks and engage in self-control, which can be observed, but also things that might be missed by 

the naked eye, such as amergia, or a decrease in motivation, initiation of activities, and planning 

how to solve tasks (Darby & Walsh, 2005; Lezak, Howieson, Bigler, & Tranel, 2012a). This is 

why it is important to assess various types of executive functions when trying to determine a 

person’s strengths and weaknesses, aid in differential diagnosis, and recommend a treatment 

plan.   

Methods of Assessing Executive Functions. Due to executive functions encompassing many 

different cognitive abilities, it is necessary to have both valid and reliable tests of each individual 

construct. There are many measures that can be used to measure executive functions, and they 

are typically interpreted at the subtest level instead of a composite level due to each subtest 

measuring a different underlying construct. By using these tests, neuropsychologists can measure 

each individual ability to aid in differential diagnosis of acquired conditions (e.g., traumatic brain 

injuries) and congenital conditions (e.g., hydrocephalus).  

One such test that is composed of various subtests and measures executive functions is 

the Developmental Neuropsychological Assessment, Second Edition (NEPSY-II; Korkman, Kirk, 

& Kemp, 2007a). This battery was designed to assess children’s neuropsychological functioning 



NONVERBAL IQ, LANGUAGE, EF  53 

 

 
 

between the ages of three-years and 16-years (Korkman, Kirk, & Kemp, 2007b). It consists of 

subtests that look at six different neuropsychological domains: “attention and executive 

functioning, language, memory and learning, sensorimotor, social perception, and visuospatial 

processing” (Korkman, Kirk, & Kemp, 2007b, p. 1). The NEPSY-II is interpreted at a subtest 

level, which adds to its clinical utility. Testing time is dependent on how many subtests are 

administered and the age of the child being assessed.  

 Due to the variability in testing time of the NEPSY-II, the Behavior Rating Inventory of 

Executive Function, Second Edition (BRIEF-2; Gioia, Isquith, Guy, & Kenworthy, 2015a) can be 

a reliable alternative to use in order assess a child’s executive function abilities. The BRIEF-2 is 

a rating form that can be completed by teachers, parents, or the child to assess their behaviors 

that are associated with executive functions at home and school (Gioia, Isquith, Guy, & 

Kenworthy, 2015b). Some of these executive functions include inhibition, self-monitoring, 

cognitive shifting, emotional control, initiation, working memory, planning/organization, task-

monitoring, and organization of materials (Gioia, Isquith, Guy, & Kenworthy, 2015b). The 

BRIEF-2 can be used with children aged five-years to 18-years (Gioia, Isquith, Guy, & 

Kenworthy, 2015b).  

 Although the BRIEF-2 enables an examiner to obtain a quicker picture of the child’s 

executive functions, it still does not allow for testing to be done on adults over the age of 18 

years. One test that is able to be given to a wider age range of patients is the Wisconsin Card 

Sorting Test (WCST; Grant & Berg, 1981). The WCST can be used to assess those aged five-

years to 89 years on their ability to form abstract concepts, engage in set-shifting, and analyze 

feedback and use it to solve future problems (Strauss, Sherman, & Spreen, 2006). It requires 

participants to use abstract problem solving and shift their strategies as the task progresses and 
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changes (Strauss, Sherman, & Spreen, 2006). Administration is between 15 and 30 minutes 

(Strauss, Sherman, & Spreen, 2006). Although the WCST can be administered fairly quickly and 

can be administered to a wide age-band, it does not measure many aspects of executive 

functioning.  

 According to Rabin and colleagues (2016), the Delis-Kaplan Executive Function Systems 

(D-KEFS; Delis, Kaplan, & Kramer, 2001b) is the sixth most frequently used assessment by 

neuropsychologists. The D-KEFS was normed on 1,750 individuals aged eight-years to 89 years 

(Delis, Kaplan, & Kramer, 2001a). It consists of nine subtests that measure different executive 

functions (Delis, Kaplan, & Kramer, 2001a). Three of these subtests include the Trail Making 

Test, Verbal Fluency test, and Color-Word Interference test. The Trail Making Test assesses 

visual cognitive flexibility after assuring the patient does not have an underlying visual scanning, 

number sequencing, letter sequencing, or motor speed deficit (Delis, Kaplan, & Kramer, 2001a). 

The Verbal Fluency test measures an individual’s ability to fluently generate words in a 

“phonemic format” and “categorical format” (Delis, Kaplan, & Kramer, 2001a, p. 55). The 

Color-Word Interference test was created based on the Stroop (1935) procedure and measures an 

individual’s verbal inhibition and verbal cognitive flexibility, while also making sure that deficits 

seen are not due to reading or color identification difficulties (Delis, Kaplan, & Kramer, 2001a). 

These three subtests will be assessed in the proposed study.  

Neuroanatomical Underpinnings of Executive Functions. Executive functions involve 

multiple subcomponents (e.g., planning, inhibition, verbal fluency, mental flexibility, etc.), and 

likewise, multiple areas of the brain control these functions. The main area of the brain thought 

to control executive functions is the prefrontal cortex (Yuan & Raz, 2014), but other areas also 

have been shown to be involved in producing executive functions in healthy adults, such as the 
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cerebellum, subcortex, posterior and fronto-parietal lobe, occipital lobe, and temporal lobe 

(Bettcher et al., 2016; Brass et al., 2005, Duffau, 2012; Friedman & Miyake, 2017). In fact, 

Bettcher and colleagues (2016) discussed how prefrontal grey matter volumes did not 

independently predict certain executive functions. This means that there are other areas of the 

brain that are activated when engaging in various executive function tasks.  

Frontal Lobe. The frontal lobe has been implicated by many as being the central house 

for executive functions. Some even refer to executive functions as “frontal lobe tasks” (Bettcher 

et al., 2016). Within the frontal lobe, there are different locations for different executive 

functions. For example, the dorsolateral prefrontal cortex (dlPFC) and anterior cingulate cortex 

have been associated with metacognitive executive functions, or more cognitive tasks, such as 

reasoning (Ardila, Bernal, & Rosselli, 2018; Jia et al., 2015; Robinson et al., 2014; Stuss, 2011). 

The ventromedial prefrontal cortex (vmPFC) has been associated with emotion/motivation and 

social reasoning (Ardila, 2008; Riva et al., 2013; Robinson et al., 2014; Stuss, 2011). Damage to 

the vmPFC has also been shown to result in behavioral disturbances, including personality 

changes that result in social deficits, disinhibition, and emotional changes (Robinson et al., 

2014). Damage to the dorsomedial prefrontal cortex has been found to result in deficits in 

initiation and sustaining responses (Stuss, 2011). Although this research is vital, these studies 

used various neuroimaging methods instead of direct cortical stimulation.  

Research using direct cortical stimulation to determine which areas of the prefrontal 

cortex are involved with various executive functions is sparse. One study conducted by Nejati 

and colleagues (2018) looked at 24 healthy adult males. They completed tasks involving 

inhibition, planning, problem-solving, attention, set-shifting, risk taking behaviors, anticipating 

rewards, and decision-making during transcranial direct current stimulation (Nejati, Salehinejad, 
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& Nitsche, 2018). The authors found that cold executive functions were controlled by the left-

dlPFC more so than the right orbitofrontal cortex (OFC); however, problem-solving and 

planning was found to also activate the right-OFC to some degree. Hot executive functions, such 

as risk-taking behaviors and decision-making were found to involve both the left-dlPFC and the 

right-OFC to a similar degree.  

Cerebellum. The cerebellum has been implicated in executive function abilities (Riva et 

al., 2013). Rigoli and colleagues (2012) looked at the relationship between motor coordination 

and executive functions in 93 adolescents. The Movement Assessment Battery for Children, 

Second Edition (MACB-2; Henderson, Sugden, & Barnett, 2007) was used to assess motor 

dexterity, aiming and catching, and various components of balance, while the Wechsler 

Intelligence Scale for Children, Fourth Edition (WISC-IV; Wechsler, 2003) and the Inhibition 

subtest from the NEPSY-II were administered to assess various cognitive abilities (Rigoli et al., 

2012). Results showed that children’s total score on the MACB-2 accounted for a portion of the 

variance in inhibition completion time on the NEPSY-II Inhibition subtest (Rigoli et al., 2012). 

This suggests there may be an overlap between executive functions (inhibition) and motor 

coordination, which is typically found to be controlled by the cerebellum (Rigoli et al., 2012).  

A review by O’Halloran and colleagues (2012) noted there were executive function 

deficits associated with spinocerebellar ataxia, including concept formation, abstract reasoning, 

planning and organization, and set-shifting. Deficits in executive functions that appear due to 

cerebellar damage are termed cerebellar cognitive affective syndrome (O’Halloran, Kinsella, & 

Storey, 2012). Cerebellar cognitive affective syndrome can cause impairments in an individual’s 

attention, planning, set-shifting, abstract reasoning, verbal fluency, and working memory (Riva 

et al., 2013; Strick, Dum, & Fiez, 2009). Lesions do not need to be present in the cerebellum for 
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lower scores on executive function measures to arise and for cognitive affective syndrome to be 

diagnosed. Instead, cerebellar brain volume can be assessed to determine if there may be deficits 

in executive functions. Moore and colleagues (2017) conducted a study with 110 participants to 

analyze the relationship between cerebral brain volume and various cognitive abilities. They 

used the National Institute of Health Toolbox Cognition Battery (NIH Toolbox; National 

Institute of Health, 2012) to assess various cognitive abilities, including receptive vocabulary, 

accurate word reading, working memory, set-shifting, and processing speed (Moore et al., 2017). 

Through the use of MRI and voxel-based morphometry, it was found that an increase in 

cerebellar grey matter was associated with higher set-shifting scores (Moore et al., 2017).  

Subcortex. The subcortex has been researched less extensively compared to other areas 

of the brain in regard to its role in executive functions. Although it has not been researched as 

heavily, the subcortex has been shown to have connections with various executive functions. 

According to Bettcher and colleagues (2016), the corpus callosum, as well as areas of cortical 

grey matter, were found to contribute to set-shifting and inhibition functioning in 202 healthy 

individuals. The basal ganglia and its related nuclei have also been implicated in executive 

functions (Lanciego, Luquin, & Obeso, 2012). For example, the basal ganglia have been noted to 

be associated with decision-making related to social and emotional factors, as well as “. . . 

autonomic and interoceptive processing” and inhibition (Guo et al., 2018; Rabinovici, Stephens, 

& Possin, 2015, p. 654). Lastly, the thalamus has been implicated in executive functions, 

including attention, working memory, and processing speed (Fama & Sullivan, 2015). More 

specifically, the medial dorsal thalamic nucleus has been noted to have connections to the 

prefrontal cortex and limbic system and be related to strategic memory retrieval, while the 
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intralaminar/midline thalamic nuclei have been noted to have connections with the parietal lobe 

and be related to attention and processing speed abilities (Fama & Sullivan, 2015).  

