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SUMMARY 

 The objective of this study was to develop new, ecologically valid measures of adult 

intelligence that are representative of tasks that adults might encounter in their everyday 

lives. In order to accomplish this objective, 59 undergraduate students (35 male, 24 female) 

completed three hands-on, experimental tasks that were designed to be realistic and sample 

a variety of abilities. The three tasks were the construction of a paracord keychain, the 

assembly of an IKEA chair, and the development and presentation of a “traffic calming” 

solution. In order to maximize ecological validity of these tasks, participants were provided 

with access to the Internet so that they could utilize the full extent of resources that would 

have been at their disposal had they completed the task outside of a laboratory environment. 

While the results of the study were somewhat mixed in regard to specific hypotheses, they 

do highlight a gap between real-world intellectual performance and traditional ability 

assessment, as indicated by moderate and weak correlations between abilities and task 

performance. Results also suggest a moderate role of non-ability traits and proximal 

variables in determining task performance. Implications are discussed for the practical 

utility of intelligence testing and the importance of developing more realistic measures of 

human abilities. 
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CHAPTER 1. BACKGROUND AND LITERATURE REVIEW 

Intelligence tests have evolved from measures that were originally designed to 

predict the future academic performance of children and identify children with intellectual 

disabilities (Binet & Simon, 1905; Terman, 1916). However, a disconnect has developed 

between what intelligence tests were designed for and how they have been used 

(Ackerman, 2017). While intelligence tests were designed to be used as predictor variables, 

it has become common for researchers and practitioners to use intelligence assessments as 

criterion variables. My review highlights the source of the historical disconnection 

between the purpose of intelligence assessment and practical utility that informs the need 

to develop more relevant measures of intellectual abilities within the context of adult 

populations. I proceed to review research that has investigated how people approach hands-

on tasks and gather information from a variety of sources in order to solve problems. 

Finally, I introduce an experiment designed to identify gaps between traditional 

intelligence tests and intellectual performance in realistic settings and draw upon an 

investment model of intelligence (Ackerman, 1996) to hypothesize the influence of ability 

and non-ability traits on task performance. 

1.1 The Criterion Problem in the Assessment of Adult Intelligence 

Early intelligence tests were largely successful in predicting academic 

performances of children (Binet & Simon, 1905; Terman, 1916). However, as history has 

progressed researchers have shifted their focus to determining what predicts intelligence 

test performance rather than what intelligence tests predict. For example, a series of studies 

led investigators to conclude that enrollment in university-run nursery school generally 
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raised intelligence quotient (IQ) scores, especially for individuals who had low IQ scores 

before enrollment (Wellman, 1940). While the findings were likely a statistical artifact, the 

result of regression-to-the-mean effects (McNemar, 1940), the design is characteristic of 

the criterion problem associated with intelligence testing because the researchers did not 

actually examine school performance. More recently, a study conducted by Brinch and 

Galloway (2012) suggested that compulsory schooling of Norwegian adolescents has led 

to increased intelligence quotient (IQ) scores among the population. Ackerman (2017) 

argued that the more relevant questions that studies such as these should investigate are 

whether university-run nursey schools or compulsory schooling of adolescents enhance 

future academic performance. If these interventions enhance IQ scores but do not enhance 

future academic performance, then the interventions are of little use given that IQ scores 

are designed to predict academic performance but are not themselves measures of academic 

performance. 

Similarly, standardized tests such as the SAT or GRE are aptitude tests that are 

designed to predict future academic success of students who apply to undergraduate or 

graduate education programs, respectively. The academic system has been plagued by a 

similar criterion problem in which an emphasis has been placed on achieving the highest 

possible standardized score, as evidenced by the United States standardized test preparation 

industry that is predicted to reach value of $32.13 billion in 2021 (Technavio, 2017). This 

trend characterizes an issue similar to the of IQ testing – predictor variables are being used 

as criterion variables. Researchers as well as practitioners are interested in investigating 

what leads to higher scores rather than what higher scores predict.  

1.2 The Need to Develop More Relevant Measures of Adult Intelligence 
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By focusing on what might predict higher scores on intelligence and ability tests, 

researchers and practitioners have lost sight of the most important question surrounding 

intelligence and ability testing; namely what behaviors or outcomes do intelligence 

measures predict in the real world? Ackerman (2017) called for future research to focus on 

developing sufficient criterion measures of adult intelligence that are representative of 

intellectually demanding tasks that adults are likely to encounter in their daily lives, 

whether in work or non-work domains. Initial empirical evidence of the need for such 

measures was illustrated by the findings of a study conducted over 60 years ago. Demming 

and Pressey (1957) grew dissatisfied with the contradiction that ability test scores decline 

with age, yet experience typically enhances performance in many domains. As a result, 

they designed tasks thought to be “indigenous” to adults and examined their relationships 

with several traditional tests of intellectual ability. They found that while younger adults 

outperformed older adults on the traditional measures of intelligence (e.g., the Army Beta 

test, Otis tests, Minnesota Paper Form Board), older adults outperformed younger adults 

on tasks that were more relevant to daily life (e.g., locating information in a phone book, 

understanding common legal terms, knowing which occupations to turn to for particular 

services) (Demming & Pressey, 1957).  

While Demming and Pressey’s work shed light on the need to evaluate the influence 

of intelligence on tasks “indigenous” to adults, the tasks that they investigated are no longer 

encountered by the typical adult. With advances in technology, a large majority of the adult 

population no longer needs to locate information in a phone book, understand complex 

legal terms, or memorize which occupations to turn to when services are needed. Such 

information is now easily accessible through the Internet. This study builds upon Demming 
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and Pressey’s (1957) work by creating tasks that are designed to be “indigenous” of 

modern-day adults and answers the call to assess the relationship between intelligence and 

how adults approach and solve cognitively-demanding tasks in their daily lives (Ackerman, 

2017). 

1.3 Real-World Task Performance 

The initial goal of this research was to develop a sample of tasks that are 

representative of the types of intellectually demanding activities that adults are likely to 

confront in the context of modern life (i.e., outside contexts such as school or the 

laboratory). While past research on the relationship between intellectual abilities and 

hands-on, real-world tasks is sparse, there are two areas in psychological literature that are 

relevant to the context of the current study. In the following two sub-sections, I review the 

literature on research that has investigated assembly tasks and the ability of adults to assess 

and integrate information from various sources.  

1.3.1 Research on Assembly Tasks 

Assembly tasks are one example of an ecologically valid, intellectually demanding 

task. Many adults encounter the need to assemble objects from multiple component parts 

at some points their lives. Prominent examples include assembling a piece of furniture for 

a living room or constructing a swing set for a yard. The strategies that adults use to 

complete such tasks and the quality of the final product is likely a function of individual 

differences in knowledge, ability, and non-ability traits. Researchers have used assembly 

tasks in experimental contexts to gain a better understanding of what factors determine 

whether or not people can efficiently and accurately construct a target object. This research 
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has typically focused on how different types of instructions influence task assembly 

performance (Daniel & Tversky, 2012; Fiorella, von Gog, & Hoogerheid, 2017; Morrell & 

Park, 1993; Novick & Morse, 2000; Wiking et al., 2016), how assembly task characteristics 

influence the difficulty of the task (Richardson, Jones, & Torrence, 2004; Richardson, 

Jones, Torrence, & Baugley, 2004), and how intellectual abilities influence task 

performance (Daniel & Tversky, 2012; Morell & Park, 1993). 

The majority of empirical research utilizing assembly tasks has focused on how 

participants use and interpret different types of instructions. Findings have indicated that 

people find both text-based instructions and diagram-based instructions useful (Daniel & 

Tversky, 2012) and make fewer errors when they are provided with both types of 

instructions rather than one or the other (Morrell & Park, 1993; r = 0.27). Additionally, 

people are less likely to make errors when they are provided with step-by-step instructions 

rather than diagrams of completed objects (Wiking et al., 2016, d = 0.61). Recently, 

Fiorella and colleagues (2017) extended the study of instructions to assess how 

characteristics of instructional videos (e.g., the perspective from which they were filmed), 

rather than text or diagrams, impact individuals’ abilities to complete assembly tasks.  

Another stream of research has investigated how particular assembly task 

characteristics influence the task’s perceived difficulty level. Richardson and colleagues 

(2004, 2006) used hierarchical task analysis to identify a series of task characteristics that 

determine the difficulty of an assembly task (e.g., number of fastening points, number of 

novel assemblies) and linked the majority of the task characteristics to how participants 

read instructions (β novel assemblies = 0.32, β fastenings = 0.15, β component groups = 0.12,  βfastening 

components = -0.087) and how long participants spent thinking before attempting assembly 
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tasks (β fastening components = 0.34, β novel assemblies = 0.30,  β selections = 0.25, β symmetrical planes = -

0.28). 

Three of the studies previously mentioned are particularly relevant to the current 

study because they included investigations of the influence of individual differences in 

cognitive ability on assembly task performance. Morell and Park (1993) found that age-

related differences in assembly errors were attributed to differences in working memory 

ability (r spatial working memory, errors = -0.32, r verbal working memory, errors = -0.28) and text 

comprehension (average r = -0.22). Two other studies indicated the importance of spatial 

ability in assembly task performance. The Wiking et al. (2016) study was designed to 

investigate IKEA’s claim that women are more effective in assembling their furniture than 

men because women are more likely to read the instructions. The findings refuted the claim 

by showing that men assembled an IKEA kitchen trolley faster (r = 0.34) and more 

accurately (r = 0.33) than women. The crucial component of the experiment was that 

gender differences in assembly time and accuracy were accounted for by scores on the 

Mental Rotation Task (MRT; Peters et al., 1995), a traditional assessment of spatial ability 

(Wiking et al., 2016; r = 0.48). Similarly, Daniel and Tversky (2012) found that individuals 

higher in spatial ability assembled a television stand faster than individuals lower in spatial 

ability (r = 0.56). 

1.3.1.1 Gaps 

While past research has provided evidence for the influence of instruction 

characteristics, task characteristics, and cognitive ability on assembly task time and quality 

of completed objects, there are two significant gaps in the literature that pertain to this 

study. First, many of the tasks that have been studied in experimental studies are somewhat 
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artificial. Assembling models of electrical circuits (Fiorella et al., 2017), origami objects 

(Novick & Morse, 2000), or three-dimensional objects constructed from Lego blocks and 

pieces of foam board (Morell & Park, 1993) are not tasks that are representative of what 

adults are likely to encounter in their everyday lives.  

Second, the studies that did use realistic tasks did not allow participants access to 

resources that would be available to them if they were completing the task outside of a 

laboratory environment.  For example, studies have investigated how people assemble 

furniture using instructions that were provided to them (Daniel & Tversky, 2012; Wiking 

et al., 2016). However, adults are no longer limited to the instructions that furniture 

companies provide. They have access to additional resources on the Internet including 

demonstration videos, forums, and diagrams that may aid in assembly. This study aimed 

to address these gaps by investigating the influence of individual differences in abilities, 

personality, and self-concept on speed and accuracy of assembly tasks that adults are likely 

to encounter with access to resources that would be at their disposal outside of a laboratory 

environment. 

1.3.2 Research on Assessing and Integrating Information 

Given the vast array of resources that adults can use to accomplish intellectually 

demanding tasks, it is important to understand how intellectual abilities are related to the 

efficacy of navigating these resources. A philosophical theory called the “extended 

cognition hypothesis” proposes that cognition is not limited only to humans’ minds, but 

can be extended to their environment and the tools that they use, such as technology 

(Rowlands & Mark, 1999). While this theory lacks empirical evidence and has been 

challenged (Rupert, 2004), it highlights the importance of investigating the relationship 
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between intellectual abilities and the use of technological resources.  In this sub-section, I 

review past research that has studied the ability to comprehend and integrate information. 

I begin with a review of investigations of how people integrate information from sources 

provided to them before I proceed to discuss investigations of Internet search abilities.  

1.3.2.1 Comprehension/Integration of Provided Resources 

Different types of intelligence have been linked to a person’s ability to understand 

information that is presented to him or her. Intelligence has traditionally been divided into 

process-related intelligence (i.e., fluid intelligence) and content-related intelligence (i.e., 

crystalized intelligence) (Cattell, 1963). Both types of intelligence have been linked to how 

humans understand information that is presented to them. Meta-analytic findings suggest 

that two indicators of fluid intelligence, attention and verbal working memory, have the 

strongest correlations with reading comprehension levels (Carretti, Borella, Cornoldi, & 

De Beni, 2009; r verbal WM, comprehension = 0.41, r WM updating measure, Comprehension = 0.37). Domain 

knowledge, a specific component of crystalized intelligence, has been linked to both 

reading and viewing comprehension of variety of topics (Schroeders et al., 2013; β = 0.78).  

 In order to navigate an array of resources for the purposes of developing an 

approach or solution to a task, it is necessary to integrate information from multiple 

sources. A descriptive model called the Multiple Document Task-Based Relevance 

Assessment and Content Extraction Model (MD-TRACE Model) identified five core 

processes that individuals use during functional reading: the construction of a task model, 

the assessment of one’s information needs, the selection/processing/integration of 

information, the construction of a task product, and the assessment of product quality 

(Rouet & Britt, 2011). 
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1.3.2.2 Internet Search Abilities 

While there has been extensive research on how people evaluate and understand 

information from sources that are provided to them, there is significantly less research on 

how individuals evaluate and understand information as they search the Internet. A 

descriptive model has been proposed that describes the skills that people use to solve 

problems with information that they find on the Internet (Brand-Gruwel, Wopereis, & 

Walraven, 2009). Through three studies involving think-aloud methodologies, Brand-

Gruwel and colleagues identified the following constituent skills as essential in the Internet 

information problem solving process: defining the information problem, searching for 

information, scanning information, processing information, and organizing/presenting 

information. The authors also proposed that regulatory (orientation, monitoring, steering, 

and evaluating) and conditional skills (reading skills, evaluating skills, and computer skills) 

can offset a lack of prior knowledge throughout the process.  

Past research that is most analogous to the purposes of this study investigated the 

relationships between fluid intelligence, crystalized intelligence, and digital literacy 

(Moehring, Schroeders, Leichtmann, & Wilhelm, 2016). Prior to this study, assessments 

of the capability to solve problems using the Internet took place in artificial contexts. For 

example, the Educational Testing Service iSkills Assessment used simulation software to 

assess cognitive problem-solving skills and critical thinking skills while using the Internet 

(Katz, 2007). However, Moehring and colleagues conducted two experiments that used a 

more ecologically valid context. Participants in the studies were given a series of medical 

and health-related questions and given a time limit to search the Internet for the information 

required to answer the question. Items ranged from asking participants to identify 
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symptoms of a disease to asking participants to identify the name of a surgical intervention 

depicted by an X-ray image. Results from the first experiment indicated that fluid 

intelligence, and to a lesser extent crystalized intelligence, played a significant role in 

determining task performance (r fluid = 0.78, r crystalized = 0.46) and that crystallized and fluid 

intelligence combined to account for 83% of the variance in performance. When domain-

specific health knowledge was included in the second experiment, it was the strongest 

predictor of performance (β = 0.81).  