Other Neuroanatomical Correlates. Functional connectivity has been a growing area of 

research where clinicians can see how different areas of the brain communicate while individuals 

complete different cognitive tasks. Shaw and colleagues (2015), for example, used a functional 

connectivity MRI to investigate different brain networks in healthy older adults and how those 

networks related to performance on cognitive tasks. They found that the frontoparietal control 

network was associated with executive function performance (Shaw et al., 2015). More 

specifically, the prefrontal-parietal regions have been found to be involved in inductive 

reasoning (Jia et al., 2011; Jia et al., 2015; Liang et al., 2013). This shows that if there are 

connectivity impairments, it is possible there will be executive function deficits. 

The Relationship Between Nonverbal Intelligence and Expressive and Receptive Language 

 Although the relationship between intelligence and different measures of language has 

been extensively researched, less research is available examining the influence of language 

abilities on nonverbal measure of intelligence.  For example, no research has been done on the 

relationship between the Leiter-3 and PPVT-5 and EVT-3. Previous literature has looked at the 

use of the Leiter International Performance Test, Revised (Leiter-R; Roid & Miller, 1997) and 

the PPVT-4 with individuals who have Down syndrome (Phillips et al., 2014). Phillips and 

colleagues (2014) used a developmental trajectory analysis to look at the relationship between 

the Leiter-R and PPVT-4. They found that the growth score values were not on the same scale, 

meaning they are not directly comparable (Phillips et al., 2014). This shows that it is difficult to 

compare the progress on both measures over time, and instead, they should be looked at 

independently.  
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The Leiter-R Nonverbal IQ has been shown to be related to the PPVT-3 and EVT raw 

scores in individuals with ASD and Fragile X syndrome (McDuffie, Kover, Abbeduto, Lewis, & 

Brown, 2012). More specifically, this means that although the Leiter-R purports to measure 

nonverbal abilities, language still seems to influence performance; however, these results may 

not have been the same if PPVT-3 and EVT Standard Scores were analyzed instead of the raw 

scores since norms were not used to derive the raw scores. The relationship between various 

revisions of the PPVT and typical intelligence tests, such as the WIS are researched more 

frequently in the literature than the relationship between the PPVT and nonverbal intelligence 

tests.  

 Research measuring how much variance in nonverbal intelligence tests can be explained 

by language can still prove helpful for understanding nonverbal intelligence when a measure of 

PIQ is presented. For example, The Peabody Picture Vocabulary Test, Third Edition (PPVT-3; 

Dunn & Dunn, 1997) and the WAIS-III have been reviewed to show how well the PPVT-3 

estimated intelligence, as well as PIQ (Bell et al., 2001). They found that the PPVT-3 and WAIS-

III’s PIQ were not correlated (r = .26, p > .05) (Bell et al., 2001). This shows that the PIQ on the 

WAIS-III and the PPVT-3 are measuring different constructs and can be interpreted 

independently of each other. This indicates that receptive language and a more nonverbal task 

are able to both be given in a battery of tests and the clinician may find differing scores that 

could aid in differential diagnosis. Although this research has advanced our understanding of 

different measures, it is still unclear if expressive language correlates highly with receptive 

language and intelligence.  

 One study completed by Vance and colleagues (1989) looked at the relationship between 

the PPVT-R, Expressive One-Word Picture Vocabulary Test (EOWPVT; Gardner, 1979), and 
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the WPPSI in 51 typically developing children. Results indicated that the PPVT-R and 

EOWPVT accounted for 36% of the variability in the WPPSI PIQ scores (Vance, West, & 

Kutsick, 1989). Alone, the PPVT-R was shown to be a statistical predictor of the PIQ, but the 

EOWPVT was not (Vance, West, & Kutsick, 1989). This indicated that expressive language was 

not found to measure PIQ as well as receptive language. It also showed that the PPVT-R could 

be used as a reliable predictor of what a child’s PIQ would be without administering an 

intelligence test.  

The proposed study will examine if nonverbal intelligence (Leiter-3) can be predicted by 

expressive (EVT-3) and receptive language (PPVT-5). This will aid in determining whether the 

constructs are independent of each other or have overlap. 

The Relationship Between Nonverbal Intelligence and Executive Functions 

 The relationship between nonverbal intelligence and executive functions has been scarce 

in the literature. Most of the articles analyzing these two constructs includes direct measurement 

through neuroimaging. Research on the activation of nonverbal intelligence and executive 

functions has found that visual cognitive set-shifting and nonverbal intelligence activates the 

cerebellum due to both tasks involving the need for hand movements and motor coordination, as 

well as parietal-frontal connections, and the prefrontal cortex (Nejati, Salehinejad, & Nitsche, 

2018; Rigoli et al., 2012; Shaw et al., 2015). Verbal executive functions have been found to 

activate different areas of the brain compared to nonverbal intelligence. Verbal inhibition, verbal 

cognitive set-shifting, and verbal fluency have been shown to activate left frontal brain areas, 

while nonverbal intelligence activates more right frontal and posterior regions of the brain (Jung 

& Haier, 2007; Nejati, Salehinejad, & Nitsche, 2018; Sanjuán et al., 2010). 
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 Although direct measurements are helpful in seeing which cognitive constructs may have 

overlap, indirect measures are also vital to see relations between specific tests that purport to 

measure different cognitive abilities, such as executive functions and nonverbal intelligence. 

Buczylowska and Petermann (2017) researched the relationship between the WAIS-III 

Perceptual Reasoning Index and various executive functions on the Neuropsychological 

Assessment Battery (NAB; Stern & White, 2003) in 126 typically developing adults. They found 

that various executive functions, including planning, visual inhibition, phonemic fluency,  

problem solving, visual concept formation, visual cognitive flexibility, and verbal fluency were 

correlated with the Perceptual Reasoning Index on the WAIS-III.   

 Nonverbal intelligence, as measured by the Leiter-3 and the four subtests that comprise 

the Nonverbal IQ score has also been researched using the Cattell-Horn-Carroll (CHC) Cross-

Battery approach. Wilhoit (2017) assigned Classification and Analogies and Sequential Order to 

fluid intelligence and induction, which measures a person’s ability to solve novel problems and 

identify a rule. He assigned Form Completion to visual processing and visualization, which 

measures a person’s ability to transform an object in their mind (Wilhoit, 2017). Lastly, Figure 

Ground was assigned to visual processing and flex of closure, which measures a person’s ability 

to identify an object located in an array of distractors (Wilhoit, 2017). These assignments on 

CHC theory indicate the subtests on the Leiter-3 may be measuring different constructs than 

executive functions, such as verbal inhibition and verbal fluency.  

The proposed study will look to examine if nonverbal intelligence (Leiter-3) can be 

predicted by various executive functions (D-KEFS). This will aid in determining whether the 

constructs are independent of each other or have overlap. 
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Conclusion 

 Additional research is needed to clarify if nonverbal intelligence can be predicted by 

receptive and expressive language abilities. Previous research suggests receptive language is 

associated with nonverbal intelligence more so than expressive language; however, more 

literature is needed to determine the degree of variance that is shared between measures of 

nonverbal intelligence, receptive language, and expressive language (i.e., the Leiter-3, PPVT-5, 

and EVT-3). If nonverbal intelligence can be predicted by expressive and/or receptive language, 

this would suggest there is overlap between the constructs and this calls into question the utility 

of nonverbal measures of intelligence.   

 Further research is also needed to clarify if nonverbal intelligence can be predicted by 

verbal and nonverbal executive functions. Previous research has shown that various executive 

functions are correlated with nonverbal cognitive abilities; however, more literature is needed to 

determine the degree of variance that is shared between measures of executive functions (D-

KEFS) and nonverbal intelligence (Leiter-3). If nonverbal intelligence can be predicted by 

executive functions, this would suggest nonverbal intelligence is not independent of executive 

functioning.   

CHAPTER III 

METHODOLOGY  

 The following chapter is composed of four sections: Participants, procedures, 

instrumentation, and statistical procedures. The purpose of this chapter is to discuss the selection 

of participants, the procedures of data collection, which instruments were utilized for data 

collection, and which statistical procedures were completed to analyze the research questions. 
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This study used data collected from a larger study which was designed to analyze the 

relationship between various neuropsychological tests.  

Participants 

  The participants for this study were Ball State University students who were at least 18 

years old. They were recruited on the SONA system. Participants received three research credit 

hours for class. Demographic data was collected for these participants. Each participant was 

provided an informed consent form to sign prior to administration of any tests, and they had the 

opportunity to ask questions. Following the informed consent, each participant completed a 

three-hour battery of neuropsychological and psychological tests.  

Procedures 

Participants were 51 undergraduate students enrolled at a Midwestern university. 

Permission to recruit undergraduate students completing psychology courses was obtained by the 

Ball State Universities Institutional Review Board (#1286388). IRB approval was also obtained 

by Ball State University to analyze the data for this study (#1577411-1) collected as part of the 

larger study. The original study was advertised on an online portal, SONAR. Data was collected 

by trained graduate students who had earned a master’s degree, completed cognitive and 

academic assessment courses, and were trained on all measures by the principal investigator. For 

this study, de-identified data, including the four subtests from the Leiter International 

Performance Scale, Third Edition (Leiter-3; Roid, Miller, Pomplun, & Koch, 2013b) that derive 

the NVIQ (Figure Ground, Form Completion, Classification/Analogies, Sequential Order), the 

Peabody Picture Vocabulary Test, Fifth Edition (PPVT-5; Dunn, 2019), the Expressive 

Vocabulary Test, Third Edition (EVT-3; Williams, 2019), and three subtests from the Delis-



NONVERBAL IQ, LANGUAGE, EF  64 

 

 
 

Kaplan Executive Function System (D-KEFS; Verbal Fluency, Color-Word Interference, Trail 

Making Test; Delis, Kaplan, & Kramer, 2001) were analyzed. Additional tests administered as 

part of the larger study but were not be analyzed for this study include the Wechsler Adult 

Intelligence Scale, Fourth Edition (WAIS-IV; Wechsler, 2008), the Test of Premorbid 

Functioning (TOPF) from the Advanced Clinical Solutions (ACS; Wechsler, 2009), and the 

Finger Tapping Test from the Halstead-Reitan Neuropsychological Test Battery (HRNB; Reitan, 

1993). To reduce potential order effects, the protocols for the larger study were counterbalanced 

with some exceptions; according to the PPVT-5 manual, it is recommended the PPVT-5 be 

administered prior to the EVT-3 (Dunn, 2019b). All three of the D-KEFS subtests were 

administered back-to-back since they are a part of the same test battery. A standard 

counterbalancing procedure was used. Table 1 describes the tests analyzed in this study, as well 

as their corresponding constructs.  
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Table 1 

Tests and Corresponding Constructs 

Tests Constructs 

Leiter-3 NVIQ Nonverbal Intelligence 

   Figure Ground Visual Scanning 

   Form Completion Mental Flexibility 

   Classifications/Analogies Fluid Reasoning 

   Sequential Order Nonverbal Reasoning 

DKEFS Executive Functioning 

   Trail Making Test, Condition 4 Visual Cognitive Set-Shifting 

   Color-Word Interference, Condition 3 Verbal Inhibition 

   Color-Word Interference, Condition 4 Verbal Cognitive Set-Shifting 

   Verbal Fluency – Letter Fluency  Phonemic Fluency 

   Verbal Fluency – Category Fluency Category Fluency 

PPVT-5 Receptive Language 

EVT-3 Expressive Language 

 

SPSS software was used for all analyses. Missing data was parsed out through listwise 

deletion. Any participant with missing data was removed from the analysis, which decreased the 

sample size from 70 to 51 participants. Demographic information from the final sample after the 

listwise deletion was completed can be found in Table 2.  
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Instrumentation 

Leiter International Performance Scale, Third Edition (Leiter-3) 

 Description 

 The Leiter-3 is the most current version of the Leiter International Performance Scale 

(Leiter; Leiter, 1929) and is an individually administered test designed to measure various 

nonverbal cognitive abilities, such as nonverbal intelligence, fluid reasoning, visualization, visual 

memory, visual attention, processing speed, and visual cognitive interference (Roid, Miller, 

Pomplun, & Koch, 2013a). The Leiter-3 includes a number of new subtests the Leiter 

International Performance Scale, Revised (Leiter-R; Roid & Miller, 1997) did not contain (Roid, 

Miller, Pomplun, & Koch, 2013a). The Leiter-3 can be administered to both children and adults 

between the ages of three years and 75+ years. The Leiter-3 standardization sample consists of 

1,603 individuals split into 13 age bands (Roid, Miller, Pomplun, & Koch, 2013a). The Leiter-3 

was also administered to 12 special criterion groups to assess their nonverbal cognitive 

functioning, including those with severe speech/language impairments, deaf or hard of hearing, 

severe orthopedic or motor delay or deviation, traumatic brain injury (TBI), mild to severe 

intellectual disabilities, ADHD with and without hyperactivity, gifted, learning disability – 

reading disorder, learning disability – other, English as a second language - Spanish, English as a 

second language (ESL) - Asian or other, and ASD (Roid, Miller, Pomplun, & Koch, 2013a ). 

Roid and colleagues (2013a) noted the Leiter-3 was developed for four reasons, including early 

identification of individuals with cognitive delays, measuring small increments of improvement 

in cognitive ability (i.e., growth), to be a reliable and valid scale of intelligence regardless of 

language and motor abilities, and transition planning for entering the job market. The Leiter-3 

contains 10 subtests that are separated into two batteries known as the cognitive and 
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attention/memory batteries (Roid, Miller, Pomplun, & Koch, 2013a). The first four subtests 

create the NVIQ, and the other six subtests create two composites, Nonverbal Memory and 

Processing Speed (Roid, Miller, Pomplun, & Koch, 2013a).  

Validity and Reliability 

 Internal consistency reliability of the cognitive battery subtests ranged from .78 to .95 

across a sample of 1,603 consisting of 13 age bands between three years and 60+ years (Roid, 

Miller, Pomplun, & Koch, 2013a). The NVIQ reliability ranged from .94 and .98 across a sample 

of 1,598 consisting of five age bands between three years and 75+ years (Roid, Miller, Pomplun, 

& Koch, 2013a). Test-retest reliability of the four subtests that comprise the NVIQ was assessed 

across a sample of 149 individuals between the ages of three years and 79 years (Roid, Miller, 

Pomplun, & Kock, 2013a). The test-retest reliability ranged from .74 to .86 (Roid, Miller, 

Pomplun, & Koch, 2013a). Several validity studies were also completed using the Leiter-3 and 

various other intelligence measures. The Leiter-3 and Leiter-R’s NVIQ scores were found to 

have a .78 correlation by using a sample size of 60, while the Leiter-3 NVIQ and the Woodcock-

Johnson Tests of Cognitive Abilities, Third Edition (WJ-III; Mather & Woodcock, 2001) Fluid 

Reasoning composite had a .74 correlation by using a sample size of 26 (Roid, Miller, Pomplun, 

& Koch, 2013a). The Leiter-3 NVIQ and the WAIS-IV Perceptual Reasoning Index had a .72 

correlation by using a sample size of 53 for each composite (Roid, Miller, Pomplun, & Koch, 

2013a). An independent predictive validity study of the original Leiter was completed by Reeve, 

French, and Hunter (1983) with 60 kindergarten children. They found that the Leiter predicted 

kindergarteners reading scores on an achievement measure at .50, math scores at .54, and 

language scores at .47 (Reeve, French, & Hunter, 1983). Tsatsanis and colleagues (2003) 

researched the concurrent validity of the Leiter-R in 26 children with low-functioning Autism. 
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They found that the Leiter-R and original Leiter had a .87 correlation (Tsatsanis et al., 2003). 

Lastly, the Leiter-R Full Scale IQ and Universal Nonverbal Intelligence Test (UNIT; Bracken & 

McCallum, 1998) Full Scale IQ were found to have a correlation of .72 by analyzing 100 

kindergarten through 8th graders (Hooper & Bell, 2006). There are currently no other published 

reliability or validity studies completed on the Leiter-3.  

Delis-Kaplan Executive Functioning System (D-KEFS) 

 Description 

The D-KEFS is a set of nine individually administered neuropsychological tests that 

follows a cognitive-process approach to allow for individual assessment of executive functions 

(Delis, Kaplan, & Kramer, 2001a). The D-KEFS standardization sample consists of 1,700 

children and adults between the ages of eight and 89 years (Delis, Kaplan, & Kramer, 2001a).  

For the purposes of this study, only the Verbal Fluency (Letter and Category Fluency), Color-

Word Interference (Conditions 3 and 4) and Trail Making Test (Condition 4) were be discussed.  

 Validity and Reliability 

 According to Delis, Kaplan, & Kramer (2001a), using a sample of 99, the test-retest 

reliability of the Trail Making Test (Condition 4) was .38 for all ages, while they were .80 and 

.79 for the Letter and Category Verbal Fluency tasks respectively for all ages (Delis, Kaplan, & 

Kramer, 2001a). The test-retest reliabilities of the Color-Word Interference (Conditions 3 and 4) 

for all ages, using a sample of 100, were .75 and .65 respectively (Delis, Kaplan, & Kramer, 

2001a). A correlation study conducted by Delis, Kaplan, & Kramer (2001a) noted the Trail 

Making Test (Condition 4) had a correlation of 0.21-0.38 with Verbal Fluency (Letter), 0.19-0.38 

with Verbal Fluency (Category), 0.32-0.43 with Color-Word Interference (Condition 3), and 
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0.26-0.41 with Color-Word Interference (Condition 4) depending on the age range. The Verbal 

Fluency (Letter) test had a correlation between 0.55 and 0.58 with Verbal Fluency (Category), 

0.30-0.34 with Color-Word Interference (Condition 3), and 0.16-0.29 with Color-Word 

Interference (Condition 4) depending on the age range (Delis, Kaplan, & Kramer, 2001a). The 

Verbal Fluency (Category) test had a correlation between 0.25 and 0.37 with Color-Word 

Interference (Condition 3) and 0.17 and 0.32 with Color-Word Interference (Condition 4) (Delis, 

Kaplan, & Kramer, 2001a). Lastly, Color-Word Interference (Condition 3) had a correlation with 

Color-Word Interference (Condition 4) between 0.58 and 0.63 (Delis, Kaplan, & Kramer, 

2001a). An independent criterion validity study on the D-KEFS Color-Word Interference and 

Verbal Fluency subtests was completed by Anderson and colleagues (2017) with 128 patients 

who sustained a TBI. The authors found the patient’s performance on the switching portions of 

these two subtests were sensitive to TBI severity when controlling for Color Naming and 

Category Fluency (Anderson et al., 2017).  

Peabody Picture Vocabulary Test, Fifth Edition (PPVT-5) 

 Description 

The PPVT-5 is an individually administered test designed to measure receptive 

vocabulary skills in both children and adults between the ages of two years and six months and 

90+ years (Dunn, 2019b). It is the most current version of the Peabody Picture Vocabular Test  

(PPVT; Dunn, 1959) and was co-normed with the EVT-3. The standardization sample consists of 

2,720 individuals, and the majority of age bands contain 100 individuals each (Dunn, 2019b). 

The PPVT-5 has two parallel forms to aid in its use for progress monitoring (Dunn, 2019b). This 

instrument can also be used as a screening tool for receptive language disorders and linguistic 

and cognitive development, as well as for measuring word knowledge, understanding reading 
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difficulties, testing for special education evaluations, research, and evaluating the acquisition of 

English words for culturally and linguistically diverse patients (Dunn, 2019b). The PPVT-5 

administration time ranges from 11 to 16 minutes depending on the age of the patient (Dunn, 

2019b).  

Validity and Reliability 

 The average split-half reliability coefficient provided for the PPVT-5 was .97 but ranged 

from .94 to .98 depending on the age band evaluated (Dunn, 2019b). Using a sample of 273 

individuals, the mean alternate form reliability was .84, but ranged from .81 to .89 depending on 

which of the three age bands were evaluated (Dunn, 2019b). The mean test-retest reliability, 

analyzed using 213 individuals in three age bands, was .88, while it ranged from .75 to .89 

(Dunn, 2019b). Several validity studies were completed using the PPVT-5 and various other tests 

that purport to measure language skills. The PPVT-5 and Peabody Picture Vocabulary Test, 

Fourth Edition (PPVT-4; Dunn & Dunn, 2007) were found to be highly correlated, with a .84 

correlation coefficient when all ages were assessed using a sample size of 109 (Dunn, 2019b). 