1.3.2.3 Gaps 

There has been significantly more research on how people understand and assess 

sources of provided information than on how effectively people search for relevant 

information on the Internet. Additionally, the majority of investigations of search abilities 

have taken place in an environment that is not ecologically valid. Only one study has 

assessed the relationship between individual differences in knowledge, ability, and 

performance on an information-seeking problem using the Internet (Moehring et al., 2016). 

While this investigation sheds light on the relationships between intellectual processes, 

prior knowledge, and digital literacy, the tasks assessed are not likely to be encountered by 

most adults. Medical professionals might be tasked with identifying symptoms of a disease 

or identifying a surgical procedure depicted on an X-ray image, but that is only a small 

portion of the adult population.  

Additionally, other individual differences besides fluid and crystalized intelligence 

likely influence a person’s performance on problem solving tasks using the Internet. 

Ackerman (1996) proposed a theory that delineated the critical role of non-ability traits in 

adult intellectual development. The theory contained four components: intelligence-as-
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process, personality, interests, and intelligence-as-knowledge (PPIK) (Ackerman, 1996). 

Intelligence-as-process and intelligence-as-knowledge are related to the traditional 

divisions of intelligence into fluid and crystalized categories (Cattell, 1963). However, the 

PPIK framework recognizes that non-ability traits such as personality and interests 

influence the subjects and activities that people invest cognitive effort in, which then 

determine domain-specific knowledge (i.e., intelligence-as-knowledge). Ackerman and 

Heggestad (1997) provided empirical evidence in support of the PPIK framework by 

demonstrating that non-ability traits are in fact correlated with intellectual abilities and by 

identifying trait complexes that include abilities, interests, and personality traits that are 

typically related. Investigating such non-ability traits might lead to a more holistic 

understanding of peoples’ ability to solve problems using different resources.  

The current study addresses these gaps by: 1) investigating the influence of 

individual differences in knowledge and ability on performance on tasks that adults are 

likely to encounter; and 2) by including non-ability traits in the study’s design. 

1.4 The Current Study 

The current study was designed to develop a sample of tasks that are representative 

of the types of cognitively demanding tasks that adults are likely to confront. Specifically, 

the study used three experimental tasks: 1) construction of a paracord keychain; 2) 

assembly of an IKEA “Ingolf” chair; and 3) development/presentation of a solution to a 

traffic calming problem. The ultimate goal of developing these tasks is to predict 

performance on other real-world, cognitively demanding activities by maximizing the 

ecological validity of the tasks studied in a laboratory environment. Initially, the current 

study investigates whether performance on these tasks provides information that has 
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properties unique in comparison to what traditional measures of knowledge and ability 

typically account for. 

This study aimed to address two important gaps in current research. First, many of 

the reviewed studies involve tasks that adults are relatively unlikely to encounter (e.g., 

assembly an electrical circuit model or objects made of Legos and foam board). The tasks 

in the current study were chosen because they are representative of a variety of tasks that 

adults could encounter outside of a laboratory environment. Many adults will likely face 

the challenge of constructing or assembling an object from various components. The IKEA 

chair and paracord keychain were designed to represent such situations. It is also likely the 

adults will encounter situations in which they must solve complex problems that require 

them to gather information needed to develop a solution. The traffic calming problem was 

designed to be an example of such a problem. 

Second, although some tasks outlined in the studies above were representative of 

tasks that are relevant to adults, they were not carried out in contexts that are representative 

of how adults would approach such tasks in the 21st century. Several studies have 

investigated performance on relevant everyday intellectual tasks, but they typically limited 

individuals to constrained resources to support task solution. This study allowed access to 

a range of resources that participants would have access to in the real world including the 

Internet, demonstration videos, instructions, and diagrams. Additionally, participants 

completed the chair assembly task in pairs because adults often enlist help from friends or 

family when completing this task at home. By assessing participants’ ability to complete 

these tasks in a context that is more representative of how they would approach the tasks 
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outside of a laboratory environment, I attempted to identify gaps between what traditional 

intelligence tests measure and performance on real-world intellectual tasks. 

1.5 Hypotheses 

This section contains a series of hypotheses for relationships between task 

performance and traditional measures of intelligence, personality, interests, self-concept, 

motivational traits, prior experience, and task self-efficacy, as well as relationships 

between performance on the individual tasks themselves. The rationale for the strength and 

direction of each hypothesis is described.  

1.5.1 Traditional Measures of Ability 

Traditional measures fluid intelligence and crystalized intelligence are likely to be 

correlated with performance and speed of completion on each of the three tasks. Fluid and 

crystalized intelligence have been previously linked to assembly task performance (Morell 

& Park, 1993), the ability to process information from a multiple sources (Braten et al., 

2011; Rouet et al., 1997), and the ability to solve problems using the Internet (Moehring et 

al., 2016). Accordingly, it was predicted that scores on traditional measures of fluid 

intelligence and crystalized intelligence would be correlated with real-world task 

performance and timing.  

 The utility of this approach to the assessment of adult intelligence was determined 

by the strength of the correlations between task performance and traditional measures. 

Moderate correlations between task performance and traditional measures indicate that the 

tasks provide additional information that is not accounted for by traditional measures, while 

large correlations indicate that they are redundant to traditional measurements and small 
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correlations indicate that the tasks may not be measuring intellectual abilities. Therefore, I 

anticipated moderate correlations between traditional ability measures and task criteria. 

However, I did not expect correlations between crystalized intelligence and task 

performance to be as large as correlations between fluid intelligence and task performance. 

Fluid intelligence typically has a more powerful influence on performance in a restricted 

environment such as a laboratory or a classroom, while crystalized intelligence has a more 

powerful influence on performance in a less restricted environment (e.g., in one’s free time) 

(Beier & Ackerman, 2005). While this study was designed to maximize ecological validity 

and minimize the restriction of the environment, participants were still aware that they were 

being observed and timed during each task they attempted. It was expected that fluid 

intelligence would be more strongly correlated with task performance than crystalized 

intelligence due to the restricted nature of a laboratory environment. According to Cohen 

(1988), a correlation of between 0.10 and 0.29 is considered small, between 0.30 and 0.49 

is considered moderate, and 0.50 or greater is considered large. Based on these criteria, I 

hypothesized a correlation of approximately 0.30 between crystalized intelligence and 

performance and correlations ranging from 0.35 to 0.49 between fluid intelligence and task 

performance.  

 Additionally, I expected that traditional measures of fluid and crystalized 

intelligence would be related to the amount of time spent on each task. I predicted that 

individuals or pairs of individuals with higher levels of abilities and knowledge would 

complete the paracord keychain construction task and the chair assembly task faster than 

individuals or pairs of individuals with lower levels of abilities and knowledge. These 

predictions are justified based on the various theories and investigations that suggest speed 
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is an important component of intellectual performance (Beck, 1933; Thorndike, 1924). 

However, the relationships between ability, knowledge, and time spent on the traffic 

calming task are likely more complex. While I did not expect to see overall differences in 

completion time, I did expect to see differences in how people spend their time during the 

task. For example, individuals with higher levels of ability or knowledge might spend more 

time evaluating resources and developing an ideal solution while individuals with lower 

levels of ability or knowledge might spend more time preparing their PowerPoint 

presentations. All hypotheses associated with time allocation, including ability and non-

ability traits, are exploratory in nature given that there is not sufficient theory to confidently 

predict the direction of such correlations. All specific hypothesis associated with abilities 

traits are depicted Table 1. 
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Table 1 – Hypothesized relationships between abilities and task outcomes. 

 Keychain Quality Keychain Completion Speed Chair Completion Speed Traffic Calming Presentation  

Fluid intelligence Hypothesis 1a 

r = 0.35 to 0.39 

Hypothesis 1b 

r = 0.35 to 0.39 

Hypothesis 1c 

r = 0.35 to 0.39 

Hypothesis 1d 

r = 0.35 to 0.39 

 

Crystallized intelligence Hypothesis 1e 

r = 0.30 

Hypothesis 1f 

r = 0.30 

Hypothesis 1g 

r = 0.30 

Hypothesis 1h 

r = 0.30 

 

Note. All time variables are reverse scored to represent speed. Higher correlations indicate better performance while lower correlations 

indicate worse performance.
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1.5.2 Non-Ability Traits 

In this section, I outline a series of hypotheses predicting relationships between 

non-ability traits and performance on each of the three tasks. I include relationships 

between traits delineated in the PPIK framework (interests and personality), two other non-

ability traits (self-concept and motivational traits), and task performance and timing. While 

I predicted moderate correlations ranging from 0.35-0.49 between traditional measures of 

fluid intelligence and task performance, I did not expect correlations between non-ability 

traits and task performance and timing to be as large. The PPIK framework specifies that 

non-ability traits influence adult intelligence because they determine what people choose 

to invest their cognitive resources in and consequently, the knowledge that they acquire. 

Participants in this study were not given a choice as to which task they preferred to attempt; 

they were instructed to complete all three tasks. Similar to the hypothesized associations 

between crystalized intelligence and task performance, I posited the correlations between 

non-ability traits and task performance to be approximately 0.30; a medium-sized 

association.  

1.5.2.1 Interests.  

The general consensus framework for assessing vocational interests is Holland’s 

model (1963). Holland identified six interest themes: Realistic (individuals who typically 

prefer motor and physical activities), Investigative (individuals who typically prefer 

intellectually engaging activities), Artistic (individuals who “prefer indirect relations with 

others”), Social (individuals who typically prefer activities that involve helping or 

interacting with others), Enterprising (individuals who prefer activities that allow them to 
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utilize persuasive or sales abilities), and Conventional (individuals who typically prefer 

highly structured activities) (Holland 1963).  

Ackerman & Heggestad (1997) delineated relationships between interests and 

measures of intellectual ability. Particularly relevant to the current study, verbal ability is 

associated with Investigative and Artistic interests with effect sizes ranging from r = 0.20 

to 0.37 (Ackerman, Kanfer, & Goff, 1995; Kanfer, Ackerman, & Heggestad, 1996; 

Randahl, 1991; Rolfus & Ackerman, 1996), spatial ability is associated with Realistic 

interests with effect sizes ranging  from r = 0.24 to 0.34 (Ackerman et al., 1995; Kanfer, 

et al., 1996; Randahl, 1991; Rolfus & Ackerman, 1996), and perceptual speed is associated 

with conventional interests with effect sizes ranging from r = 0.15 to 0.16 (Kanfer, et al., 

1996; Randahl, 1991; Rolfus & Ackerman, 1996). In the context of this study, the keychain 

construction task and chair assembly task were expected to require spatial ability and 

perceptual speed while the traffic calming task was expected to require verbal ability. 

Based on empirically established relationships between abilities and interests and the 

expected relationships between abilities and task performance, I hypothesized that 

Realistic and Conventional interests would be associated with performance and timing on 

the keychain construction and chair assembly tasks while Investigative and Artistic 

interests would be associated with performance and timing on the traffic calming task. 

Hypothesized relationships between vocational interest themes and task outcomes are 

depicted in Table 2. 
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Table 2 – Hypothesized relationships between vocational interests and task outcomes. 

 Keychain Quality Keychain Completion Speed Chair Completion Speed Traffic Calming Presentation 

Realistic interests Hypothesis 2a 

r = 0.30 

Hypothesis 2b 

r = 0.30 

Hypothesis 2c 

r = 0.30 

 

 

 

Conventional interests Hypothesis 2d 

r = 0.30 

Hypothesis 2e 

r = 0.30 

Hypothesis 2f 

r = 0.30 

 

 

 

Investigative interests 

 

   Hypothesis 2g 

r = 0.30 

 

Artistic interests    Hypothesis 2h 

r = 0.30 

Note. All time variables are reverse scored to represent speed. Higher correlations indicate better performance while lower correlations 

indicate worse performance.
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1.5.2.2 Personality 

Personality traits also fall under the non-ability “umbrella” and are likely to 

influence outcomes related to the tasks in the current study. In their meta-analysis, 

Ackerman and Heggestad (1997) found 52% of the personality-ability correlations 

investigated to be significantly different from zero. The correlations found between two 

trait complexes and intellectual abilities are particularly noteworthy for the purposes of this 

study. On one hand, openness to experience and typical intellectual engagement (TIE), 

which is one’s “desire to engage and understand their world, their interest in a wide variety 

of things, and their preference for a complete understanding of a complex topic or problem” 

(Goff & Ackerman, 1992), are positively associated with intellectual abilities. On the other 

hand, traits broadly related to neuroticism and psychoticism are negatively associated with 

intellectual abilities.  

Additionally, Ackerman and Heggestad (1997) outlined associations between 

interests and personality. Of particular interest to the current study, conscientiousness is 

positively associated with Conventional interests (Gottfredson, Jones, & Holland, 1993, r 

= 0.25) and openness/TIE is positively associated with Investigative and Artistic interests 

(Kanfer et al., 1996, ropenness/TIE, Investigative = 0.42, ropenness/TIE, Artistic = 0.35). Based on the 

established relationships between personality, interests, and intelligence, I hypothesized 

that performance and timing on the keychain construction and chair assembly tasks would 

be associated with conscientiousness/need for achievement, performance and timing on the 

traffic calming task would be associated with openness/TIE, and performance and timing 

on all three tasks would be associated with neuroticism. 
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 Considering the context in which the chair assembly task is completed, extraversion 

was posited to play a role in task outcomes. Extraversion has been linked to performance 

in team settings (Morgeson, Reider, & Campion, 2005, r = 0.21), likely because teams high 

in extraversion communicate more effectively in order to achieve the desired goal. 

Accordingly, I predicted that extraversion would be associated with performance and 

timing in the chair assembly task because participants completed the task in pairs. 

Hypothesized relationships between personality traits and task outcomes are depicted in 

Table 3. 
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Table 3 – Hypothesized relationships between personality traits and task outcomes. 

 Keychain Quality Keychain Speed Chair Completion Speed Traffic Calming Presentation  

Conscientiousness Hypothesis 3a 

r = 0.30 

Hypothesis 3b 

r = 0.30 

Hypothesis 3c 

r = 0.30 

 

 

 

nAch Hypothesis 3d 

r = 0.30 

Hypothesis 3e 

r = 0.30 

Hypothesis 3f 

r = 0.30 

 

 

 

Openness    Hypothesis 4a 

r = 0.30 

 

TIE  

 

  Hypothesis 4b 

r = 0.30 

 

Neuroticism Hypothesis 5a 

r = -0.30 

Hypothesis 5b 

r = -0.30 

Hypothesis 5c 

r = -0.30 

Hypothesis 5d  

r = -0.30 

 

Extraversion   Hypothesis 6 

r = 0.30 

 

 

Note. All time variables are reverse scored to represent speed. Higher correlations indicate better performance while lower correlations 

indicate worse performance.
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1.5.2.3 Self-Concept 

Another non-ability trait that should be related to task performance is self-concept. 