The EVT-3 and PPVT-5 were tested to see if they were correlated and were found to have a .76 

correlation when all ages were combined using a sample of 2,720 (Dunn, 2019b). Using a sample 

of 102, the Clinical Evaluation of Language Fundamentals, Fifth Edition (CELF-5; Wiig, Semel, 

& Secord, 2013) indexes and PPVT-5 were found to have moderate correlations between .68 and 

.73 (Dunn, 2019b). Further analyses indicated the PPVT-5 can be used in discriminating between 

those who are typically developing and those with various impairments, such as patients with a 

language delay, specific language impairment, learning disability in reading and/or writing, 

ASD, and hearing impairments with cochlear implants (Dunn, 2019b).  
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Expressive Vocabulary Test, Third Edition (EVT-3) 

Description 

The EVT-3 is an individually administered test designed to measure expressive 

vocabulary and word retrieval skills in both children and adults between the ages of two years 

and six months and 90+ years (Williams, 2019b). It is the most current version of the Expressive 

Vocabulary Test (EVT; Williams, 1997) and contains two parallel forms to aid in its use for 

progress monitoring (Williams, 2019b). This instrument can also be used as a screening tool for 

expressive language disorders and language-related developmental milestones, as well as for 

measuring word retrieval skills, understand reading difficulties, special education evaluations, 

research, and evaluating the acquisition of English words for culturally and linguistically diverse 

individuals (Williams, 2019b). The EVT-3 administration time ranges from 11 to 21 minutes 

depending on the patient’s age (Williams, 2019b).  

Validity and Reliability  

 The average split-half reliability coefficient provided for the EVT-3 was .97 but ranged 

from .94 to .99 depending on the age band evaluated (Williams, 2019b). Using a sample of 273 

individuals, the mean alternate form reliability was .89, but ranged from .86 to .92 depending on 

which of the three age bands were analyzed (Williams, 2019b). The mean test-retest reliability 

consisted of a sample of 213 individuals and was .90, while it ranged from .87 to .93 depending 

on the age band evaluated (Williams, 2019b). Several validity studies were completed regarding 

the EVT-3 and other language measures. The EVT-3 and Expressive Vocabulary Test, Second 

Edition (EVT-2; Williams, 2007) were found to be highly correlated, with a .88 correlation 

coefficient when all ages were combined using a sample of 108 individuals. The CELF-5 indexes 
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and EVT-3 were found to have moderate correlations between .67 and .71 by analyzing a sample 

of 104 individuals between the ages of seven years and 18 years and 11 months (Williams, 

2019b). Further analyses indicated the EVT-3 can be used in discriminating between those who 

are typically developing and those with various impairments, such as patients with a language 

delay, specific language impairment, learning disability in reading and/or writing, ASD, and 

hearing impairments with cochlear implants (Williams, 2019b).   

Research Questions and Hypotheses 

R1. To what degree do expressive language (EVT-3), receptive language (PPVT-5), 

visual cognitive set-shifting (Trail Making Test), verbal inhibition and verbal cognitive 

set-shifting (Color-Word Interference), and verbal fluency (Verbal Fluency) predict fluid 

reasoning (Classifications and Analogies; Leiter-3), visual spatial skills (Form 

Completion; Sequential Order; Leiter-3), and visual scanning abilities (Figure Ground; 

Leiter-3)? This prediction model was analyzed via a multivariate regression.  

EVT-3 + PPVT-5 + Trail Making Test + Color-Word Interference + Verbal 

Fluency → Figure Ground, Form Completion, Classification and Analogies, and 

Sequential Order  

H1:  The null hypothesis will be upheld.  

The hypothesis that there will not be a prediction of fluid reasoning, visual spatial 

skills, and visual scanning abilities by receptive and expressive language is based on the 

idea language is primarily housed in the dominant hemisphere (Towle et al., 2008; 

Youssofzadeh, Williamson, & Kadis, 2017), whereas the other three constructs are 

housed primarily in the nondominant hemisphere (Huberle & Karnath, 2012). This is 
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consistent with previous research that indicated receptive and expressive language tasks 

were not correlated with visual spatial cognitive abilities (Bell et al., 2001; Weismer et 

al., 2018). 

The hypothesis that there will not be a prediction of fluid reasoning, visual spatial 

skills, and visual scanning abilities by visual cognitive set-shifting, verbal inhibition and 

cognitive set-shifting, and verbal fluency is consistent with previous research that visual 

cognitive set-shifting, verbal inhibition and cognitive set-shifting, and verbal fluency 

were found to be related to intellectual functioning although unique variance was still 

present (Davis, Pierson, & Finch, 2011).    

R2. To what degree do expressive language (EVT-3), receptive language (PPVT-5), 

visual cognitive set-shifting (Trail Making Test), verbal inhibition and verbal cognitive 

set-shifting (Color-Word Interference), and verbal fluency (Verbal Fluency) predict 

Nonverbal IQ (Leiter-3)? This prediction model was analyzed via a multiple regression.  

EVT-3 + PPVT-5 + Trail Making Test + Color-Word Interference + Verbal 

Fluency → Nonverbal IQ 

H1:  Receptive language and visual cognitive set-shifting will predict a proportion 

of the variance in Nonverbal IQ.  

H2: Expressive language, verbal cognitive set-shifting and inhibition, and verbal 

fluency will not predict a proportion of the variance in Nonverbal IQ.  

The hypothesis that there will be a prediction of Nonverbal IQ by receptive 

language is based on the idea that to complete a nonverbal intelligence test one must 

understand the gestured instructions displayed by the examiner, which involves the use of 
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receptive language skills even if they are not spoken. This is consistent with research 

finding that receptive language is related to nonverbal intelligence and nonverbal 

cognitive abilities (McDuffie et al., 2012; Vance, West, & Kutsick, 1989); receptive 

language can also be considered essential in global measures of intelligence. This 

hypothesis is also consistent with research noting the parietal lobe and cerebellum are 

activated during both receptive language tasks and Nonverbal IQ tests (Jung & Haier, 

2007; Ramsden et al., 2011; Starowicz-Filip et al., 2017; Towle et al., 2008). The 

hypothesis that visual cognitive set-shifting will be a predictor of Nonverbal IQ is 

consistent with neuroimaging research noting both abilities require activation from the 

cerebellum for hand movements and motor coordination, frontal-parietal coordination, 

and frontal lobe activation (Nejati, Salehinejad, & Nitsche, 2018; Rigoli et al., 2012; 

Shaw et al., 2015). 

The null hypothesis, that Nonverbal IQ will not be predicted by expressive 

language is consistent with neuroimaging research noting Nonverbal IQ tests activate the 

right parietal lobe, right frontal lobe, and cerebellum (Jung & Haier, 2007; Posthuma et 

al., 2003), while expressive language has been shown to activate mainly the left posterior 

frontal lobe (Tate et al., 2014; Towle et al., 2008). The hypothesis that there will not be a 

prediction of Nonverbal IQ by verbal inhibition and cognitive set-shifting or verbal 

fluency is consistent with previous research that Verbal Fluency activates primarily 

Broca’s area and the cerebellum (Riva et al., 2013; Strick, Dum, & Fiez, 2009), verbal 

inhibition and cognitive set-shifting activates the prefrontal regions (Nejati, Salehinejad, 

& Jitsche, 2018), while nonverbal intelligence has been shown to primarily activate the 

right parietal lobe (Jung & Haier, 2007; Nejati, Salehinejad, & Jitsche, 2018). 
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Description of the Sample 

 Participants were 51 undergraduate students (34 females and 17 males) enrolled in 

psychology courses at a Midwestern university. They each received 3 research credits for 

participating in the current study. They ranged in age from 18 to 41 years (mean age = 19.5 

years, SD = 1.96 years). The ethnicity of the sample was as follows: Caucasian (72.5%), African 

American (13.7%), Hispanic (0.10%), and Mixed (0.03%; see Table 2). Three participants 

(5.9%) self-disclosed a history of learning disabilities, five (9.8%) reported a diagnosis of 

attention-deficit hyperactivity disorder, and 15 (29.4%; see Table 2) reported a history of 

traumatic brain injuries or concussions.  
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Table 2 

Descriptive Statistics of the Sample 

Variable n % 

Gender   

   Female 34 66.7 

   Male 17 33.3 

Race   

   Caucasian 37 72.5 

   Asian American 0 0 

   African American 7 13.7 

   Hispanic 5 0.10 

   Mixed 2 0.03 

   Other 0 0 

Self-Disclosed Disorders   

   Learning Disability               3              5.9% 

   ADHD               5 9.8% 

   TBI or Concussion                                                                      15 29.4% 

Note: N = 51.  

 

 Standard scores, with a mean of 100 and standard deviation of 15, were calculated 

for the Leiter-3 NVIQ, PPVT-5, and EVT-3. Scaled scores, with a mean of 10 and a standard 

deviation of 3, were calculated for the D-KEFS Color-Word Interference, Condition 3, and 

Condition 4 (based on completion times), Trail Making Test, Condition 4 (based on completion 

time), and Verbal Fluency – Letter Fluency and Category Fluency. Scaled scores were also 

obtained for the Leiter-3 subtests (i.e., Figure Ground, Form Completion, 

Classifications/Analogies, and Sequential Order).  
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 Means and standard deviations were calculated for the participants for each measure. The 

mean scores all fell within the average range for the Leiter-3 NVIQ, D-KEFS subtests, PPVT-5, 

and EVT-3; however, one subtest from the Leiter-3, Sequential Order, fell slightly above the 

mean (M = 13.04). These results were largely expected given the sample consisted of a non-

referred college-aged population. The Leiter-3 Form Completion (SD = 2.66), Trail Making Test, 

Condition 4 (SD = 2.51), Color-Word Interference, Condition 3 (SD = 2.60), Color-Word 

Interference, Condition 4 (SD = 2.40), PPVT-5 (SD = 12.11), and EVT-3 (SD = 10.22) all had 

standard deviations that were lower than the normative standard deviation, indicating they had a 

more restrictive range. Standard deviations for the Leiter-3 NVIQ (13.60), Figure Ground (SD = 

3.84), Classifications/Analogies (SD = 3.24), and Sequential Order (SD = 3.90) subtests, as well 

as the D-KEFS Verbal Fluency - Category Fluency (SD = 3.60) were all slightly higher than the 

normative standard deviations. This means the current sample had a less restrictive range than 

that of the normative sample. The D-KEFS Verbal Fluency – Letter Fluency standard deviation 

(SD = 3.01) was almost equivalent to the normative standard deviation.  