Self-concept is a person’s beliefs about their general abilities in specific domains 

(Shavelson, Hubner, & Stanton, 1976). It is related to, yet theoretically distinct from other 

types of self-estimates such as self-esteem and self-efficacy (Pajares & Miller, 1994; 

Valentine, DuBois, & Cooper, 2004). Self-esteem is the most general of the three and 

consists of a person’s perception of his or her abilities across different domains (Rosenberg, 

1965), while self-efficacy is the most specific of the three and consists of a person’s 

perception of his or her ability to accomplish a specific task or achieve a specific outcome 

(Bandura, 1977). In terms of scale, self-concept falls between self-esteem and self-efficacy 

(Ellingsen, 2013). It is useful to analyze self-estimates at the level of self-concept given 

that different self-concept domains, such as verbal and mathematical, are often polarized 

(Ackerman & Wolman, 2007). 

 Past research has investigated the relationships between self-concept, achievement, 

abilities, and personality. Kornilova, Kornilov, and Chumakova (2009) have established a 

large association between academic self-concept and academic achievement (r = 0.60). In 

terms of associations with ability, results have been somewhat mixed. Effect sizes for the 

relationship between self-estimates of ability and objective ability range from correlations 

of 0.08 (Verbal Test of Spatial Ability) to 0.45 (Vocabulary) (Ackerman & Wolman, 2007). 

However, Ackerman and Wolman’s (2007) study indicated that self-estimates of ability 

are somewhat reliable in particular domains. Additionally, self-concept has been linked to 

a variety of personality traits. For example, openness is correlated with verbal self-concept 

(r = 0.49) and conscientiousness is correlated with both math self-concept (r = 0.26) and 
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problem-solving self-concept (r = 0.28) (Marsh, Trautwenin, Ludtke, & Koller, 2006). 

Additionally, TIE is associated with both verbal (Ackerman, et al., 1995, r = 0.35) and 

academic self-concept (Kanfer, et al., 1996, r = 0.18). Ackerman and Wolman (2007) also 

found higher correlations of trait complexes with measures of verbal self-concept than with 

other self-concept measures.  

Based on established links between self-concept, ability, and personality, as well as 

abilities associated with each task, I hypothesized that performance and timing on the 

keychain construction task and chair assembly task would be associated with spatial self-

concept while performance on the traffic calming task would be associated with verbal 

self-concept. Specific hypotheses associated with self-concept are depicted in Table 4. 
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Table 4 – Hypothesized relationships between self-concept and task outcomes. 

 Keychain Quality Keychain Completion Speed Chair Completion Speed Traffic Calming Presentation  

 

Spatial 

self-concept 

Hypothesis 7a 

r = 0.30 

Hypothesis 7b 

r = 0.30 

Hypothesis 7c 

r = 0.30 

 

 

Verbal  

Self-concept 

   Hypothesis 7d 

r = 0.30 

Note. All time variables are reverse scored to represent speed. Higher correlations indicate better performance while lower correlations 

indicate worse performance. 

.
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1.5.2.4 Motivational Traits 

The last non-ability traits that were considered in the context of this study were 

motivational traits; given that what drives individuals to direct and sustain effort is likely 

to influence their performance on the various tasks. Kanfer and Heggestad (1997) 

integrated research on personality and motivation to distinguish between motivational traits 

and motivational skills. Motivational traits, they argued, are stable and likely to be a 

function both personality and motivation. Specifically, Kanfer and colleagues integrated 

personality taxonomy measures, achievement motivation measures, and goal orientation 

measures to create the Motivational Trait Questionnaire (MTQ) (Heggestad & Kanfer, 

2000; Kanfer & Ackerman, 2000; Kanfer & Heggestad, 1997). The MTQ consists of 3 

scales each containing two sub-scales: approach-oriented motivation (desire to learn, 

mastery), competitive excellence (other-referenced goals, competitiveness), and aversion-

related motivational traits (worry, emotionality). I expected each of these scales to be 

associated with outcomes on all three tasks. Approach-oriented motivation and competitive 

excellence were hypothesized to positively influence task outcomes, while aversion-related 

motivation was hypothesized to negatively influence task outcomes. Specific hypotheses 

associated with each sub-scale of the MTQ are presented in Table 5. 
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Table 5 – Hypothesized relationships between MTQ sub-scales and task outcomes. 

 Keychain Quality Keychain Completion Speed Chair Completion Speed Traffic Calming Presentation 

Desire to learn 

 

 

Hypothesis 8a 

r = 0.30 

Hypothesis 8b 

r = 0.30 

Hypothesis 8c 

r = 0.30 

Hypothesis 8d 

r = 0.30 

Mastery 

 

 

Hypothesis 8e 

r = 0.30 

Hypothesis 8f 

r = 0.30 

Hypothesis 8g 

r = 0.30 

Hypothesis 8h 

r = 0.30 

Other-oriented goals 

 

 

Hypothesis 9a 

r = 0.30 

Hypothesis 9b 

r = 0.30 

Hypothesis 9c 

r = 0.30 

Hypothesis 9d 

r = 0.30 

Competitiveness 

 

 

Hypothesis 9e 

r = 0.30 

Hypothesis 9f 

r = 0.30 

Hypothesis 9g 

r = 0.30 

Hypothesis 9h 

r = 0.30 

Worry in 

achievement contexts 

 

 

Hypothesis 10a 

r = -0.30 

Hypothesis 10b 

r = -0.30 

Hypothesis 10c 

r = -0.30 

Hypothesis 10d 

r = -0.30 

Emotionality in 

achievement contexts 

 

Hypothesis 10e 

r = -0.30 

Hypothesis 10f 

r = -0.30 

Hypothesis 10g 

r = -0.30 

Hypothesis 10h 

r = -0.30 

Note. All time variables are reverse scored to represent speed. Higher correlations indicate better performance while lower correlations 

indicate worse performance. 
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1.5.3 Proximal Predictors 

There is a theoretical distinction in the skill acquisition literature between distal 

predictors and proximal predictors (Ackerman et al., 1995). On one hand, distal predictors 

are general in nature and often refer to traits that drive skill acquisition. Both ability and 

non-ability traits are considered distal predictors. On the other hand, proximal predictors 

are more context-specific and are typically directly associated with a particular task. Distal 

factors influence behavior through proximal factors (Kanfer & Ackerman, 1989) and in 

some cases, proximal predictors provide incremental validity in prediction of task 

performance over distal traits (Ackerman et al., 1995). Two proximal predictors were 

examined in this study: prior experience and task self-efficacy. The specific hypotheses 

associated with each proximal predictor is depicted in Table 6. 

1.5.3.1 Prior experience 

In addition to ability and non-ability traits, prior experience was posited to play a 

role in task-related outcomes. Individuals with domain-specific knowledge, which is 

developed primarily through experience (Ackerman, 2000), exhibit higher levels of digital 

literacy (Moehring et al., 2016). Declarative knowledge and procedural skills are essential 

components of how adults complete intellectual tasks in the real world (Ackerman, 2000). 

In the context of this study, it is likely that experience with tasks related to those which 

have been chosen lead to more successful outcomes. For example, someone who has 

experience assembling furniture is likely more skilled at the chair assembly task and a 

person with knowledge of traffic calming strategies is likely better equipped to develop a 

high-quality solution for the traffic calming task. Given that domain knowledge is a 
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component of crystalized intelligence and crystalized intelligence typically has smaller 

correlations with performance in laboratory environments than fluid intelligence does 

(Beier & Ackerman, 2005), I predicted a moderate correlation of approximately 0.30 

between prior experience and performance on all three tasks.  

1.5.3.2 Task Self-Efficacy 

Self-efficacy refers to a person’s perception of his or her capability in 

accomplishing a specific achievement goal (Kanfer, 2012). People develop self-efficacy 

beliefs from mastery experiences, vicarious experiences, social persuasion, and 

physiological arousal (Bandura, 1977). Self-efficacy has been linked to performance on a 

variety of outcomes, including but not limited to academic performance (Schunk, 1989), 

computer programming task performance (Wiedenbeck, 2005), and air traffic controller 

tasks (Kanfer & Ackerman, 1989). Self-efficacy is typically assessed at the level of a 

specific task or outcome (Zimmerman, 2000) and is therefore likely to predict performance 

on each task in the current study. Given the that task self-efficacy estimates are directly 

related to the specific task context, I anticipated that task self-efficacy would be strongly 

correlated with task timing and task performance (r = 0.50 - 0.60). 
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Table 6 – Hypothesized relationships between proximal predictors and task outcomes. 

 Keychain Quality Keychain Completion Speed Chair Completion Speed Traffic Calming Presentation  

 

Prior knowledge/experience 

Hypothesis 11a 

r = 0.30 

Hypothesis 11b 

r = 0.30 

Hypothesis 11c 

r = 0.30 

Hypothesis 11d 

r = 0.30 

 

 

Task self-efficacy 

Hypothesis 12a 

r = 0.50-0.60 

Hypothesis 12b 

r = 0.50-0.60 

Hypothesis 12c 

r = 0.50-0.60 

Hypothesis 12d 

r = 0.50-0.60 

Note. All time variables are reverse scored to represent speed. Higher correlations indicate better performance while lower correlations 

indicate worse performance. 
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1.5.4 Correlations between task performance 

There is a common debate among differential psychologists as to whether broad or 

narrow measurements of individual differences in both ability and non-ability domains are 

superior. This debate is related to the perspective of Brunswik symmetry, which can be 

traced back to Brunswik’s lens model (Brunswik, 1952) and has been advanced 

significantly by Wittman (Wittman, 1991; Wittman, 1995; Wittman & Sub, 1999). 

Wittman grounds the foundation of Brunswik symmetry in the distinction between 

experimental and correlational psychology, which was delineated by Cronbach (1957). 

According to Cronbach, experimental psychologists are concerned with explaining 

behavior by controlling situational variables while correlational psychologists are 

concerned with using individual differences to predict criterion variables of interest. 

Brunswik symmetry is of particular interest to correlational psychologists. 

Psychological theories and measures are often represented by hierarchical models. 

Common examples include Sternberg’s Triarchic theory of intelligence (Sternberg, 1988) 

and the Five Factor Model of personality (Costa & McCrae, 1988).  The central idea of 

Brunswik symmetry is that in order to maximize the predictive power of dispositional 

differences, the predictor and criterion variables should be measured at the same level of 

aggregation (Wittman & Sub, 1999). That is, broad traits predict broad criterion while 

narrow traits predict narrow criterion. For example. a broad personality trait such as 

conscientiousness may not be an effective predictor of any single behavioral episode such 

as determining whether or not an employee will succeed in making a single sale. It would 

be a more accurate predictor of a broader criterion that aggregates behavior across many 

episodes, such as job performance over the course of a year.  
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In order to predict the relationships between performance on each of the three tasks 

in this study, it is crucial to consider the hierarchical structure of human abilities and the 

concept of Brunswik symmetry. An extensive review of abilities has revealed seven 

categories of abilities (each with component abilities at lower levels) that are nested under 

a general intelligence factor. Those seven abilities are fluid intelligence, crystallized 

intelligence, visual perception, perceptual speed, learning and memory, knowledge and 

achievement, and ideational fluency (Carroll, 1993). In the context of this study, the 

keychain and chair tasks likely require spatial abilities (i.e., visual perception and 

perceptual speed) while the traffic calming task likely requires verbal abilities (i.e., 

ideational fluency) 

Given the hierarchical nature of abilities based on this model, correlations between 

performance on these three tasks that likely require different abilities should provide 

insight into whether broad or narrow predictors are beneficial for determining real-world 

intelligence. If correlations between the three tasks are relatively large, that would suggest 

the need for broad predictors. However, smaller correlations would suggest specialization 

that requires more narrow predictors. Based on the general factor in Carroll’s theory, as 

well as other theories of intelligence (e.g., Spearman, 1927), I expected correlations of 

traffic calming task performance with keychain and chair task performance to be between 

0.20 and 0.34. However, I also expected the magnitude of correlations between task 

performance to display specialization. I predicted that outcomes on the keychain 

construction and chair assembly task would be moderately correlated, but at a magnitude 

larger than correlations between outcomes of either task with traffic calming task outcomes 



 33 

(r = 0.35-0.39). Specific hypotheses associated with correlations between task outcomes 

are presented in Table 7. 
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Table 7 – Hypothesized relationships between task outcomes 

 

 

Keychain Quality 

 

Keychain Completion Speed 

 

 

Chair completion 

Speed 

 

Traffic Calming Presentation  

 

 

Keychain Quality 

 

 

   

 

Keychain Completion Speed 

 

 

 

  

 

Chair Completion Speed 

 

Hypothesis 13a 

r = 0.35 to 0.49 

 

Hypothesis 13b 

r = 0.35 to 0.49 

 

 

 

 

Traffic Calming Presentation  

 

Hypothesis 13c 

r = 0.20 to 0.34 

 

Hypothesis 13d 

r = 0.20 to 0.34 

 

Hypothesis 13e 

r = 0.20 to 0.34 

 

 

Note. All time variables are reverse scored to represent speed. Higher correlations indicate better performance while lower correlations 

indicate worse performance.
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1.6 Summary 

In sum, this study aimed to provide initial evidence of the disconnect between 

intelligence testing and real-world intelligence by investigating relationships between 

abilities, attitudes, and task performance. In order to accomplish this objective, the current 

study utilized traditional ability tests, non-ability trait measures, and developed measures 

of proximal variables. These measures were used a baseline by which to compare 

performance on the three “real world” tasks. The tasks utilized were developed with the 

intention of maximizing ecological validity, so that they would represent performance 

outside of a laboratory to the greatest extent possible. It was expected that comparisons of 

performance on the keychain assembly, chair assembly, and traffic calming tasks would 

reveal moderate correlations with traditional intelligence assessments and non-ability trait 

measures. The anticipated moderate correlations would indicate that there is significant 

room for growth in the way that we measure adult intelligence in a modern context. 
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CHAPTER 2. METHOD  

2.1 Participants 

While it is less than ideal to use an undergraduate sample for an adult intelligence 

study, it is important to note that this a proof-of-concept study. The primary purpose of the 

study is to determine the validity of using ecologically valid task performance to assess 

intelligence in a sample that is above average in ability. The use of this sample is justified 

given that if the results indicate the utility of this approach, it is likely to translate to a less 

highly selected adult population. Georgia Institute of Technology undergraduate students 

were recruited as participants through the Georgia Tech participant pool using SONA. 

Students were compensated with 4.5 hours of course research credit.  

In order to be eligible to participate in the study, students were required to be at 

least 18 years of age and fluently speak and read English. Power analysis using G*Power, 

an open source software package, indicated that the sample size needed to detect the 

smallest correlation hypothesized was sixty-seven. Therefore, I aimed to recruit at least 70 

participants. Unfortunately, data collection was halted prematurely due to the global 

pandemic associated with COVID-19. Sixty-one participants completed the experiment 

before data collection concluded. Two participants did not follow instructions on multiple 

portions of the study and were therefore excluded from analysis, leaving 59 participants 

(35 men and 24 women) with complete data that were included in analysis. 

2.2 Materials and Measures 

2.2.1 Traditional Measure of Intelligence 
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2.2.1.1 Fluid Intelligence 

Fluid intelligence was assessed using three traditional measures: Spatial Analogies 

(Ackerman & Kanfer, 1993), Diagramming Relations from the Educational Testing 

Service Kit (Ekstrom, French, Harman, & Derman, 1976), and Number Series (Thurstone, 

1962). In the Spatial Analogies Test, participants were given nine minutes to complete a 

thirty-item multiple choice test that involved using analogical reasoning to answer 

questions containing spatial content (Ackerman, 2000). In the Diagramming Relations test, 

participants were shown items with three objects and instructed to use logical reasoning to 

choose from a set of overlapping circles that best characterized the relationship between 

the objects (Ackerman, 2000). Finally, in the Number Series test, participants were 

provided items consisting of a series of numbers that follow a particular rule and instructed 

to use inductive reasoning to determine the next number in the series (Ackerman, 2000). 

2.2.1.2 Crystallized Intelligence 

Crystalized intelligence was assessed using three traditional measures: 

Multidimensional Ability Battery (MAB) Comprehension (Jackson, 1998), Wechsler 

Adult Intelligence Scales-Revised (WAIS-R) Information Test (Wechsler, 1981), and the 

Extended Range Vocabulary from the ETS Kit (Ekstrom et al., 1976). The MAB 

Comprehension Test assessed cultural knowledge, the WAIS-R Information Test assessed 

general knowledge, and the ETS Extended Range Vocabulary Test presented words to 

participants and required them to choose the words that most closely matched each from a 

list of choices (Ackerman, 2000). 

2.2.2 Non-Ability Traits 
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2.2.2.1 Interests 

The Unisex Edition of the American College Testing Interest Inventory (UNIACT) 

was used to assess vocational interest themes (Lamb & Prediger, 1981). This 90-item 

measure provided individual scores for each of Holland’s (1963) six interest themes: 

Realistic, Investigative, Artistic, Social, Enterprising, and Conventional. Responses to the 

measure were given on six-point scale ranging from 1 (“Strongly Dislike”) to 6 (“Strongly 

Like”). 

2.2.2.2 Personality Traits 

Four of the big five personality traits (extraversion, conscientiousness, openness, 

and neuroticism), and need for achievement (nAch), were measured using items the from 

the International Personality Item Pool (IPIP) collection (Goldberg, 2008). Each of these 

scales contains 10 items. Typical intellectual engagement was measured using a 12-item, 

short-form scale. Responses to all personality scale items were reported on a scale ranging 

from 1 (“Very untrue of me”) to 6 (“Very true of me”). 

2.2.2.3 Self-Concept 

Verbal and spatial self-concept were measured using a scale in which participants 

rated the extent to which they agreed with 12 statements reflecting their skills and abilities 

in each of the two domains. Six items included statements representative of verbal skills 

and abilities and six items included statements representative of spatial skills and abilities. 

An example of an item on the verbal scale is: “I can recognize correct English usage (that 

is, grammar and punctuation).” An example of an item on the spatial scale is: “I can 
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imagine how objects look from a different perspective.” Responses were given on a scale 

ranging from 1(“Strongly disagree”) to 6 (“Strongly agree”). 

2.2.2.4 Motivational Traits 

Motivational traits were measured using the short-form version of the previously 

mentioned MTQ (Heggestad & Kanfer, 1997; Kanfer & Ackerman, 2000). The measure 

contains 48 items, three scales (approach-oriented motivation, competitive excellence, and 

aversion-related motivation), and six sub-scales (desire to learn, mastery, other-oriented 

goals, competitiveness, worry in achievement contexts, and emotionality in achievement 

contexts). Approach-oriented motivation includes desire to learn and mastery, competitive 

excellence includes other-oriented goals and competitiveness, and aversion-related 

motivation includes worry in achievement contexts and emotionality in achievement 

contexts. 

2.2.3 Proximal Variables 

2.2.3.1 Prior Experience 

A prior experience scale was constructed for the purpose of assessing the extent to 

which participants had exposure to either tasks that were similar to those performed in the 

experiment or tasks that require skills similar to those performed in the experiment. The 

scale consisted of 6 items per task, for a total of 18 items. For each of the 18 items, 

participants were asked to report how often they had engaged in the presented task on a 

five-point scale ranging from 1 (“Never) to 5 (“Many times”). See Table 8 for the specific 

items included in the scale. 
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Table 8 – Prior experience measures. 

In your past experiences, how often have you done each of the following? 

Keychain Task 

1. Completed arts and crafts projects in your spare time. 

2. Created friendship bracelets, keychains, or related items. 

3. Learned a new artistic technique (sketching technique, weaving 

technique, etc.). 

4. Used instructions or diagrams to complete an arts/crafts project. 

5. Searched the internet for help completing arts/craft projects. 

6. Taught Somebody else to complete and art and crafts project. 

Chair Task 

7. Used basic tools (screwdriver, wrench, etc.). 

8. Assembled basic items (furniture, toys, etc.). 

9. Performed basic maintenance on such items (tightening a loose chair, 

fixing a wobbly table, repairing a broken toy, etc.). 

10. Used instruction manuals to put together items. 

11. Searched the internet for help putting together items. 

12. Worked with other people to assemble items. 

Traffic Calming Task 

13. Researched a civics problem on the web. 

14. Designed a detailed PowerPoint presentation. 

15. Delivered a public presentation. 

16. Prepared for a debate. 

17. Persuaded a group to go along with your solution to a problem. 

18. Participated in discussions on how to solve civics problems. 

2.2.3.2 Task Self-Efficacy 

Similar to prior experience, participants completed self-efficacy measures designed 

for each specific task. The self-efficacy measures were created using a traditional method 

in which respondents indicate their level of confidence in completing each task by 

responding to five items of increasing difficulty on a scale ranging from 0 (“No 

confidence”) to 8 (“Certain that I can do it”) (Bandura, 1986). For the keychain and chair 

tasks, difficulty was operationalized as timing. Participants were presented with an image 

of the completed keychain and chair and asked how confident they were that they could 

assemble/construct each object in a decreasing amount of time. The keychain task measure 

asked participants their confidence that they could complete the task in 8 intervals ranging 

from 40 to 8 min and the chair task measure asked participants their confidence that they 
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could complete the task in 5 intervals ranging from 30 to 10 min. Each of these two 

measures consisted of 5 items. For the traffic calming task, participants were informed that 

they would be required to present a brief set of recommendations for a specific suburban 

roadway/civics project and that they would be allowed access to the Internet. They then 

indicated their confidence that they could create presentations of increasing quality: 

ranging from “fairly detailed and documented” to “highly detailed and expertly 

documented”. The scale for this measure consisted of 4 items.  

2.3 Procedure 

The procedure for this study took place in two parts. In the first part of the 

experiment, participants were informed of their rights are research participants, completed 

the proper consent documentation, and completed the 6 intelligence tests (3 fluid 

intelligence tests and 3 crystallized intelligence tests) as well as the non-ability trait 

measures (vocational interests, personality traits, self-concept, and motivational traits) and 

proximal variable measures (prior experience and task self-efficacy). At the conclusion of 

the first session, participants were compensated with 2 hours of course research credit. In 

the second portion of the experiment, participants returned to the lab to complete each of 

the three real-world tasks. Participants were allowed a five-minute break between the 

second and third task of the session. The procedure for each of the three tasks is described 

in the following sections. 

2.3.1 Paracord Keychain Task 

To begin this task, research assistants provided participants with a two-colored 

strings of parachute chord that were fused together, a key ring, and a carabiner clip. 
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Participants were shown an image of a paracord keychain constructed from the materials 

(see Figure 1), asked to construct their own, and given access to Internet to search for help 

resources (e.g. demonstration videos, written instructions, step-by-step diagrams). 

Participants were informed that the goal of the task was to construct the keychain as quickly 

and accurately as possible. As participants completed the task, their actions were record 

using video cameras and computer screen recording software. Participants were given a 

maximum of 45 minutes to complete the task because the longest completion time during 

pilot testing was approximately 45 min. If participants completed the task in less than 45 

min, they attempted to make a second keychain in the time remaining. The second keychain 

was used in exploratory analyses. 

Figure 1 – Paracord keychain image presented to participants. 

 

Note. This image was retrieved from: https://www.youtube.com/watch?v=YBwwqB153Ys 

2.3.2 Traffic Calming Task 
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To begin this task, research assistants informed participants that they would be 

presented with a real-world problem and they were to use the Internet to search for a 

solution to the problem, develop a PowerPoint presentation communicating their ideal 

solution, and  present their solution to the research assistants at the conclusion of the task. 

Participants were also informed that they would be scored on the quality of their solution 

as well as their presentation. Participants were then presented with the following prompt: 

“Imagine that you are a homeowner in a neighborhood in which the streets 

do not have sidewalks. Over the course of the past year, you have grown concerned 

over a safety issue in your community. Drivers are frequently driving well above 

the speed limit on the streets in your neighborhood, endangering the safety of 

children playing and adults walking.   

You have raised issue over the concern to your homeowner’s association 

and have been chosen to represent the homeowners of your committee at a town 

planning/safety commission meeting. Your job is to develop an efficient plan to 

calm traffic so as to improve the safety of your street and neighborhood. You will 

then deliver your plan in a five-minute presentation.  

Please use this session to develop and prepare your presentation. You may 

use the computer provided to search the Internet for information that will help you 

develop your ideal plan. You will present your PowerPoint to researchers at the 

end of the session.” 

Participants were allowed a maximum 60 min to research potential solutions 

and prepare their presentation because the longest completion time during pilot 
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testing was approximately 60 min. Similar to the keychain construction task, 

participants’ actions were recorded using video cameras and computer screen 

recording software. At the conclusion of preparation time, participants were given 

a maximum of five minutes to deliver their presentation to the research assistant, 

who video recorded the presentation. 

2.3.3 Chair Assembly Task 

As much as was possible, participants were paired up to complete the chair 

assembly task. The sessions were arranged so that the chair task was the last task completed 

by a participant scheduled during an earlier timeslot and the first task completed by a 

participant scheduled in later timeslot. However, some participants completed the task on 

their own because no other participant signed up for the slot before or after them or because 

other participants failed to attend their scheduled session. A total of 32 participants (16 

dyads) completed the task in pairs and a total of 27 participants completed the task 

individually.  

To begin the task, research assistants provided participants with the component 

parts of an “Ingolf” IKEA chair and the instructions provided by IKEA. See Figure 2 for 

images of the chair before and after assembly. Research assistants also provided 

participants with access to the Internet and informed them that they were free to search for 

additional help resources (e.g. demonstration videos, alternative instructions, completed 

diagrams). Participants were also informed that the goal of the task was to assemble the 

chair as quickly and accurately as possible. The participants’ actions were recorded using 

video cameras.  Although participants were given the option to use the Internet, none opted 

to take advantage of this resource. All participants relied on the instruction manual. 
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Participants were given a maximum of 30 min to complete the task because the longest 

assembly time during pilot testing was approximately 30 min.  

Figure 2 – The IKEA Ingolf chair before and after assembly. 

 

Note. Photographs taken during pilot testing. 

At the conclusion of the three tasks, participants were debriefed on the purpose of 

the experiment and reward an additional 2.5 hours of research credit for the second portion 

of the study. 

2.4 Scoring Video Data 

At the conclusion of the study, task-related variables (e.g., performance, timing, time 

allocation) were determined by viewing video and screen recordings. Rubrics for scoring 

each of variable of interest were developed and tested for clarity using 10 randomly 

selected participants. Three research assistants independently scored each variable for these 

10 participants. The research assistants then met with me to discuss disagreements and 
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adjust the rubric for clarity. After using the revised rubric to score each of the 10 

participants a second time, interrater reliabilities were examined. Based on the 

recommendation of Koo & Li (2016), Intraclass Correlation 3 (ICC3) was used to calculate 

interrater reliability. Koo and Li indicated that ICC values of less than 0.5 indicate poor 

reliability, between 0.5 and 0.75 indicate moderate reliability, between 0.75 and 0.9 

indicate good reliability, and greater than 0.90 indicate excellent reliability. While such 

cutoffs could be considered arbitrary considering interrater reliability is dependent on the 

extent to which variables differ in terms of subjectivity, all variables in this study exceeded 

0.75 (i.e., “good” or “excellent” reliability) except for one -- the quality of traffic calming 

solution presentations (which had “moderate” reliability). This is somewhat unsurprising 

given that scoring the quality of a solution to a problem without a definitive correct answer 

involves more subjectivity than the other ratings. All interrater reliability estimates are 

presented in Table 9. After testing and revising the rubrics for clarity, each participant was 

scored by one of the three research assistants. To account for the lower interrater reliability 

associated with the quality of traffic calming solution presentations, two research assistants 

scored each presentation and a final score was calculated as the average of the two scores. 

The variables and rubrics associated with each task are described in further detail in the 

following sections.  
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Table 9 – Interrater reliability. 

Variable ICC3 Reliability 

Keychain quality 0.91 Excellent 

Percentage of keychain 

complete 

0.94 Excellent 

Keychain time allocation: 

Computer 

0.84 Good 

Keychain time allocation: 

Keychain 

1.00 Excellent 

Chair time allocation: 

Instructions 

0.84 Good 

Chair time allocation: 

Chair 

0.93 Excellent 

Dominance (chair task) 0.89 Good 

Traffic calming solution 

presentation score 

0.69 Moderate 

Traffic calming time 

allocation: Research 

0.95 Excellent 

Traffic calming time 

allocation: PowerPoint 

0.87 Good 

 

2.4.1 Keychain Task 

The rubric used to guide research assistants through scoring the keychain task and 

entering data for the task included 7 variables: completion time for both keychain, quality 

of both keychains, an overall completion score for the task, time spent using the computer, 

and time spent working on the keychain.  

2.4.1.1 Completion Time 



 48 

Completion time for both keychains was tracked using a stopwatch and recorded.  

2.4.1.2 Keychain Quality 

Research assistants used a provided rubric to score the quality of both keychains. 

The maximum quality score for each keychain was 120 points. Research assistants were 

given a list of the following six errors identified during pilot testing and instructed to deduct 

20 points for each error: 1) keychain was constructed using the incorrect weave, 2) 

keychain was noticeably short (less than 3.5 inches), 3) keychain was curved rather than 

straight,  4) keychain weave was asymmetrical, 5) paracord was not attached to the 

carabiner clip correctly, and 6) a significant amount of excess paracord hung from either 

the carabiner clip or the key ring.  

2.4.1.3 Overall Completion score 

An overall completion score was given to each participant ranging from 0 to 200 

based on the percentage he or she completed of each keychain. For example, if a participant 

completed 100% of the both keychains, he or she received a score of 200. If a participant 

completed 100% of one keychain and 50% of the second keychain, he or she received a 

score of 150. If a participant only completed 75% of their first keychain, he or she received 

a score of 75. 