 Pearson correlations were used to assess the relationships between the various measures. 

Large and positive correlations were found between some measures at p < .01. For example, the 

correlation between Conditions 3 and 4 of the D-KEFS Color-Word Interference was found to be 

large and positive (.539), although slightly lower than the correlation noted in the technical 

manual for ages 20-49 (.63). The D-KEFS Color-Word Interference, Condition 4 and Trail 

Making Test, Condition 4 had a large and positive correlation (.536) that was larger than the one 

noted in the technical manual for ages 20-49 (.41). The D-KEFS Verbal Fluency tests were 

found to have a large and positive relationship (.554) that was comparable to the technical 

manual for ages 20-49 (.59). The PPVT-5 and EVT-3 were found to have a large and positive 
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relationship (.728) that was slightly lower than that found in the PPVT-5 and EVT-3 manuals for 

all ages (.77). The Leiter-3’s NVIQ and all four Leiter-3 subtests were found to have large and 

positive correlations in the current study. The Leiter-3 subtest intercorrelations in the test manual 

were found to range from small (.25) to large (.59) when looking at the 17-29 age band (Roid, 

Miller, Pomplun, & Koch, 2013b).  More specifically, Form Completion and Figure Ground had 

a medium and positive correlation (.48), Form Completion and Classification/Analogies had a 

small and positive correlation (.25), Form Completion and Sequential Order had a medium and 

positive correlation (.39), Figure Ground and Classification/Analogies had a medium and 

positive correlation (.38), Figure Ground and Sequential Order had a large and positive 

correlation (.59), and Sequential Order and Classification/Analogies had a medium and positive 

correlation (.45).  

CHAPTER IV 

RESULTS 

 This chapter is comprised of the results investigating to what degree various cognitive 

factors (expressive language, receptive language, verbal and visual cognitive set-shifting, and 

verbal fluency) predict nonverbal intelligence, fluid reasoning, visual spatial skills, and visual 

scanning abilities in a non-referred college sample. The results of various statistical analyses are 

summarized. This chapter includes three sections: (1) results and analyses, (2) statistical 

assumptions, and (3) summary.  
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Results and Analyses 

Descriptive Statistics 

Descriptive statistics for the results obtained from four subtests on the Leiter 

International Performance Scale, Third Edition (Leiter-3; Roid et al., 2013), three subtests on 

the Delis-Kaplan Executive Function System (D-KEFS; Delis et al., 2001), and standard scores 

on the Leiter-3 Nonverbal Intelligence Quotient (NVIQ), Peabody Picture Vocabulary Test, 

Fifth Edition (PPVT-5; Dunn, 2019), and Expressive Vocabulary Test, Third Edition (EVT-3; 

Williams, 2019) are all included in Table 3. The Letier-3 NVIQ, PPVT-5, and EVT-3 standard 

scores and Leiter-3 and D-KEFS subtests were based on separate normative samples. The Leiter-

3 NVIQ, PPVT-5, and EVT-3 normative data have mean standard scores of 100 and standard 

deviations of 15. The Leiter-3 and D-KEFS subtests normative data have mean subtest scores of 

10 and standard deviations of 3.  
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Table 3 

Mean and Standard Deviation Statistics for the Leiter-3, D-KEFS, PPVT-5, and EVT-3 

Variable M SD 

Leiter-3 Nonverbal Intelligence Quotient  105.65 13.60 

Leiter-3 Subtests 
  

Figure Ground (Visual Scanning) 11.29 3.84 

Form Completion (Mental Flexibility) 10.78 2.66 

Classifications/Analogies (Fluid Reasoning) 10.75 3.24 

Sequential Order (Nonverbal Reasoning) 13.04 3.90 

D-KEFS Subtests 
  

Trail Making Test, Condition 4 (Visual 

Cognitive Set-Shifting) 

9.33 2.51 

Color-Word Interference, Condition 3 

(Verbal Inhibition) 

10.79 2.60 

Color-Word Interference, Condition 4 

(Verbal Cognitive Set-Shifting) 

10.66 2.39 

Verbal Fluency - Letter Fluency (Phonemic 

Fluency) 

10.80 3.01 

Verbal Fluency - Category Fluency 

(Category Fluency) 

12.05 3.60 

PPVT-5 Standard Score (Receptive 

Language) 

97.79 12.11 

EVT-3 Standard Score (Expressive 

Language) 

100.02 10.22 

 

The mean standard score for the Leiter-3 NVIQ in this sample was 105.65 with a 

standard deviation of 13.60, which falls within the average range; however, is in a more 

restrictive range than the normative sample. Mean subtest scores on the Leiter-3 for the current 

sample range from 10.75 (Classifications/Analogies) and 13.04 (Sequential Order). Standard 



NONVERBAL IQ, LANGUAGE, EF  81 

 

 
 

deviations for the current sample range from 2.66 (Form Completion) and 3.90 (Sequential 

Order), which range from lower to higher than the normative standard deviation. This suggests a 

more limited range of scores than the normative sample for some subtests and a larger range of 

scores than the normative sample for other subtests. The D-KEFS mean subtest scores for the 

current sample range from 9.33 (Trail Making Test, Condition 4) and 12.05 (Verbal Fluency – 

Category Fluency), all of which are in the average range. Standard deviations range from 2.39 

(Color-Word Interference, Condition 4) and 3.60 (Verbal Fluency – Category Fluency), which 

range from lower to higher than the normative standard deviation. The mean standard score for 

the PPVT-5 was 97.79 with a standard deviation of 12.11, which falls within the average range; 

however, it is a more restrictive range than the normative sample. The mean standard score for 

the EVT-3 was 100.2 with a standard deviation of 10.22, which falls within the average range; 

however, it is a more restrictive range than the normative sample. The PPVT-5 and EVT-3 

standard deviations suggest the current sample obtained more limited ranges of scores than the 

normative sample. 

 The relationships among the Leiter-3 NVIQ standard score, Leiter-3 subtest scaled 

scores, D-KEFS subtest scaled scores, PPVT-5 standard score, and EVT-3 standard score were 

assessed using a Pearson’s correlation, as summarized in Table 4. Cohen’s (1988) guidelines 

were followed, suggesting relationships with a small effect size ranging from r = .10 - .29, a 

medium effect size ranging from r = .30 - .49, and a large effect size being r = .50 or larger.  
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Table 4 

Correlations between Leiter-3, D-KEFS, PPVT-5, and EVT-3 Scores 

Variable 1 2 3 4 5 6 7 8 9 10 11 12 

1. Leiter-3 Nonverbal 

Intelligence Quotient  

- .732** .617** .533** .705** .203 .215 .162 .156 .110 .408** .397** 

2. Figure Ground (Visual 

Scanning) 

.732** - .293* .202 .349** .367** .289* .248 .060 .025 .132 .176 

3. Form Completion (Mental 

Flexibility) 

.617** .293* - .137 .380** .042 .157 .147 .177 -.011 .277* .202 

4. Classifications/Analogies 

(Fluid Reasoning) 

.533** .202 .137 - .067 .098 .217 .075 .050 .063 .178 .407** 

5. Sequential Order (Nonverbal 

Reasoning) 

.705** .349** .380** .067 - .029 -.068 .013 .162 .180 .424** .186 

6. Trail Making Test, Condition 

4 (Visual Cognitive Set-Shifting) 

.203 .367** .042 .098 .029 - .464** .536** .313* .487** .115 .222 

7. Color-Word Interference, 

Condition 3 (Verbal Inhibition) 

.215 .289* .157 .217 -.068 .464** - .539** .319* .057 .194 .249 

8. Color-Word Interference, 

Condition 4 (Verbal Cognitive 

Set-Shifting) 

.162 .248 .147 .075 .013 .536** .539** - .259* .224 .017 .151 
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9. Verbal Fluency - Letter 

Fluency (Phonemic Fluency) 

.156 .060 .177 .050 .162 .313* .319* .259* - .554** .283* .243 

10. Verbal Fluency - Category 

Fluency (Category Fluency) 

.110 .025 -.011 .063 .180 .487** .057 .224 .554** - .213 .373** 

11. PPVT-5 Standard Score 

(Receptive Language) 

.408** .132 .277* .178 .424* .115 .194 .017 .283* .213 - .728** 

12. EVT-3 Standard Score 

(Expressive Language)@ 

.397** .176 .202 .407** .186 .222 .249 .151 .243 .373** .728** - 

 

*p < .05. **p < .01. 
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Various correlations were statistically significant (p < .05) when comparing the Leiter-3 

NVIQ standard score, Leiter-3 subtest scaled scores, D-KEFS subtest scaled scores, PPVT-5 

standard score, and EVT-3 standard score.  

• Significant, positive relationships:  

o Leiter-3s Form Completion and Figure Ground subtests 

o D-KEFS Color-Word Interference, Condition 3 and Leiter-3’s Figure 

Ground subtest 

o PPVT-5 and Leiter-3s Form Completion subtest 

o D-KEFS Color-Word Interference, Condition 4, and Verbal Fluency – 

Letter Fluency subtests 

o D-KEFS Verbal Fluency – Letter Fluency and PPVT-5 

• Significant, positive relationships:  

o Leiter-3s NVIQ and PPVT-5 

o Leiter-3s NVIQ and EVT-3 

o Leiter-3s Sequential Order and Figure Ground subtests 

o Leiter-3s Figure Ground subtest and D-KEFS Trail Making Test, 

Condition 4 

o Leiter-3s Sequential Order and Form Completion subtests 

o Leiter-3s Classifications/Analogies subtest and EVT-3 

o Leiter-3s Sequential Order subtest and PPVT-5 

o D-KEFS Trail Making Test, Condition 4 and Color-Word Interference, 

Condition 3 
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o D-KEFS Trail Making Test, Condition 4, and Verbal Fluency – Letter 

Fluency 

o D-KEFS Trail Making Test, Condition 4, and Verbal Fluency – Category 

Fluency 

o D-KEFS Color-Word Interference, Condition 3, and Verbal Fluency – 

Letter Fluency  

o D-KEFS Verbal Fluency – Category Fluency and EVT-3 

• Significant, positive relationships:  

o Leiter-3s NVIQ and Figure Ground subtest 

o Leiter-3s NVIQ and Form Completion subtest 

o Leiter-3s NVIQ and Classifications/Analogies subtest 

o Leiter-3s NVIQ and Sequential Order subtest 

o D-KEFS Trail Making Test, Condition 4 and Color-Word Interference, 

Condition 4 

o D-KEFS Color-Word Interference, Condition 3 and Color-Word 

Interference, Condition 4 

o D-KEFS Verbal Fluency – Letter Fluency and Verbal Fluency – Category 

Fluency  

o PPVT-5 and EVT-3 
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Research Question 1 and Multivariate Regression 

 A multivariate regression was used to assess the degree to which expressive language 

(EVT-3), receptive language (PPVT-5), visual cognitive set-shifting (D-KEFS Trail Making 

Test), verbal inhibition (D-KEFS Color-Word Interference), verbal cognitive set-shifting (D-

KEFS Color-Word Interference), and verbal fluency (D-KEFS Verbal Fluency) predicts fluid 

reasoning (Classifications/Analogies; Leiter-3), visual spatial skills (Form Completion and 

Sequential Order; Leiter-3), and visual scanning abilities (Figure Ground; Leiter-3) to answer the 

first research question.  Follow-up univariate regression analyses were performed using the 

predictor, PPVT-5.  
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Table 5 

Multivariate Regression Model Predicting Leiter-3 Subtest Scores from EVT-3, PPVT-5, D-KEFS Trail 

Making Test, D- Color-Word Interference, and Verbal Fluency Scores  

Predictors Wilk’s Lambda Value p ηp
2 

 

Trail Making Test, Condition 4 (Visual 

Cognitive Set-Shifting) 

.871 .226 .129 

Verbal Fluency – Letter Fluency 

(Phonemic Fluency) 

.951 .725 .049 

Verbal Fluency – Category Fluency 

(Category Fluency) 

.900 .363 .100 

Color-Word Interference, Condition 3 

(Verbal Inhibition) 

.898 .355 .102 

Color-Word Interference, Condition 4 

(Verbal Cognitive Set-Shifting) 

.957 .772 .043 

PPVT-5 (Receptive Language) .768 .029* .232 

EVT-3 (Expressive Language) .870 .222 .130 

 

*p < .05. **p < .01. 
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 Table 6 

Univariate Regression Models Predicting Figure Ground, Form Completion, 

Classifications/Analogies, and Sequential Order Subtest Scores from PPVT-5 Standard Score 

Dependent Variables   PPVT-5 

 B SE β t R Square 

Change 

p 

 

Figure Ground (Visual 

Scanning) 

.039 .037 .132 1.058 .017 .294 

Form Completion (Mental 

Flexibility) 

.055 .024 .277 2.267 .077 .027* 

Classifications/Analogies 

(Fluid Reasoning) 

.047 .033 .178 1.424 .032 .160 

Sequential Order 

(Nonverbal Reasoning) 

.137 .037 .424 3.686 .180 .000** 

 

*p < .05. **p < .01.  

Performance on the Leiter-3’s Figure Ground, Form Completion, 

Classifications/Analogies, and Sequential Order subtests were not predicted by the EVT-3, Trail 

Making Test, Color Word Interference, and Verbal Fluency tests. Results of the multivariate 

regression analysis predicting the Leiter-3’s Figure Ground, Form Completion, 

Classifications/Analogies, and Sequential Order subtest scaled scores from the EVT-3, Trail 

Making Test, Color Word Interference, and Verbal Fluency tests are summarized in Table 5. 

Performance on the PPVT-5 predicted a small among of performance on the Leiter-3’s Form 

Completion and Sequential Order subtests. Follow-up univariate regression analyses using the 

PPVT-5 to predict the four Leiter-3 subtests revealed the PPVT-5 accounted for 7.7% of the 

variance in Form Completion and 18% of the variance in Sequential Order subtest scores. 
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Results for the univariate regression analyses predicting the Leiter-3’s subtest scaled scores from 

the PPVT-5 standard score are summarized in Table 6.
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Research Question 2 and Sequential Multiple Regression 

 A sequential multiple regression was used to assess the degree to which expressive 

language (EVT-3), receptive language (PPVT-5), visual cognitive set-shifting (D-KEFS Trail 

Making Test), verbal inhibition (D-KEFS Color-Word Interference), verbal cognitive set-shifting 

(D-KEFS Color-Word Interference), and verbal fluency (D-KEFS Verbal Fluency) predicts 

Nonverbal Intelligence (NVIQ) as measured by the Leiter-3 to answer the second research 

question.
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Table 7 

Multiple Regression Model Predicting Leiter-3 NVIQ from PPVT-5 and Trail Making Test Scores 

 

Predictors B SE β t r R2 p 

Overall Model**     .435 .189 .006 

Constant** 57.001 14.810  3.849   .000 

Trail Making Test, Condition 4 

(Visual Cognitive Set-Shifting) 

.917 .669 .180 1.371   .177 

PPVT-5 (Receptive 

Language)** 

.410 .145 .371 2.828   .007 

 

*p < .05. **p < .01.  
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Table 8 

Multiple Regression Model Predicting Leiter-3 NVIQ from PPVT-5, EVT-3, Trail Making Test, Verbal Fluency, 

and Color-Word Interference Scores 

 

Predictors B SE β t r R2 p 

Overall Model     .451 .203 .979 

Constant** 51.933 18.876  2.751   .009 

Trail Making Test, Condition 4 (Visual 

Cognitive Set-Shifting) 

.841 1.021 .165 .824   .415 

PPVT-5 (Receptive Language) .283 .255 .257 1.111   .273 

Verbal Fluency – Letter Fluency 

(Phonemic Fluency) 

.124 .906 .027 .137   .892 

Verbal Fluency – Category Fluency 

(Category Fluency) 

-.075 .803 -.020 -.093   .926 

Color-Word Interference, Condition 3 

(Verbal Inhibition) 

.428 1.032 .086 .414   .681 

Color-Word Interference, Condition 4 

(Verbal Cognitive Set-Shifting) 

-.361 1.009 -.066 -.357   .723 

EVT-3 (Expressive Language) .170 .306 .132 .555   .582 

 

*p < .05. **p < .01
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The model containing the PPVT-5 and Trail Making Test predicted performance on the 

Leiter-3’s NVIQ, accounting for 18.9% of the variance in performance. More specifically, the 

PPVT-5 was found to predict NVIQ performance, while the Trail Making Test was not a 

predictor of NVIQ performance. Results for the regression analysis predicting the Leiter-3’s 

NVIQ standard score from the PPVT-5 and Trail Making Test are summarized in Table 7. The 

model containing PPVT-5, EVT-3, D-KEFS Trail Making Test, D-KEFS Color-Word 

Interference, and D-KEFS Verbal Fluency subtests did not predict Leiter-3 NVIQ performance. 

Results for the regression analysis predicting the Leiter-3’s NVIQ standard score from the 

PPVT-5, EVT-3, D-KEFS Trail Making Test, D-KEFS Color-Word Interference, and D-KEFS 

Verbal Fluency subtests are summarized in Table 8.
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Statistical Assumptions 

 Data were evaluated to confirm statistical assumptions of the above analyses were met. 

To ensure minimal measurement error, data were cleaned prior to running analyses and at 

multiple points in the data collection procedure. Tests were scored independently by two 

graduate students who were trained in the specific assessments administered in this study. 

Additionally, the data were cleaned during the data entry procedure to ensure accurate data entry 

into the dataset.  

 Normality was assessed for all variables using skewness, kurtosis, P-Plots, Q-Q Plots,  

and residual plots. Analysis of skewness and kurtosis suggests the majority of variables 

approximate normal distributions, with the exception of the D-KEFS Trail Making Test, 

Condition 4 subtest, which was negatively skewed and largely leptokurtic. Normality was also 

assessed via visual analysis of P-Plots and Q-Q Plots, which suggested all variables approximate 

normal distributions. A visual analysis of residual plots revealed the variables did not 

approximate normal distributions, but this could be due to a small sample size. Mardia’s test was 

used to assess for multivariate normality. It was found that the dependent variables were 

normally distributed. A scatterplot matrix was analyzed to assess linearity. Visual analyses of the 

scatterplots found all relationships to be linear. Homoscedasticity was assessed using a residual 

plot for all variables. Visual analysis suggests the assumption of homoscedasticity has been met. 

Multicollinearity was assessed using correlation coefficients between variables and tolerance and 

VIF values in the first model of the multiple regression analysis. Analysis of tolerance and VIF 

values suggests there is no multicollinearity between variables. Many of the D-KEFS subtests 

had large correlations with one another, as well as the PPVT-5 and EVT-3. This suggests there is 

multicollinearity between some of the variables.  
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Summary 

 Overall, the mean performance of the participants was in the average range on the PPVT-

5, EVT-3, and Leiter-3 NVIQ, as well as the D-KEFS Trail Making Test, Color-Word 

Interference, Verbal Fluency, and Leiter-3 subtests, except for Sequential Order on the Leiter-3. 

The largest effect sizes that showed positive relationships between tests included the four Leiter-

3 subtests with the Leiter-3 NVIQ, the PPVT-5 and EVT-3, both Verbal Fluency measures on 

the D-KEFS, both Color-Word Interference conditions on the D-KEFS, and the D-KEFS Color-

Word Interference, Condition 4 and Trail Making Test, Condition 4. Receptive language was 

found to be a predictor of the nonverbal intelligence, while no other variable predicted nonverbal 

intelligence performance. This model, including receptive language and visual cognitive set-

shifting, was found to account for 18.8% of the variance in nonverbal intelligence performance. 

Receptive language, as measured by the PPVT-5, was found to predict performance on a 

measure of mental flexibility at the p < .05 level, as well as the a measure of nonverbal 

reasoningat the p < .01 level of significance. Receptive language accounted for 7.7% of the 

variance in mental flexibility and 18% of the variance in nonverbal reasoning.  

CHAPTER V 

DISCUSSION 

 This chapter contains a discussion of the current study and includes five sections: (1) 

summary of the current study, (2) discussion and implications of the results, (3) delimitations and 

limitations of the current study, (4) directions for future research, and (5) conclusions.  
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Summary of the Study 

 The purpose of the current study was to investigate the predictive relationship between 

measures of language including the Peabody Picture Vocabulary Test, Fifth Edition (PPVT-5; 

Dunn, 2019) and Expressive Vocabulary Test, Third Edition (EVT-3; Williams, 2019) and 

executive functioning from the Delis-Kaplan Tests of Executive Functions (D-KEFS; Delis et al., 

2001) to a measure of nonverbal intellectual functioning with a limited research base, the Leiter 

International Performance Scale, Third Edition (Leiter-3; Roid et al., 2013a) in a sample of non-

referred college-aged students enrolled at a large midwestern university. The PPVT-5 was 

chosen to measure receptive language, while the EVT-3 was selected to measure expressive 

language. The D-KEFS subtests measured verbal and visual cognitive set-shifting, verbal 

inhibition, and verbal fluency. The Leiter-3 measured nonverbal intelligence, mental flexibility, 

visual scanning, fluid reasoning, and nonverbal reasoning. The current study aimed to determine 

if clinicians should be cautious about administering a nonverbal intelligence test to patients with 

language and/or executive function deficits. If indeed measures of language and executive 

functioning predict performance on this measure of nonverbal intelligence, this would suggest 

shared variance which should result in caution for clinicians for diagnoses, prognoses, and 

recommendations based on what they may have thought was a nonverbal intellectual deficit only. 