2.4.1.4 Keychain Task Time Allocation 

Two variables were recorded to determine how participants allocated their time 

during the keychain task. For each minute of video, researched assistants marked whether 

participants used the computer, worked on the keychain, or both. This led to two different 
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time allocation variables that were independent of one another: time spent on the computer 

and time spent working on the keychain.  

2.4.2 Chair task 

The rubric used to guide research assistants through scoring the chair task and 

entering data included 4 variables: completion time, time spent looking at instructions, time 

spent working on the chair, and dominance. 

2.4.2.1 Completion Time 

Completion time for chair assembly was tracked using a stopwatch and recorded.  

2.4.2.2 Chair Task Time Allocation 

Similar to the keychain task, two variables were recorded to determine how 

participants allocated their time during the chair task. For each minute of video, research 

assistants marked whether participants were looking at the instruction manual, assembled 

the chair, or both. This led to two different time allocation that were independent of one 

another:  

2.4.2.3 Dominance 

An additional variable was scored in order to take into account the collaborative 

nature of the task for participants who assembled the chair in dyads. This variable was 

included because there was a desire to investigate whether abilities, non-ability traits, and 

proximal variables influence behavior in a collaborative setting and whether this behavior 

subsequently influences performance. For each dyad, research assistants gave participants 
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a score ranging from 1-100, with 1 representing “completely submissive” and 100 

representing “completely dominant”. The research assistants were given a list of dominant 

and submissive behaviors that were common during pilot testing to refer to when making 

their ratings. The list of dominant behaviors included giving instructions, taking a tool from 

a teammate, maintaining control of the instruction manual, and speaking out loud 

frequently. The list of submissive behaviors included following teammates’ instructions 

without offering instructions, giving a tool to a teammate when he or she could have used 

it on their own, offering the instruction manual to a teammate when he or she could have 

read it themselves, and not speaking out loud frequently. Each participants’ rating was 

independent of his or her partner, meaning that there were cases where there were two 

dominant teammates, two submissive teammates, and one dominant and one submissive 

teammate. 

2.4.3 Traffic Calming Task  

The rubric used to guide research assistants through scoring the traffic calming task 

and entering data for the task included 4 variables: traffic calming solution presentation 

quality, overall completion time, time spent researching, and time spent preparing the 

PowerPoint deck. 

2.4.3.1 Traffic Calming Solution Presentation Quality 

Research assistants were provided with a rubric to score the quality of traffic 

calming solution presentations. The rubric contained 5 components and each participant 

received a score ranging from 0 to 15 on each component. Therefore, presentation scores 

could range from 0 to 75. The five components were selected based on characteristics of 
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high-quality presentations during pilot testing. The five components of the rubric were: the 

extent to which presentations included a variety of potential options, the extent to which 

presentations weighed the benefits and downsides of each option, the quality and strength 

of the argument made by the participants, the evidence used to defend the argument, and 

the extent to which presentations addressed financial considerations.  

2.4.3.2 Traffic Calming Time Allocation 

Similar to the other two tasks, two variables were recorded to determine how 

participants allocated their time during the traffic calming task. For each minute of screen 

recording video, research assistants marked whether participants were researching traffic 

calming solutions, preparing their PowerPoint deck, or both. This led to two different time 

allocation variables that were independent of one another.   
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CHAPTER 3. RESULTS 

 The results for this study are presented in four sections. I begin by providing 

information on high quality and low quality performance on the three real-world tasks. I 

also provide descriptive statistics for the three tasks. I then present the descriptive statistics 

and factor solutions for ability and non-ability trait measures. Next, I present the 

correlational analyses that were used to test hypotheses specified before data collection. 

Finally, I conclude with a series of exploratory analyses. The exploratory analyses section 

contains hierarchical regression analysis, factor extension analysis, correlational analyses 

that include task variables not specified in hypotheses (e.g., performance on the second 

keychain, time allocation), and gender differences.  

 Throughout the results section, a series of abbreviations were developed to improve 

clarity and efficiency. While each abbreviation is described below, it is also provided in 

the List of Symbols and Abbreviations at the beginning of the document. K1 indicates 

the first keychain attempt, while K2 indicates the second keychain attempt. Traffic calming 

presentation score was abbreviated as pres. The subscript of co/o indicates the proportion 

of overall time spent on the computer during the keychain task, k/o indicates the proportion 

of overall time spent on the keychain during the keychain task, i/o indicates the proportion 

of overall time spent looking at instructions during the chair task, ch/o indicates the 

proportion of overall time spent on the chair during the chair task, r/o indicates the 

proportion of overall time spent researching during the traffic calming task, and p/o 

indicates the proportion of overall  time spent preparing the PowerPoint during the traffic 

calming task. Also, the subscript of co/k indicates the proportion of time spent on the 
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computer vs. the keychain during the keychain task, i/ch indicates the proportion of time 

spent on instructions vs. the chair during the chair task, and r/p indicates the proportion of 

time spent researching vs. preparing the PowerPoint during the traffic calming task. In 

terms of ability tests, NS indicates the Number Series test, DR indicates the Diagramming 

Relations test, SA indicates the Spatial Analogies test, and GI indicates the General 

Information test. Finally, additional subscript abbreviations were developed for non-ability 

traits. SSC indicates spatial self-concept, VSC indicates verbal self-concept, consc 

indicates conscientiousness, nAch indicates need for achievement, open indicates 

openness, neur indicates neuroticism, extra indicates extraversion, TIE indicates typical 

intellectual engagement, DTL indicates desire to learn, compet indicates competitiveness, 

emot indicates emotionality, Real indicates Realistic, Inves indicates Investigative, and 

Con indicates Conventional. 

3.1 Task Outcomes 

3.1.1 Task Performance 

In order to gain a better interpretation of the descriptive statistics associated with 

the three tasks incorporated in the study, it is necessary to understand not only what 

constitutes positive performance on each task, but also what constitutes negative 

performance. The target products for the keychain and chair tasks are represented in 

Figures 1 and 2, respectively. Additional images of high-quality keychains constructed by 

participants are displayed in Figure 3. Figures 1-3 can be referenced as representations of 

ideal performance.  
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There were six mistakes that were commonly made during the keychain task and 

were included in the rubric that scored keychain performance. Each of these six mistakes 

is represented in the images provided in Figure 4. The earliest mistake that was made 

during keychain construction came at the onset of the task. Participants were instructed to 

construct the keychain depicted in Figure 1, which was made using a “cobra” weave. 

However, some participants did not use the cobra weave and used a different type of weave 

instead. For example, the image on the bottom right of Figure 4 displays a keychain 

constructed using a “snake knot”. The next set of mistakes occurred once participants 

utilized the proper weave. Participants were penalized for errors during the weaving 

process, such as creating an asymmetrical weave or a curved weave. At the end of the 

process, two additional errors were commonly made. Participants often failed to correctly 

connect the keychain to the key and/or ring or left significant excess paracord hanging off 

of the end of the keychain. In the image provided to participants, both strings of paracord 

were connected to the clip and the ring. Many participants only connected one of the 

strings. Finally, the lowest performers often constructed noticeably short keychains (i.e., 

less than 3.5 inches in length). 

 The final chair constructed by participants always looked identical. However, the 

most common error during assembly occurred when participants put a piece of the chair on 

backwards and tightened the screws. Inevitably, participants would notice the mistake later 

in the process and were forced to backtrack to correct it, severely impacting their speed of 

completion. Traffic calming task performance was a bit more abstract. The lower quality 

presentations were characterized by a variety of weaknesses that I describe below. The 

more effective presentations typically included each of these components. First, many 
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participants did not develop or defend a specific solution. They simply presented a laundry 

list of traffic calming solutions that appeared in their online searches. Next, many 

participants failed to consider the financial implications of their solutions. Many of the 

lower quality presentations also did not include evidence (e.g., research studies, statistics) 

to support their argument. Finally, many participants only presented a single solution and 

did not consider alternatives or weigh the pros and cons of potential options. The slide deck 

of a high-quality presentation is provided in Appendix D and the slide deck of a low quality 

presentation is provided in Appendix E. The presentation provided in Appendix D 

received a high score because the considered multiple options, weighed the potential 

benefits and consequences of each outcome, made a definitive argument for a specific 

solution, defended the proposed solution with evidence, and considered the financial 

implications. The presentation provided in Appendix E received a high score because the 

participants simply listed a few options rather than arguing for a particular solution, hardly 

addressed the benefits or consequences of each solution, and did not provide evidence in 

terms of research or statistics to enhance the presentation. 

 

 

 

 

 

 

 

 



 56 

Figure 3 – High quality keychains. 

 

Note. Both of these keychains received the maximum score of 120 for keychain quality. 
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Figure 4 – Common keychain mistakes. 

 

Note. The errors during keychain construction that counted against participants were an 

incorrect weave (bottom right), a curved weave (top left), an asymmetric weave (bottom 



 58 

left), a noticeably short weave (top right), incorrect attachment of paracord to clip and/or 

ring (top right), excessive paracord hanging off of the keychain (bottom left). 

3.1.2 Descriptive Statistics 

Means, standard deviations, and ranges for all variables associated with task 

outcomes were calculated and presented in Table 10. There are a few observations that can 

be noted from these statistics. The keychain quality statistics reveal that the average 

keychain included 1-2 errors indicated by the rubric, given that 20 points for each error 

were deducted from a maximum point total of 120. Additionally, participants generally 

constructed their second keychain 9 minutes faster than their first (M K1 = 19.86, SD K1= 

10.20, M K2 = 9.64, SD K2 = 4.69). This difference in speed of completion was statistically 

significant (t = 6.78 (82.49), p < 0.01) and yielded a large effect size (d = 1.29).  

In terms of time allocation, three proportions were calculated for each task: a 

proportion of overall time spent on each task component (i.e., two proportions) and a 

proportion of time spent on one component vs. the other component (i.e., one proportion). 

It is worth nothing that using this method, the two proportions involving overall time do 

not necessarily add up to 1.00 because a participant might look at the computer and work 

on the keychain in the same minute. If a participant did this consistently, he or she might 

have ended up with two proportions that have a sum somewhat substantially higher than 

1.00.  



 59 

Table 10 – Task outcome descriptive statistics. 

Variable N Mean SD Possible Range Range 

Keychain Task      

K1 Quality 59 85.98  34.67 0.00-120.00 1.00-120.00 

K1 Time 59 19.86 min 10.20 min 0.00 min - 45.00 min 5.85-45.00 min 

K2 Quality 55 91.29 32.28 0.00-120.00 0.00-120.00 

K2 Time 55 9.64 min 4.69 min 1.00 min - 44.00 min 3.15 min - 22.80 min 

Overall Keychain Completion 59 180.51 48.12 0.00-200.00 5.00-200.00 

 K1 Computer time/Overall Time 59 0.48  0.22 0.00-1.00 0.00-1.00 

K1 Keychain Time/Overall Time 59 0.90  0.09 0.00-1.00 0.55-1.00 

K2 Computer time/Overall time 55 0.10  0.14 0.00-1.00 0.00-0.55 

K2 Keychain Time/Overall Time 55 0.85  0.22 0.00-1.00 0.32-1.00 

K1 Computer time/Keychain Time 59 0.50  0.26  0.00-1.28 

K2 Computer time/Keychain Time 55 0.12  0.14  0.00-0.55 

Chair Task      

Chair Completion Time 59 11.79 min 4.72 min 1.00 min - 30.00 min 6.68 min - 15.58 min 

Dominance 32 53.06 16.52 0.00-100 5.00-80.00 

Instruction time/Overall Time 59 0.52  0.17 0.00-1.00 0.15-0.86 

Chair Time/Overall Time 59 0.93  0.09 0.00-1.00 0.67-1.00 

Instruction Time/Chair Time 59 0.56  0.18  0.22-0.88 
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Traffic Calming Task      

Presentation Score 59 49.63 13.03 0.00-75.00 8.50-67.00 

Overall Preparation Time 59 45.78 min 14.19 min 1.00-60.00 min 9.67 min - 60.00 min 

Research Time/Overall Time 59 0.48 0.19  0.00-1.00 0.00-0.85 

Ppt Time/Overall Time 59 0.70 0.16  0.00-1.00 0.31-0.96 

Research Time/Ppt Time 59 0.70 0.31  0.000-1.53 

Note. K1 = Keychain 1, Key 2 = Keychain 2, SD = Standard deviation. 
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During the keychain task, participants rarely went an entire minute without working 

on the keychain, as indicated by high averages (M K1 = 0.85, M K2 = 0.90). There was very 

little variance in proportion of overall time spent working on the first keychain (SD = 0.09), 

which reflects that most participants explored the task in a hands-on manner. Finally, 

participants spent a lower proportion of their time their time using the Internet on their 

second attempt, indicating less reliance as they became more familiar with the task. This 

is reflected by lower means for both proportion of overall time spent on the computer (M 

K1 = 0.48, SD K1 = 0.22, M K2 = 0.10, SD K2 = 0.14) and proportion of time spent on computer 

vs. time spent on keychain on participants’ second attempt compared to their first (M K1 = 

0.50, SD K1 = 0.26, M K2 = 0.12, SD K2 = 0.14). Both of these differences in time allocation 

between keychain attempts were statistically significant and characterized by large effect 

sizes (t co/o (96.89) = 10.06, p co/o < 0.01, d = 2.06; t co/k (91.64)= 9.86, p co/k < 0.01, d = 

1.82).  

In regard to the chair assembly task, participants displayed an average completion 

time of just under 12 minutes (M time = 11.79, SD time = 4.72). Similar to the keychain task, 

participants rarely went an entire minute without working on the chair (M ch/o  0.93, SD ch/o 

= 0.09). They also spent around half of their time looking at the instruction manual, as 

evidence by both the proportion of overall time spent looking at the instruction manual (M 

i/o  = 0.52, SD i/o = 0.17) and the proportion of time spent on the instructions vs. the chair 

(M i/ch  = 0.56, SD i/ch = 0.18). Finally, the average participant displayed behaviors that were 

moderately dominant (M dom = 53.06, SD dom = 16.52), with a few extremely dominant or 

submissive participants that led to a leptokurtic distribution characterized by heavier tails 

(kurtosis = 1.42). 
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 On the traffic task, participants achieved an average presentation score of just under 

50, meaning the average presentation lost approximately 25 points (M pres = 49.63, SD pres  

= 13.03). Participants spent an average total of approximately 46 minutes total on the task 

(M prep time = 45.78, SD prep time = 14.19). In terms of time allocation, the average participant 

spent time researching during at least a portion of half of the minutes they spent preparing 

(M r/o =  0.48, SD r/o  = 0.19) and at least a portion of around 70% of the minutes they spent 

preparing working on their PowerPoint deck (M p/o = 0.70,  SD p/o = 0.16).  