Currently, there is limited literature investigating if language and executive functioning can 

predict nonverbal intelligence. The present study expanded the research on the predictive 

relationship between language, executive functioning, and nonverbal intelligence.   

The predictive relationship between language and executive functions to nonverbal 

intellectual functioning was investigated by using multiple and multivariate regressions.  
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Multiple Regression 

The multiple regression analyzed if language and executive functions predicted NVIQ. 

Overall, the results of the multiple regression demonstrated that executive functioning was not a 

predictor of NVIQ, while results were mixed regarding the predictive abilities of language on 

NVIQ. Two models were analyzed. Previous research was used to make an apriori decision on 

the formation of two models. The first model ascertained if receptive language and visual 

cognitive set-shifting, because they have shown a relationship with nonverbal cognitive abilities 

in previous research. The second model, containing all the predictive variables, including 

receptive language, expressive language, visual cognitive set-shifting, verbal inhibition, verbal 

cognitive set-shifting, and verbal fluency, was analyzed since previous research has not been 

completed to see if the addition of more verbal cognitive abilities predict variance in nonverbal 

intellectual functioning. The first model (receptive language and visual cognitive set-shifting) 

was a predictor of the NVIQ and accounted for 18.9% of the variance. Follow-up univariate 

regressions noted receptive language was the only predictor of NVIQ, while visual cognitive set-

shifting did not add variance to the first model (receptive language and visual cognitive set-

shifting). The second model (receptive language, expressive language, visual cognitive set-

shifting, verbal inhibition, verbal cognitive set-shifting, and verbal fluency) was not found to 

predict the NVIQ. This showed that more verbal cognitive abilities did not predict nonverbal 

intellectual functioning.   

Multivariate Regression 

The multivariate regression analyzed if language and executive functions predicted an 

array of nonverbal cognitive abilities that constitute the NVIQ in the Leiter-3. This was 

completed because the four subtests from the Leiter-3 that were analyzed may load differently 
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from one another on the NVIQ, thus they might have a different amount of variance predicted by 

language and executive functions. Factor analysis of the 17-29 age band using the general “g” 

derived by combining the subtests, Figure Ground (visual scanning), Form Completion (mental 

flexibility), Classification/Analogies (fluid reasoning), Sequential Order (nonverbal reasoning), 

Visual Patterns, Forward Memory, Reverse Memory, Attention Sustained, and Nonverbal Stroop 

Incongruent Correct found that the Form Completion (.185) and Sequential Order (.179) subtests 

loaded slightly higher on “g” than Classification/Analogies (.135) and Figure Ground (.163). 

This could be suggestive that mental flexibility and nonverbal reasoning would also load higher 

on the NVIQ compared to visual scanning and fluid reasoning.  

The multivariate regression noted only one independent variable (receptive language) 

predicted two dependent variables (mental flexibility and nonverbal reasoning), otherwise no 

other predictions were found; this included that expressive language and all executive functions 

were not predictors of any of the subtests. Moreover, this shows that only receptive language 

predicted some nonverbal cognitive abilities that make up the NVIQ in the Leiter-3, while 

expressive language and verbal and visual executive functions did not. Receptive language 

accounted for 7.7% of the variance in mental flexibility and 18% of the variance in nonverbal 

reasoning.   

Discussion and Implications of the Findings 

Discussion 

 The current study examined the predictive relationship between tests of language, 

executive functioning, and nonverbal intelligence in a college-aged population. There is a dearth 

of literature investigating the predictive relationship between language and executive functioning 
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with nonverbal intellectual functioning, as well as inconsistencies between studies that have 

researched their relationship. This study aimed to determine if specific language (PPVT-5 and 

EVT-3) and executive functioning (D-KEFS Trail Making Test, Color-Word Interference, and 

Verbal Fluency) measures that are commonly used in psychological and neuropsychological 

practice predicted any of the variance in one of the newest nonverbal intelligence tests (Leiter-3). 

Although some research has shown a positive predictive relationship between various language 

measures and nonverbal intelligence (Bell et al., 2001; McDuffie et al., 2012; Vance et al., 

1989), the vast majority has been with measures of receptive language and were completed over 

a decade ago. Measures of executive functioning, including from the D-KEFS, have been 

extensively researched; however, at this time there was no published research indicating if 

measures of executive functions predict any of the variance in nonverbal intellectual functioning. 

The research does, however, support the idea that similar neuroanatomical areas are activated 

when completing both nonverbal intellectual functioning and certain types of executive 

functioning tests.  This does suggest there could be some shared variance between these two 

constructs.  

 Overall, the results of the current study are mostly consistent with the initial hypotheses. 

An examination of the first research question, “To what degree do expressive language (EVT-3), 

receptive language (PPVT-5), visual cognitive set-shifting (Trail Making Test), verbal inhibition 

and verbal cognitive set-shifting (Color-Word Interference), and verbal fluency (Verbal Fluency) 

predict fluid reasoning (Classifications and Analogies; Leiter-3), visual spatial skills (Form 

Completion; Sequential Order; Leiter-3), and visual scanning abilities (Figure Ground; Leiter-

3),” evaluated if one independent variable predicted any dependent variables by analyzing a 

multivariate regression. Receptive language was found to have a large effect size and predict 
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7.7% of the variance in mental flexibility. Receptive language also had a medium effect size and 

predicted 18% of the variance in nonverbal reasoning. This shared variance is not surprising 

given the literature. Bell and colleagues (2001) demonstrated that the Wechsler Adult 

Intelligence Scale, Third Edition (WAIS-III; Wechsler, 1997) Perceptual Organization Index 

(POI), which is an index that measures visual-spatial organization and visual-motor skills 

completed in a time limit, and the Peabody Picture Vocabulary Test, Third Edition (PPVT-3; 

Dunn & Dunn, 1997) were correlated in a college-aged population; however, the results were not 

correlated for the PPVT-3 and the Performance IQ index (PIQ), which is a measure of nonverbal 

skills, visual spatial skills, and processing speed and is comprised of the Perceptual Organization 

and Processing Speed indexes. This showed receptive language can be a predictor of visual 

spatial skills in the absence of Processing Speed, which is what happens when deriving the PIQ 

compared to the POI. In support with these findings in the literature, using a multiple regression 

analysis, the current study found that receptive language predicted NVIQ, which is comprised of 

subtests measuring various nonverbal skills and visual spatial skills without an emphasis on 

processing speed. This is not surprising because to complete nonverbal tasks, one must 

understand the gestured instructions displayed by the examiner, which involves the use of 

receptive language skills, as well as previous research indicating receptive language is related to 

nonverbal intellectual functioning (McDuffie et al., 2012; Vance, West, & Kutsick, 1989. 

Previous research has also shown that receptive language is a strong predictor of overall 

intellectual functioning in more traditional intelligence tests (Snitz, Bieliauskas, Crossland, 

Basso, & Roper, 2000). This shows receptive language is able to predict, to some degree, both 

general intellectual functioning (“g”) and nonverbal intellectual functioning.  
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 The second research question and hypothesis, analyzed by a multiple regression, 

suggested receptive language and visual cognitive set-shifting would predict variance in the 

NVIQ, while expressive language, verbal fluency, and verbal inhibition and cognitive set-

shifting would not. The model containing receptive language and visual cognitive set-shifting 

(PPVT-5 and D-KEFS Trail Making Test, Condition 4 respectively) was found to predict 18.9% 

of the variance in NVIQ performance. Receptive language and NVIQ scores were found to be 

positively correlated with a medium effect size according to a follow-up univariate regression. 

Another univariate regression was completed to determine if visual cognitive set-shifting was 

correlated with NVIQ. It was found that the visual cognitive set-shifting and NVIQ were not 

correlated.  A second model containing receptive language (PPVT-5), verbal inhibition (D-KEFS 

Color-Word Interference, Condition 3), visual cognitive set-shifting (D-KEFS Trail Making 

Test, Condition 4), expressive language (EVT-3), verbal fluency (D-KEFS Letter Fluency – 

Verbal Fluency; D-KEFS Category Fluency – Verbal Fluency), and verbal cognitive set-shifting 

(D-KEFS Color-Word Interference, Condition 4) did not predict NVIQ performance. Although 

previous research indicated visual cognitive set-shifting and nonverbal cognitive abilities activate 

similar areas of the brain, such as the frontal lobe, cerebellum, and frontal-parietal network 

(Nejati, Salehinejad, & Nitsche, 2018; Rigoli et al., 2012; Shaw et al., 2015), no published 

research has yet indicated visual cognitive set-shifting and NVIQ were correlated. This shows 

that just because two tests activate similar areas of the brain does not mean they will predict each 

other.  Perhaps the primary reason a relationship was not uncovered in these variables relates to 

the how test scores for each are determined.  The visual cognitive set-shifting task’s score is 

based on how fast one can complete the task, while the subtests that made up the NVIQ were all 

untimed and are based on accuracy. Future research could analyze the relationship between 
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NVIQ and process scores from the visual cognitive set-shifting task, such as the error rates since 

the error score is not derived from how fast one can complete the task. Consistent with previous 

research though, receptive language was found to predict the NVIQ. McDuffie and colleagues 

(2012) and Vance and colleagues (1989) found that receptive language was related to nonverbal 

intelligence in various populations. To  complete tasks that comprise a NVIQ score, one must be 

able to understand instructions even if they are administered nonverbally.  This suggests that 

perhaps participants are using subvocal or silent components of language-based problem solving.  