3.2 Abilities, Non-Ability Traits, and Proximal Variables 

3.2.1 Trait Composites and Complexes 

Trait complexes are constructed by considering common variance among individual 

differences of different domains (e.g., intelligence, personality, interests). They are useful 

in scenarios in which researchers desire a parsimonious explanation for a large number of 

traits that predict knowledge or skill acquisition (Ackerman, Kanfer, & Beier, 2013). Trait 

complexes were calculated in two steps. First, exploratory factor analysis was used to 

ensure that factors representing traits that typically share common variance were extracted. 

Second, trait complex composites were calculated using sums of unit-weighted z-scores of 

the individual measures.  

In the case of ability tests, there were two abnormalities in the data. First, the Number 

Series Test, a test of fluid intelligence, had unusually low correlations with the other two 

tests of fluid intelligence (r NS, SA  = 0.11, r NS, DR = 0.17) and an unusually high correlation 

with a test of crystallized intelligence (r NS, GI = 0.50). The correlations among the ability 

tests are displayed in Table 11. As a result of this abnormality, the Number Series test was 



 63 

excluded from analysis. Additionally, an exploratory factor analysis resulted in a Heywood 

case – meaning that communalities were estimated at values greater than 1.00. In order to 

account for this, a principal components analysis was conducted and rotated using a 

varimax rotation. The results indicated two distinct components: one representing fluid 

intelligence and one representing crystallized intelligence. The rotated component matrix 

is provided in Table 12. Tests of crystallized intelligence have higher loadings on 

Component 1 and tests of fluid intelligence have higher loadings on Component 2. Based 

on these results, a fluid intelligence composite measure was calculated using the Spatial 

Analogies and Diagramming Relations tests and a crystallized intelligence composite 

measure was calculated using the MAB Comprehension, General Information, and 

Extended Range Vocabulary tests. The fluid and crystallized intelligence composites were 

moderately correlated (r = 0.47). 

In order to create non-ability trait composites, all personality traits, vocational 

interest themes, and motivational traits were included in a principal axis factor analysis and 

the solution was rotated using a direct artificial personal probability function rotation 

(DAPPFR) (Tucker and Finkbeiner, 1981). Parallel analysis indicated a seven-factor 

solution. However, this relatively liberal estimate is likely a result of the study’s modest 

sample size. Because a seven-factor solution would significantly over-factor the number of 

variables included (i.e., 18), a more appropriate five-factor solution was used to create the 

trait complexes. See Table 13 for the rotated five-factor solution and Table 14 for the factor 

correlation matrix associated with the solution. Four non-ability trait complexes were 

derived based on the factor solution: 1) Conscientiousness/nAch/Desire to learn/Mastery, 

2) Other-oriented goals/Competitiveness/Enterprising interests/Conventional 
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interests/Extraversion, 3) Neuroticism/Worry in achievement contexts/Emotionality in 

achievement contexts, and 4) Openness/TIE/Investigative interests/Artistic interests. 

Table 11– Ability test correlation matrix. 

 Comprehension Information Vocabulary Number 

Series 

Spatial 

Analogy 

Diagram 

Relations 

Comprehension       

Information 0.41      

Vocabulary 0.31 0.69     

Number Series 0.20 0.50 0.26    

Spatial 

Analogies 

0.19 0.35 0.25 0.11   

Diagram 

Relations 

0.46 0.41 0.39 0.17 0.50  

Note. N = 59. Correlates larger than r = 0.35 are significant at the p < 0.05 level. 

Table 12 – Ability test rotated component matrix. 

 
Component 1 Component 2 

MAB Comprehension 0.55 0.33 

General Information 0.86 0.22 

Extended Range Vocabulary 0.88 0.10 

Spatial Analogies 0.09 0.88 

Diagramming Relations 0.37 0.77 

Note. MAB = Multidimensional Aptitude Battery. Loadings greater than 0.30 are presented 

in italics to indicate salience. 
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Table 13 – Non-ability trait rotated factor solution. 

 

 

Factor 1 

 

Factor 2 Factor 3 Factor 4 Factor 5 

Openness 0.71 -0.11 0.08 0.06 0.04 

Conscientiousness 0.33 -0.03 -0.08 0.54 0.06 

Extraversion 0.16 0.44 -0.03 -0.04 0.60 

Neuroticism 0.07 -0.10 0.48 -0.09 -0.22 

nAch 0.01 0.06 -0.07 0.67 -0.03 

TIE 0.61 0.04 -0.07 0.32 -0.31 

Desire to learn 0.44 -0.08 0.01 0.65 -0.34 

Mastery 0.28 0.05 0.06 0.77 -0.24 

Other-oriented goals -0.11 0.60 0.39 0.07 -0.10 

Competitiveness -0.22 0.47 0.09 0.22 -0.02 

Worry in achievement 

contexts 
0.06 0.04 0.76 -0.03 -0.01 

Emotionality in 

achievement contexts 
-0.05 0.14 0.88 0.02 0.04 

Investigative interests 0.60 0.03 0.19 -0.01 -0.10 

Realistic interests 0.43 0.03 0.03 -0.03 -0.53 

Artistic interests 0.62 0.08 -0.07 -0.30 -0.00 

Social interests 0.55 0.49 0.21 0.23 0.02 

Enterprising interests 0.10 0.75 0.03 -0.02 0.07 

Conventional interests -0.01 0.49 -0.13 -0.01 -0.27 

Note. Traits included in the trait complexes associated with Factors 1-4 are presented in 

bold. Loadings greater than 0.30 are presented in italics to indicate salience. 

 

Table 14 – Non-ability trait factor correlation matrix. 

 Factor 1 Factor 2 Factor 4 Factor 4 Factor 5 

Factor 1      

Factor 2 -0.01     

Factor 3 -0.21 -0.23    

Factor 4 0.17 0.24 -0.40   

Factor 5 0.36 -0.12 -0.23 0.51  

Note. N = 59. Correlates larger than r = 0.35 are significant at the p < 0.05 level. 
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3.2.2 Descriptive Statistics and Reliability Estimates 

Descriptive statistics and internal consistency reliability estimates for all ability tests, 

non-ability traits, and proximal measures were calculated and presented in Tables 15 and 

16. The tables include descriptive statistics for each individual measure, as well as for trait 

complexes. All statistics were calculated using the sample of 59 participants except for task 

self-efficacy. Two participants has scores of zero self-efficacy for all three tasks. These 

participants were removed from all analyses including self-efficacy because the self-

efficacy scales were designed for participants to indicate some minimal level of confidence.   
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Table 15 – Descriptive statistics and reliability estimates for ability tests. 

Test Items Mean sd 
Possible 

range 
Range α S-B coef. 

Fluid Intelligence        

Spatial Analogies 30 21.93 4.96 0-30 8-30 0.86  

Diagramming Relations 30 23.10 6.38 0-30 5-30 0.91 0.85 

Number Series 20 12.37 2.50 0-20 7-20 0.71  

Crystallized Intelligence        

Comprehension 28 21.53 2.94 0-28 12-26 0.62  

General Information 24 9.53 2.58 0-24 4-15 0.64  

Vocabulary 48 21.24 7.31 0-48 3-36 0.87 0.89 

Composites        

Fluid Intelligence 2 0.00 1.00  -2.94 - 1.42 0.65  

Crystallized Intelligence 3 0.00 1.00  -2.46 - 1.94 0.60  

Note. sd = standard deviation. α = Chronbach’s alpha internal consistency estimate. S-B coef = Spearman-Brown coefficient derived 

from the Spearman-Brown prophecy formula designed to estimate total test reliability from split-half reliability. 
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Measure Items Mean sd Possible 

Range 

Range α 

Self-Concept 

Verbal Self Concept 

 

6 

 

30.36 

 

4.86 

 

6-36 

 

13-36 

 

0.88 

Spatial Self-Concept 6 30.36 3.75 6-36 20-36  

 

Personality 

Typical Intellectual Engagement 

 

12 

 

51.32 

 

9.08 

 

12-72 

 

29-67 

 

0.85 

Extraversion 10 39.34 10.04 10-60 17-58 0.91 

Openness to experience 10 45.81 8.17 10-60 30-60 0.82 

Need for achievement 10 48.97 7.34 10-60 27-60 0.88 

Conscientiousness 10 43.19 7.85 10-60 19-57 0.88 

Neuroticism 10 30.29 9.39 10-60 13-49 0.88 

 

Motivational Traits 

      

Desire to Learn 8 30.12 5.19 8-48 26-48 0.83 

Mastery 8 38.93 5.22 8-48 23-47 0.80 

Other-Oriented Goals 7 29.29 7.18 7-42 8-41 0.92 

Competitiveness 6 21.51 6.55 6-36 7-33 0.89 

Worry in Achievement Contexts 10 40.80 10.06 10-60 15-60 0.90 

Emotionality in Achievement Contexts 9 29.41 9.39 9-54 11-50 0.86 

 

Interests       

Realistic 15 52.71 13.07 15-90 22-86 0.88 

Investigative 15 57.64 15.77 15-90 15-84 0.93 

Artistic 15 49.75 16.76 15-90 15-78 0.92 

Social 15 64.66 11.10 15-90 36-86 0.85 

Enterprising 15 52.63 15.29 15-90 23-82 0.92 

Conventional 15 49.22 16.05 15-90 20-85 0.93 
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Table 16– Descriptive statistics and reliability estimates for non-ability trait and proximal variable measures. 

Note. sd = standard deviation. α = Chronbach’s alpha internal consistency estimate. 

Composites       

Conscientiousness, nAch, Desire to learn, Mastery 

 

4 0.00 1.00  -3.00 – 1.69 0.88 

Neuroticism, Worry in achievement contexts, Emotionality in achievement 

contexts 

 

3 0.00 1.00  -2.16 – 2.09 0.87 

Openness, TIE, Artistic, Investigative 

 

4 0.00 1.00  -2.29 – 1.58 0.67 

Other-oriented goals, Competitiveness, Enterprising, Conventional, 

Extraversion 

5 0.00 1.00  -2.28 – 1.92 0.66 
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3.3 Correlational Analysis: Task Performance 

In order to investigate the hypotheses specified prior to the study, a series of 

correlations were computed and compared against the magnitude of correlations 

hypothesized prior to data collection. For each task, abilities, non-ability traits, and 

proximal variables were correlated with task performance variables and the observed 

correlation was tested against the hypothesized correlation using Fisher’s r-to-Z 

transformation coupled with a z-test. In this scenario, results are consistent with hypotheses 

when the observed correlation is not statistically different from the hypothesized 

correlation. These results are presented in Appendices A, B, and C. Appendix A provides 

correlations associated with the keychain construction task, Appendix B provides 

correlations associated with the chair assembly task, and Appendix C provides correlations 

associated with the traffic calming task. 

 However, there is an important caveat associated with these analyses. Given that 

the analytical approach implemented to test hypotheses implies that results are consistent 

with a given hypothesis when the hypothesis test is not significant, it is important to 

consider the likelihood that an alternative correlation would have been detected had it 

existed in the population. Many researchers often conduct post-hoc analyses to determine 

if studies held sufficient power to detect an effect significantly different from zero. 

However, this is not necessarily appropriate because a correlation significantly different 

from zero is not necessarily meaningful (Ackerman & Hambrick, 2020). In this scenario, 

it is more meaningful to determine whether the study held sufficient power to detect a 

correlation significantly different from the hypothesized value had it existed in the 

population. In order to investigate this, post-hoc power analyses were conducted using a 
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correlation bivariate normal model test. Cohen’s criteria of small, moderate, and large 

correlations are differentiated by 0.20: 0.10, 0.30, and 0.50, respectively (Cohen, 1988). 

Therefore, I conducted power analyses to determine the likelihood that I would have 

detected a correlation that was 0.20 less than the correlation hypothesized given the sample 

size utilized in the study. Detecting such a small difference in correlations often requires a 

relatively large sample size. Collecting data from this many participants in this study was 

not feasible for two reasons: 1) the study required a significant amount of time due to the 

hands-on nature of the tasks, and 2) data collection was halted prematurely due to the 

pandemic. See Appendix F for a table containing the power that I achieved to detect 

meaningful differences from each hypothesized correlation and the sample size that I 

would have needed to detect such a correlation.  

I did not achieve a power of 0.80 to detect a correlation meaningfully different from 

any of the values hypothesized. Therefore, the conclusions that can be drawn from the 

hypothesis tests are limited. As a result, I have placed the hypothesis test analyses in 

appendices and devoted this section to discussing whether or not the correlations between 

variables associated with each hypothesis is meaningful rather than significant. There is an 

important distinction between correlations that are significant and correlations that are 

meaningful (Ackerman & Hambrick, 2020). A small correlation might be significantly 

different from zero or not statistically significant form the hypothesized value, but the 

magnitude of such a correlation may not be meaningful in the context of the study. 

Therefore, this space it is better utilized discussing meaningfulness rather than significance. 

In the context of this study, I consider correlations between abilities and task outcomes that 

are greater than or equal to +/- 0.30 and correlations between non-ability traits and task 
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outcomes that greater than or equal to +/- 0.20 to be meaningful. I set the threshold for 

meaningfulness of correlations of task outcomes with non-ability traits lower than those of 

abilities because of the fact that the study was completed in a laboratory environment that 

was likely to elicit a maximal performance situation rather than a typical performance 

situation (Beier & Ackerman. 2005). 

3.3.1 Keychain Task 

In order to investigate relationships between person attributes and  keychain task 

performance, abilities, non-ability traits, and proximal variables were correlated with the 

quality of the first keychain constructed and speed of the first keychain constructed. 

Performance on the second keychain and time allocation were not addressed in hypotheses 

prior to data collection and were subsequentially included in exploratory analysis. All 

correlations associated with keychain task performance included the full sample of 59 

participants except for those associated with task-self efficacy. Two participants indicated 

zero self-efficacy for the task, which goes against the way the self-efficacy measurements 

were designed. They were designed so that each participant could indicate a minimal level 

of efficacy. Subsequentially, these two participants were removed from analyses associated 

with keychain self-efficacy. 

 Of the many correlations investigated, 10 correlations between individual 

difference measures and task performance can be interpreted as meaningful according to 

the criteria provided above (i.e., at least +/- 0.30 for abilities and at least +/- 0.20 for non-

ability traits). In terms of abilities, participants with higher fluid intelligence constructed 

higher quality keychains than participants with lower fluid intelligence (r = 0.36). While 

correlations between fluid intelligence and completion speed (r = 0.18) as well as 
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crystallized intelligence and keychain quality (r = 0.24) were in the expected directions, 

neither crossed the threshold necessary to be interpreted as a meaningful correlation. 

Interestingly, while participants with higher crystallized intelligence tended to construct 

high quality keychains, they also took longer to construct their keychains than participants 

with lower crystallized intelligence (r = -0.25). This is somewhat surprising, but the 

magnitude of the correlation is not strong enough to be considered meaningful.  

 Two personality traits that were hypothesized to show relationships with 

performance on the keychain task (conscientiousness and neuroticism) showed meaningful 

correlations with completion speed but not with keychain quality. Individuals who were 

higher on conscientiousness and lower on neuroticism were more likely to complete their 

first keychain attempt faster than individuals who were lower on conscientiousness and 

higher on neuroticism (r consc = 0.24; r neur = -0.21). However, the correlations between 

these same traits and quality of keychain constructed were not meaningful (r consc = 0.01; r 

neur = 0.08), which suggests that perhaps these personality traits play a more crucial role in 

speed than accuracy in this specific task. One other personality trait that was not included 

in hypotheses prior to data collection displayed a meaningful correlation with keychain 

quality. Participants higher on openness to experience generally constructed higher quality 

keychains than participants who were lower on openness to experience (r open = 0.22). 

 There are three other non-ability traits that displayed meaningful correlations with 

keychain task performance. Spatial self-concept was positively correlated with both 

keychain quality and completion speed at magnitudes that can be interpreted as meaningful 

(r SSC, qual = 0.26, r SSC, speed = 0.29). Therefore, self-concept likely played a key role in 

determining both speed and accuracy components of performance for this task. 
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Additionally, two vocational interest themes showed meaningful correlations with 

keychain quality. As expected, individuals who scored higher on the Realistic interest 

theme constructed higher quality keychains than individuals who scored lower on the 

Realistic interest theme (r = 0.37). No predictions were made in regard to the relationship 

between keychain task performance and Artistic interest theme. However, the correlation 

between Artistic interests and keychain quality (r = 0.20) crossed the threshold necessary 

to be interpreted as meaningful. In hindsight, this is not surprising given that the keychain 

task likely required artistic skills that individuals who score higher on the Artistic interest 

theme are more likely to possess compared top the rest of the sample. All MTQ sub-scales 

as well as the remaining personality traits and vocational interest themes measured did not 

display meaningful correlations with keychain task performance.  

 In terms of proximal variables, prior experience and task self-efficacy displayed 

very different results associated with keychain task performance. Prior experience, as 

expected, was positively and meaningfully correlated with both keychain quality and 

completion speed (r PE, qual = 0.28, r PE, speed = 0.38). However, the results associated with 

task self-efficacy were surprising. Although the correlations were relatively small and the 

magnitudes did not cross the threshold needed to be interpreted as meaningful, individuals 

with higher task self-efficacy actually constructed lower-quality keychains than individuals 

with lower task self-efficacy (r = -0.08), but completed the task faster (r = 0.12). 

3.3.2 Chair Task 

 The analyses associated with the chair assembly task are somewhat complex given 

that 32 participants completed the task in pairs and 27 participants completed the task 

individually. The dependent variable associated with performance on this task is speed of 
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completion. In order to determine whether there was a fundamental difference in chair task 

performance between the dyads and individuals, an independent samples t-test was 

conducted to assess whether there was a significant difference in chair assembly 

completion speed between the two groups. On average, dyads assembled the chair around 

4 minutes faster than individuals (M dyads = 9.89, M individuals = 14.03). The t-test revealed 

that this difference was in fact significant (t = -3.51, p < 0.01). Because of this difference, 

data for individuals and dyads were not combined. Ultimately, completing the chair in 

dyads is a critical component of the study’s design. This was crucial because allowing 

participants to complete the task with another person enhanced the ecological validity of 

the experiment. Additionally, hypotheses were developed under the assumption that 

participants would complete the task in pairs. Accordingly, only the data used from the 

dyads were used to assess the study’s hypotheses and included in this section. See 

Appendix B for a table that describes the observed correlations and hypothesis tests. One 

participant indicated that they had zero self-efficacy for the task and they were removed 

from analyses associated with chair task self-efficacy, just as the two participants who 

reported zero self-efficacy for the keychain task. A component of additional analyses was 

conducted using the data from participants who completed the task individually in which 

data from both dyads and individuals were integrated, and those results were included in 

the exploratory analyses section.  

 Abilities did not display meaningful relationships with chair task performance. The 

correlations of chair completion speed with fluid and crystallized intelligence were both in 

the expected directions (r fluid = 0.18, r crystallized = 0.10), but both were smaller than expected 

and neither magnitude was large enough to cross the threshold used to define meaningful 
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correlations in the context of this study. However, there were eight non-ability traits that 

were meaningfully correlated with chair task performance. In terms of personality, the 

meaningful findings were consistent with the relationships hypothesized prior to data 

collection. Individuals who were higher on conscientiousness and nAch and lower of 

neuroticism were likely to assemble that chair faster than individuals who were lower on 

conscientiousness and nAch and higher on neuroticism (r consc = 0.40, r nAch = 0.34, r neur = 

-0.26). Results also suggest that motivational traits play an important role in performance 

on the chair task. Participants who scored higher on the approach-oriented motivation sub-

scales (i.e., desire to learn, mastery) and lower on the aversion-relation motivation sub-

scales (i.e., worry in achievement contexts, emotionality in achievement contexts) 

assembled the chair faster than participants who scored lower on the approach-oriented 

motivation sub-scales and higher on the aversion-related motivation sub-scales (r DTL = 

0.48, r mast = 0.22, r worry = -0.46, r emot = -0.43).  

It is worth noting that while many of the correlations associated with non-ability 

traits and chair task performance are of magnitudes large enough to be considered 

meaningful, several are noticeably higher than hypotheses predicted (e.g., 

conscientiousness, desire to learn, worry in achievement contexts). All vocational interest 

themes as well as the personality traits and MTQ sub-scales not mentioned displayed non-

meaningful correlations with completion speed on the chair task. Finally, the results 

associated with the relationships of prior experience and task-self efficacy with chair task 

performance were similar to those associated with the keychain task. Specifically, prior 

experience (r PE = 0.34) displayed a meaningful correlation with completion time, while 

completion time (r PE = 0.16) did not. 
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3.3.3 Traffic Calming Task 

 In order to investigate the relationships between with traffic calming task 

performance, abilities, non-ability traits, and proximal variables were correlated with 

participants’ traffic calming solution presentation scores. Task time allocation was not 

addressed in specific hypotheses and was therefore included in the exploratory analyses 

section. Similar to the keychain task, two participants indicated zero self-efficacy to 

complete this task and were therefore excluded from analysis containing task self-efficacy 

measures. 

 Only two individual differences measures showed meaningful correlations with 

traffic calming task performance. Consistent with the results from the keychain task, 

individuals higher in fluid intelligence constructed higher-quality traffic calming solution 

presentations than individuals lower in fluid intelligence (r = 0.42) and the magnitude of 

the correlation was high enough for the relationship to be interpreted as meaningful. The 

correlation between crystallized intelligence task performance was in the direction 

anticipated (r = 0.21), however the magnitude was smaller than 0.30, indicating that the 

association is not meaningful in the context of this study. Self-concept also played a 

meaningful role in task performance. While higher levels of spatial self-concept were 

associated with higher levels of performance on the keychain and chair tasks, higher levels 

of verbal self-concept were associated with higher levels of performance on the traffic 

calming task (r = 0.29). This is in line with expectations because the traffic calming task 

was designed to sample verbal abilities with the other two tasks were designed to sample 

spatial and perceptual speed abilities. The remaining non-ability traits did not display 

meaningful correlations with traffic calming performance. However, it is worth noting that 
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several personality traits (e.g., openness to experience, TIE) and vocational interest themes 

(e.g., Investigative, Artistic) were correlated with performance at magnitudes just shy of 

the 0.20 threshold. These traits might warrant further investigation in future studies. 

Finally, both proximal variables measured in this study did not display meaningful 

correlations with task performance (r PE = 0.01, r SE = 0.01). 

3.3.4 Correlations between task outcomes.  

In order to investigate the potential of broad vs. narrow predictors of real-world 

intellectual performance, each task outcome was correlated with other task outcomes. See 

Table 17 for the complete correlation matrix associated with these analyses. Correlations 

between keychain task and traffic calming task performance used the entire sample of 59 

participants, while correlations involving the chair task included only the 32 participants 

who completed the task in dyads. Additionally, all keychain variables were derived from 

participants’ first attempt at the task. 

In parallel with expectations, higher performance was correlated on each of the three 

tasks. This means that all things being equal, participants who performed well on one task 

generally performed well on the other two tasks as well, but not by an overwhelming 

amount. Also unsurprisingly, performance on the two dependent variables associated with 

keychain task (i.e., quality and speed) displayed a higher raw correlation than variables 

from different tasks. However, between-task correlations were generally smaller than 

expected. Correlations between keychain quality and chair completion time, keychain 

quality and traffic calming solution presentation quality, keychain completion time and 

chair completion time, and chair completion time and traffic calming all fell below the 

threshold of +/- 0.30 that typically characterizes moderate correlations. The only 
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hypothesis that fell within the hypothesized range was the correlation between keychain 

completion time and traffic calming solution presentation quality. This correlation is also 

the only correlation between task outcomes that crosses the 0.30 threshold that 

characterizes meaningful correlations in the context of this study. Together, these results 

tend to favour the “narrow” side of the debate between broad vs. narrow predictors because 

the small correlation between task outcomes indicates specialization. 

Table 17 – Correlations between task outcomes. 

 

 

 

 

Keychain quality 

 

 

Keychain Speed 

 

Chair Speed 

 

Traffic Solution 

 

Keychain quality     

Keychain speed 0.46    

Chair speed 0.16 0.14   

Traffic Solution 0.18 0.33 0.13  

3.4 Exploratory Analyses 

Although the analyses presented in this section were not conducted to test 

relationships or effects hypothesized prior to data collection, they provide supplementary 

information that aids in interpretation of the study’s results. The exploratory analyses are 

divided into seven sub-sections. The first two sub-sections build upon the analyses 

presented in the previous sections; they involve the relationships between person attributes 

and “real-world” task performance. All results presented in the previous section are 

correlational. The results in these two sub-sections extend these by investigating the extent 

to which person attributes predict task performance and the relationship between task 

performance and the ability and non-ability trait factor structures presented in Section 3.2. 
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The next three sub-sections in this section involve task measures that were collected but 

were not included in hypotheses for one of two reasons: 1) theory did not provide sufficient 

justification to make confident predictions, or 2) the variables were not indicative of 

performance, yet provide additional insight into how individuals with different attributes 

approach real-world tasks. The next sub-section involves integrating the unused data from 

the chair task (i.e., the participants who completed the task individually). Finally, gender 

differences in both criterion and predictor variables are explored in the last sub-section. All 

exploratory analyses were conducted using ability composites and non-ability trait 

complexes for the purpose of parsimony and to avoid issues of multicollinearity in 

regression analyses.  

3.4.1 Hierarchical Regression 

For each of the three tasks, a series of 4 linear regression models was computed in 

order to determine which person attributes predict performance and the extent to which 

additional attributes provide incremental validity in prediction of performance. For each 

task outcome, variables were entered in order from distal to proximal. Ability composites 

were entered first, followed by non-ability trait complexes, followed by self-concept 

measures, followed by proximal variable measures (i.e., prior experience and task self-

efficacy). A model comparison approach was taken to assess incremental validity at each 

step of the process. Table 18 provides the hierarchical regression results for all 4 task 

performance variables. 

Hierarchical regression analyses revealed somewhat modest results. Abilities 

accounted for a significant proportion of variance in keychain quality (R2 = 0.13, F = 3.94, 

p = 0.03), keychain speed (R2 = 0.16, F = 4.96, p = 0.01), and traffic calming presentation 
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score (R2 = 0.20, F = 6.88, p < 0.01). The only performance variable in which abilities did 

not account for a significant proportion of variance was chair completion time (R2 = 0.04, 

F = 0.53, p = 0.60). The four non-ability trait complexes provided incremental validity over 

and above abilities only in the prediction of chair completion time (R2 = 0.31, Adj R2 = 

0.22, F = 2.88, p = 0.04), which is interesting given that the chair task was completed in 

pairs while they keychain and traffic tasks were completed individually. The change in R2 

associated with entering self-concept scores and proximal measures were not significant 

for any of the four variables, indicating that these measures did not provide incremental 

validity in the prediction of performance over and above ability and non-ability traits. 
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Table 18 – Hierarchical regression predicting task performance 

 K1 Quality K1 Speed Chair Speed Traffic Calming Presentation 

 R2 R2 
Adj. 

R2 

 

Adj. 

R2 

R2 R2 
Adj. 

R2 

 

Adj. 

R2 

R2 R2 
Adj. 

R2 

 

Adj. 

R2 

R2 R2 
Adj. 

R2 

 

Adj. 

R2 

Step 1 

 

0.13  0.10  0.16  0.12  0.04  -0.03  0.20  0.17  

Step 2 

 

0.15 0.02 0.05 -0.05 0.20 0.04 0.11 -0.01 0.35 0.31 0.19 0.22 0.25 0.05 0.16 -0.01 

Step 3 

 

0.20 0.05 0.07 0.02 0.23 0.03 0.10 -0.01 0.42 0.10 0.21 0.02 0.29 0.04 0.18 0.02 

Step 4 

 

0.28 0.08 0.12 0.05 0.27 0.04 0.11 0.01 0.42 0.00 0.14 -0.07 0.29 0.00 0.14 -0.04 

Note. R2 = Coefficient of determination which represents the proportion of variance in the dependent variable accounted for by the independent variables. 

Adj. R2 = Coefficient of determination corrected for the number of predictors included in the model. Statistics that are significant at the p = 0.05 level are 

presented in bold. Step 1 = ability trait complexes, Step 2 = non-ability trait complexes, Step 3 = self-concept measures, Step 4 = proximal variables 

measures. 
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3.4.2 Dwyer’s Extension Analysis 

While hierarchical regression analyses provide insights into the prediction of task 

performance based on person attributes, one might inquire about a related yet distinct 

question: To what extent are task performance variables related to the principal 

components and factor solutions derived from the attributes in question. In order to 

investigate this question, I used a factor extension method commonly known as “Dwyer’s 

extension” analysis (Dwyer, 1937). This method essentially extends a factor solution 

derived from a set of original variables to a second set (an “extension set”) of variables so 

that one can determine how the second set of variables loads on the factors derived from 

the original solution. This approach is preferable to including all variables in question in a 

single factor analysis because oftentimes, the original and extension variables contain 

linear dependencies. Perhaps most importantly, the dependent variables can influence the 

predictor factor structure. Dwyer’s extension analysis is a method that allows for the 

calculation of relevant factor loadings without influencing the original “predictor” factor 

structure (Gorsuch, 1997).  

Horn (1973) provided a straightforward equation to calculate an extension analysis 

solution: Pe = RePc (Pc’Pc)-1 R1
-1, where Pe is the pattern matrix associated with extension 

variables, Rc is a matrix of correlations between the original variables and the extension 

variables, Pc is the pattern matrix associated with the original solution, and R1 is a matrix 

of correlations between the factors from the original solution. This formula was used in 

order to determine the loadings of the task performance variables associated with the 

keychain and traffic calming tasks on the principal component solution associated with the 

ability tests and the factor solution associated with the non-ability traits that were presented 
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in Section 3.2.1. Performance on the chair task was not included in this analysis because 

only 32 participants completed the task as designed (i.e., in pairs). The results of the 

extension analysis are presented in Tables 19 and 20. Each table presents the loadings of 

the extension loading below the original solution. 