Implications for Clinical Practice 

 The current study provides insight into the predictive relationship between language, 

executive functioning, and nonverbal intelligence. This study adds to the literature regarding the 

understanding of how various psychological tests are related to one another, so the best decisions 

can be made when determining what tests to include in a battery as well as to interpret those 

tests. Given receptive language was found to predict variance inNVIQ through a multiple 

regression, as well as predict variance in the mental flexibility and nonverbal reasoning through a 

multivariate regression, clinicians should be cautious with interpreting the Leiter-3 as a pure 

nonverbal measure which is not influenced by the examinee’s receptive language ability.  There 

are numerous referral questions psychologists and neuropsychologists may encounter where 

administering a typical intelligence test, such as the Wechsler Adult Intelligence Scale, Fourth 

Edition (WAIS-IV; Wechsler, 2008), would be inappropriate, such as for individuals with Level 

3 Autism Spectrum Disorder, Wernicke’s or transcortical sensory aphasias, and other conditions 

associated with aphasia. These may be instances in which the Leiter-3 would be administered 

instead, since it purports to not consider the patient’s language functioning; however, the current 

study demonstrates that various scores on the Leiter-3 share variance with receptive language. 
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Thus, clinicians need to engage in a system of checks and balances when determining which 

intelligence test to administer to patients. Based on these results, the Leiter-3 would not be 

appropriate to administer or interpret at face value if the intake, behavioral observations, and test 

results all corroborate that the patient has a receptive language deficit. If the Leiter is measuring 

receptive language per these findings, clinicians  would inadvertently be measuring receptive 

language pathology on the Leiter-3 in not only the NVIQ score, but multiple subtest scores. If 

there only appears to be a BA 44 lesion and BA 22 is spared, then the Letier-3 would be an 

acceptable test to administer and interpret.  

 The current study also yielded a non-predictive relationship between expressive 

language, verbal fluency, visual and verbal cognitive set-shifting, and verbal inhibition, and 

nonverbal intellectual functioning. This indicates clinicians should evaluate these constructs 

using separate test instruments when working with a population similar to the studied non-

referred college-aged population. While it was somewhat surprising that visual cognitive set-

shifting was not associated with nonverbal intellectual funding, there is a body of literature that 

does suggest minimal shared variance between general intellectual functioning and executive 

functions (Davis, Pierson, & Finch, 2011; Engelhardt et al., 2016).  Clinicians should also be 

aware that using instruments that measure a patient’s expressive language or that uses expressive 

language to complete test items would not be appropriate for every referral concern or patient 

population, such as those who are nonverbal. This is where a nonverbal intelligence test, such as 

the Leiter-3, would be helpful to administer in order to gain insight into the patient’s cognitive 

functioning, since it appears the Leiter-3’s nonverbal intelligence score is not predicted by 

expressive language or verbal executive functioning.    
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 Additionally, when developing recommendations to aid patients in maintaining or 

improving their daily living skills and other functioning, it is beneficial for clinicians to assess a 

variety of cognitive abilities to determine a patient’s strengths and weaknesses. Only assessing 

nonverbal intelligence or expressive language would not be as useful as having access to a 

patient’s expressive language, nonverbal intelligence, and executive functioning abilities when 

attempting to devise recommendations.   

Delimitations and Limitations of the Study 

Delimitations  

 The present study represents one of the first predictive analyses of the Leiter-3 with 

various other psychological constructs, including language and executive functioning. This study 

aided in better understanding what nonverbal intellectual functions are measuring. The Leiter-3 

itself has an extensive normative sample that ranges from age three to 75+ years, which increases 

its use across different age groups. The PPVT-5 (receptive language) and EVT-3 (expressive 

language) were also chosen due to their extensive normative samples (two years six months to 

90+ years), the fact that they were co-normed, they are the newest editions of their respective 

tests, and because they are two of the most researched receptive and expressive language 

batteries available. These factors allowed for the most up-to-date information on these constructs 

in the current study.  

Furthermore, the current sample assessed neurotypical college-aged students, who aided 

in assessing these constructs independent of significant neurological concerns. It is important to 

understand the relationship of these variables in neurotypical individuals prior to interpreting 

them in neurologically impaired individuals to ensure the construct validity of the measures.   
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The current participants’ mean scores from the Leiter-3, PPVT-5, EVT-3, and D-KEFS fell 

within the average range, which suggests the sample performed similarly to a neurotypical adult-

aged population. Since the studies’ sample performed similarly to a neurotypical population, the 

results can be better generalized to a college-aged population compared to if the sample’s scores 

were atypical. Additionally, the current sample includes some participants with various mental 

health diagnoses, which aids in its generalizability to other similar aged non-referred samples. In 

total, 5.9% of participants self-disclosed a diagnosis of a learning disability and 9.8% had a 

diagnosis of attention-deficit/hyperactivity disorder. According to the DSM-5, the prevalence of 

attention-deficit/hyperactivity disorder is 2.5% in adults, while approximately 4% of adults have 

a specific learning disability (APA, 2013). This indicates the current studies’ sample is consistent 

with the general population for how many individuals were diagnosed with a learning disability, 

but the sample had a greater number of individuals with a diagnosis of attention-

deficit/hyperactivity disorder. 29.4% had a history of a traumatic brain injury or concussion. 

According to a meta-analysis completed in 2013, approximately 12% of the general adult 

population has sustained a traumatic brain injury at some point in their lives (Frost et al., 2013); 

however, this statistic is likely to be lower than the true prevalence due to many traumatic brain 

injuries going unreported and undiagnosed. Although the number of participants who self-

disclosed their diagnoses of learning disabilities, attention-deficit/hyperactivity disorder, and 

traumatic brain injuries was too small to analyze with respect to the assessment data, the 

inclusion of these participants helps to generalize the sample to the general college-student 

population.  
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Limitations  

 Within this study, there were several limitations. The overall sample size could have been 

larger (n = 51). A larger sample could have changed the results. The sample also consisted of 

only college-level students who spoke English. Due to this, it is unclear if the results would be 

consistent across a pediatric or geriatric sample, as well as with tests that are normed in other 

languages. This studies’ sample was not ethnically diverse or equal across genders. Nearly two-

thirds of the sample self-disclosed as Caucasian and female, making it unclear if the results 

would be similar across different ethnicities and with a more even breakdown of genders.  

Although the overall sample had a low incidence of self-disclosed ADHD and learning 

disabilities, the percentage of those who have been diagnosed with a TBI or concussion exceeded 

a 25%. Although the students were able to attend college, it is possible some effects of the 

psychiatric and other medical diagnoses were reflected in the test scores which could make the 

results less generalizable to the general public. Not enough information was collected on the 

participants TBIs and concussions to determine any correlations in test scores.  

 Another potential limitation of the current study is that the Leiter-3 was the only measure 

of nonverbal intelligence assessed. It is unclear if other tests that purport to measure nonverbal 

intelligence would have come out with similar results to the present study. Similarly, although 

three subtests from the D-KEFS were administered to each participant, not all the scores that 

could have been analyzed were included. This was determined to be the most appropriate course 

of action based on what was thought to be most relevant to the studies’ research questions. 
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Directions for Future Research 

 As discussed in this document, research on measures of nonverbal intelligence is scarce. 

Although this study demonstrated that the Leiter-3’s NVIQ score shared variance with receptive 

language by analyzing a multiple regression, research still needs to be conducted to determine if 

other measures of nonverbal intellectual functioning share variance with various types of 

language and executive functions. Future research should aim to analyze multiple different tests 

that purport to measure nonverbal intellectual functioning, as well as use various measures of 

language and executive functions since this study only used the PPVT-5, EVT-3, Leiter-3 and D-

KEFS. For example, the Naglieri Nonverbal Ability Test, Third Edition (NNAT-3; Naglieri, 

2016), Comprehensive Test of Nonverbal Intelligence, Second Edition (CTONI-2; Hammill, 

Pearson, & Wiederhold, 2009), Universal Nonverbal Intelligence Test, Second Edition (UNIT-2; 

Bracken & McCallum, 2016), Clinical Evaluation of Language Fundamentals, Fifth Edition 

(CELF-5; Wiig, Semel, & Secord, 2013), Comprehensive Assessment of Spoken Language, 

Second Edition (CASL-2; Carrow-Woolfolk, 2017), Boston Naming Test, Second Edition (BNT-

2; Kaplan, Goodglass, & Weintraub, 2001),  Developmental Neuropsychological Assessment, 

Second Edition (NEPSY-II; Korkman, Kirk, & Kemp, 2007), and the Wisconsin Card Sorting 

Test (WCST; Grant & Berg, 1981).  

 Additionally, research is needed with various populations to increase the generalizability 

of the results. The current study was made up of college-aged students where the majority self-

identified as Caucasian and female. Future research should include a sample that is more 

representative of the U.S. population, as well as various age ranges. This would include 

analyzing both a pediatric population and geriatric population to see if the results would be 

consistent across age ranges.  
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 Future research should consider these variables with a larger sample size to have a greater 

likelihood of detecting effects from the tests administered. This can aid in reducing type I and 

type II error.  

 There were participants in this study who self-disclosed a diagnosis of learning disorders, 

attention-deficit/hyperactivity disorder, and a history of traumatic brain injuries although all 

participants were attending college. Additional research is needed in clinical/referred populations 

to determine if nonverbal intellectual functioning shares variance with language and executive 

functions. It is possible that analysis of patients with different diagnoses will produce various 

results, thus aiding clinicians in determining which test is best suited for their patient. The 

current study assessed language and nonverbal intellectual functioning using untimed measures; 

however, all three executive functioning measures were timed. Future research could assess a 

clinical population with processing speed deficits to determine if an untimed nonverbal 

intellectual functioning measure shares variance with untimed language measures and timed 

executive function measures in this population. This would help determine if processing speed 

was a factor in how much variance is shared between the measures.   

Conclusions 

 The results of the current study suggest that within a non-referred college-aged 

population, there is shared variance between receptive language and a composite of nonverbal 

intelligence, but not executive functions or expressive language with nonverbal intelligence. 

Results also indicated there is shared variance between receptive language and visual 

processing/visual spatial skills, but not executive functions and expressive language. One 

possible explanation for why there was shared variance between receptive language and visual 

processing/visual spatial skills is that to complete both a nonverbal task and receptive language 
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task, one must understand the instructions being presented (either verbally or via nonverbal 

interpretive gestures). 

 Implications of the current study suggests that when working with a similar sample, 

clinicians should administer separate tests to assess nonverbal intellectual functioning and verbal 

fluency, verbal inhibition, verbal cognitive set-shifting, and visual cognitive set-shifting. 

Clinicians should also be vigilant about interpreting the Leiter-3 as a purely language-free 

measure and indeed future studies should examine performance on the Leiter with patients with 

severe receptive language deficits.  
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