There are several important things to note based on these results. First, none of the 

extension loadings are as large as those associated with the predictor solution (especially 

in the case of non-ability traits), which fits the narrative that there are components of real-

world task performance that are not accounted for by traditional measures. Second, all three 

task variables loaded more substantially on fluid intelligence than they did on crystallized 

intelligence. Third, keychain quality and traffic calming presentation quality meaningful 

loadings on Factor 1, which is associated with openness to experience, typical intellectual 

engagement, Investigative interests, and Artistic interests. This provides initial evidence 

that these traits play a role in real-world task performance across two different domains. 

Additionally, keychain quality displayed a negative loading on Factor 3, which is mostly 

associated with neuroticism, worry in achievement contexts, and emotionality in 

achievement contexts. This loading is unsurprising given that that the keychain task 

involved more time pressure than the traffic calming task did. The positive loading of 

traffic calming presentation on this factor can likely be explained by the positive loadings 

of Investigative and Social interests on the same factor. Finally, both variables associated 

with the keychain task displayed negative loadings on Factor 5, which suggests that 

individuals high on extraversion who lack approach-oriented motivation and realistic 

interest performed poorly on the task. 
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Table 19 – Dwyer’s Extension: Abilities. 

 
PCA solution of abilities 

 
Component 1 Component 2 

MAB Comprehension 0.55 0.33 

General Information 0.86 0.22 

Extended Range Vocabulary 0.88 0.10 

Spatial Analogies 0.09 0.88 

Diagramming Relations 0.37 0.77 

 

 

Extension of Task Variables 

 

 Component 1 Component 2 

Keychain Quality 0.15 0.33 

Keychain Speed -0.11 0.17 

Traffic Calming Presentation 0.14 0.36 

Note. Loadings greater than 0.30 are presented in italics to indicate salience. 
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Table 20 – Dwyer’s Extension: Non-ability Traits. 

 

 

Factor 1 

 

Factor 2 Factor 3 Factor 4 Factor 5 

Openness 0.71 -0.11 0.08 0.06 0.04 

Conscientiousness 0.33 -0.03 -0.08 0.54 0.06 

Extraversion 0.16 0.44 -0.03 -0.04 0.60 

Neuroticism 0.07 -0.10 0.48 -0.09 -0.22 

nAch 0.01 0.06 -0.07 0.67 -0.03 

TIE 0.61 0.04 -0.07 0.32 -0.31 

Desire to learn 0.44 -0.08 0.01 0.65 -0.34 

Mastery 0.28 0.05 0.06 0.77 -0.24 

Other-oriented goals -0.11 0.60 0.39 0.07 -0.10 

Competitiveness -0.22 0.47 0.09 0.22 -0.02 

Worry in achievement 

contexts 
0.06 0.04 0.76 -0.03 -0.01 

Emotionality in 

achievement contexts 
-0.05 0.14 0.88 0.02 0.04 

Investigative interests 0.60 0.03 0.19 -0.01 -0.10 

Realistic interests 0.43 0.03 0.03 -0.03 -0.53 

Artistic interests 0.62 0.08 -0.07 -0.30 -0.00 

Social interests 0.55 0.49 0.21 0.23 0.02 

Enterprising interests 0.10 0.75 0.03 -0.02 0.07 

Conventional interests -0.01 0.49 -0.13 -0.01 -0.27 

 

 

Extension of Task Variables 

 

 Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 

Keychain Quality 0.32 -0.07 -0.13 -0.01 -0.21 

Keychain Speed 0.02 0.03 -0.07 -0.13 0.41 

Traffic Calming  0.29 0.00 0.21 0.10 0.09 

Note. Traits included in the trait complex associated with Factors 1-4 are presented in bold. 

Loadings greater than 0.30 are presented in italics to indicate salience. 
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3.4.3 Second Keychain Attempt 

As previously mentioned, participants who completed their first keychain before 

the time limit of 45 minutes were given the opportunity to construct a second keychain in 

the time remaining. This was done as a way to obtain extra data in the time that participants 

were in the lab. While no hypotheses were made regarding the second keychain, analyses 

led to some observations consistent with what was found regarding the first keychain 

attempt. Ability composites and non-ability trait complexes, along with self-concept and 

proximal measures, were correlated with keychain quality on the second attempt, as well 

an overall score for keychain completion. These correlations are depicted in Table 21.   

Four of the 59 participants did not complete a keychain and therefore did not 

attempt a second. Therefore, correlations associated with keychain completion included 

the full sample, while the correlations associated with quality of the second attempt only 

included the 55 participants who attempted the second keychain. Additionally, the 

participants who indicated zero self-efficacy was excluded from the self-efficacy 

correlations just as they were with the analyses associated with the first keychain attempt, 

leaving 57 participants who were included in the correlation between self-efficacy and 

overall completion and 53 participants who were included in the correlations between self-

efficacy and keychain quality associated with the second attempt. 

 In line with findings associated with performance on the first keychain, spatial self-

concept displayed moderate correlations with both quality of keychain 2 (r = 0.43) and 

overall keychain completion (r = 0.32). In addition to spatial self-concept, prior experience 

and task self-efficacy displayed meaningful correlations with task outcomes. Specifically, 

individuals with higher levels of prior experience were more likely to complete both 
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keychains (r = 0.30) and individuals with higher task self-efficacy completed higher quality 

keychains on their second attempt (r = 0.28). Interestingly, task self-efficacy played a more 

substantial role in keychain 2 quality than it did in keychain 1 quality (r = -0.08).  Finally, 

openness to experience, typical intellectual engagement, Investigative interests, and 

Artistic interests as well as other-oriented goals, competitiveness, Enterprising interests, 

Conventional interests, and extraversion displayed small correlations with keychain 

completion but near-zero relationships with keychain 2 quality.  

3.4.4 Dominance 

While the primary hypotheses associated with the chair task involved the influence 

of person attributes on performance, one could also posit that behavior during the task is 

linked to both performance to person attributes. Correlations were computed in order to 

explore the relationships between behavior during task engagement (i.e., participant 

dominance as rated by research assistants) and each variable of interest. Dominance is of 

particular interest in the context of this task because participants completed it in pairs. 

Based on this, only the 32 participants who completed the task with a partner were included 

in this portion of the analysis. These correlations are depicted in Table 21.  Just as in the 

primary analysis, an additional participant was removed from the correlation between task 

self-efficacy and dominance because he or she indicated zero self-efficacy for the task. 

Results indicated that dominance did not play a substantial role in task performance 

given that the correlation between dominance and completion speed was relatively small 

(r = 0.09). However, stronger relationships between person attributes and dominance were 

apparent. Specifically, dominance was moderately and positively correlated with fluid 

intelligence (r = 0.31), conscientiousness/nAch/desire to learn/mastery (r = 0.39), 
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openness/TIE/Investigative/Artistic (r = 0.31), spatial self-concept (r = 0.42), and prior 

experience (r = 0.36).  Crystallized intelligence, however, displayed the opposite effect. 

Although people with higher crystallized intelligence tended to complete the task slightly 

faster than individuals with lower crystallized intelligence (r = 0.10), they were also less 

likely to display dominant behavior during task engagement (r = -0.37). Finally, one might 

expect that the trait complex associated with other-oriented goals, competitiveness, 

Enterprising interests, Conventional interests, and extraversion would be positively 

correlated with dominance. However, findings indicated a lack of support for this 

expectation given that the correlation between this trait complex and dominance was 

relatively trivial (r = -0.01). 

3.4.5 Integrate chair task groups 

Given the study’s modest sample size, there is a desire to utilize as much data as 

possible. However, it is not theoretically justifiable to simply analyse the performance of 

individuals and dyads as if they are the same for two reasons. First, the pairing of 

participants was an essential component of the study that was designed to enhance 

ecological validity. Second, the dyads completed the task at a faster rate by an average of 

approximately four minutes. As a part of exploratory analyses, I attempted to integrate the 

data from the individuals and dyads by accounting for the differences in completion time. 

Specifically, I subtracted four minutes from the completion times of individuals who 

completed the task on their own and computed correlations between person attributes and 

completion speed for the entire sample of 59 participants. The purpose of this analysis was 

to explore whether I may have seen similar trends had the individuals completed the task 

in dyads. These correlations are depicted in Table 21.   
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The results of this analysis revealed a somewhat similar pattern to what was 

revealed in by correlations between person characteristics of individuals who completed 

the task in dyads and chair performance in the main analyses. However, several correlations 

were attenuated slightly after integration. Specifically, analyses revealed that  fluid 

intelligence (r = 0.13), openness/TIE/Investigative/Artistic (r = 0.19), spatial self-concept 

(r = 0.27), verbal self-concept (r = 0.19), prior task experience (r = 0.19), and task-self 

efficacy (r = 0.28) displayed small, positive non-trivial correlations with integrated 

completion speed. Conversely, Neuroticism/Worry/Emotionality (r = -0.13) and Other-

oriented goals/Competitiveness/Enterprising/Conventional/Extraversion (r = -0.27).  were 

negatively correlated with completion speed. It is particularly interesting that the trait 

complex including competitive excellence, Enterprising interests, and extraversion was 

negatively correlated with completion speed given that over half of participants completed 

the task in dyads. 
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Table 21 – Exploratory Correlational Analyses. 

 
Fluid 

intelligence 

Crystallized 

intelligence 

Conscientiousness, 

nAch, Desire to learn, 

Mastery 

Openness, TIE, 

Investigative, 

Artistic 

Neuroticism, 

Worry, 

Emotionality 

Other, 

Competitiveness, 

Enterprising, 

Conventional, 

Extraversion 

Spatial 

Self-

Concept 

Verbal 

Self-

Concept 

Prior 

experience 

Task 

Self-

efficacy 

Chair 

speed 

 

Keychain 2 

Quality 

 

0.23 0.14 0.02 -0.00 -0.08 0.02 0.43 -0.13 0.15 0.28  

Overall 

Keychain 

Completion 

0.24 -0.04 -0.00 0.14 -0.12 -0.18 0.32 0.06 0.30 -0.01  

 

Dominance 

 

0.31 -0.37 0.39 0.31 -0.10 -0.01 0.42 0.10 0.36 0.16 0.09 

Integrated 

Speed 
0.13 0.04 0.02 0.19 -0.13 -0.27 0.24 0.19 0.19 0.28  
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3.4.6 Time Allocation 

Completion time has been previously analyzed for both the keychain and chair 

tasks. However, overall completion time is not the only time-based variable of interest. In 

this section, I analyzed the differences in how participants allocated the time they engaged 

with each task. The precedence for considering question of time allocation during task 

engagement can be traced to Sternberg’s (1977) classic study that found that high ability 

individuals tend to spend more time in preparation stages and less time in task engagement. 

For the purpose of this study’s context, I used three different variables for each task in 

order to capture time allocation: with overall time spent on different task components, the 

proportion of overall time spent on difference task components, and the proportion of time 

spent on one task components vs. another with both task performance variables and 

participants’ scores on individual difference measures. The correlations between time 

allocation variables and performance variables are presented in Table 22 and the 

correlations between time allocation variables and individual differences are presented in 

Table 23. 

Interestingly, the relationships between time allocation and completion time 

differed between the two tasks that required spatial ability and perceptual speed. People 

who spent more time on the computer generally took longer to construct their keychains (r 

co/o = -0.21, r co/k = -0.23), while people who spent more time looking at instructions 

generally assembled the chair faster (r i/o = 0.32, r i/ch = 0.38). This difference might be 

attributed to the difference in task ambiguity. Perhaps individuals who spent more time on 

the computer took extensive time to search for different resources (therefore slowing them 

down), while individuals who spent more time looking at instructions developed a plan that 
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allowed them to assemble the chair quickly, in a straightforward manner. In regard to the 

traffic calming task, participants who spent more time researching produced slightly higher 

quality traffic calming solutions (r r/o, qual = 0.14).This is in line with Sternberg’s (1977) 

findings as more preparation time was correlated with better performance.  

The correlations computed between individual difference measure scores and task 

performance variables revealed somewhat different patterns than what one might expect 

based on Sternberg’s (1979) findings. In both the keychain task and the chair task, higher 

ability individuals generally spent higher proportions of their time on the task itself (r fluid, 

c/o  = 0.22; r fluid, i/o = 0.21), yet ability had very little influence on the amount of time spent 

in preparation stages (r fluid, k/o = 0.02; r fluid, ch /o = 0.01) or time ratio of time spent on each 

component(r fluid, co/k = 0.01; r fluid, i/ch = -0.01). The same pattern held true for more proximal 

variables, such as spatial self-concept, prior task experience, and task self-efficacy. This 

implies that in the case of these hands-on tasks, high performers were able spend time 

working on the task (i.e., either constructing the keychain or assembling the chair) while 

spending a similar amount of time on preparation. In other words, they were likely 

switching back and forth between preparation and task engagement more frequently. In a 

sense, the high ability individuals were able to multi-task. Conversely, the personality trait 

complex most strongly associated with traffic calming task performance, 

Openness/TIE/Investigative/Artistic (r = 0.26), and prior experience (r = 0.25) were 

positively correlated with time spent on research This is more indicative of support for 

Sternberg’s findings. These differences may point to a fundamental difference in how high 

performers allocate their time on tasks that are more hands on vs. mentally demanding.
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Table 22 – Correlations between time allocation and performance variables. 

 co/o k/o co/k 
K1 

quality 
K1 speed i/o ch/o i/ch 

Chair 

speed 
r/o p/o r/p pres 

co/o              

k/o 0.04             

co/k 0.97 -0.13            

K1 quality 0.00 0.02 0.02           

K1 speed -0.21 0.12 -0.23 0.46          

i/o 0.22 0.06 0.22 -0.04 0.10         

ch/0 -0.07 0.14 -0.07 0.11 0.12 0.21        

i/ch 0.25 0.04 0.24 -0.05 0.06 0.95 -0.08       

Chair 

speed 
0.07 0.05 -0.05 0.09 0.28 0.32 -0.20 0.38      

r/o -0.21 0.02 -0.20 0.11 0.01 -0.28 -0.02 -0.28 -0.03     

p/o 0.18 0.03 0.19 0.11 -0.19 0.05 0.09 0.07 0.09 0.16    

r/p -0.23 0.01 -0.23 0.09 0.09 -0.30 -0.13 -0.30 -0.07 0.81 -0.39   

pres -0.16 0.33 -0.20 0.18 0.33 0.09 0.05 0.11 0.17 0.14 -0.04 0.13  

 

 



 95 

Table 23 – Correlations between time allocation and individual differences 

 co/o k/o co/k i/o ch/o i/ch r/o p/o r/p 

          

Fluid intelligence 0.02 0.22 0.01 0.01 0.21 -0.01 -0.03 0.08 -0.08 

Crystallized 

intelligence 
0.03 -0.01 0.05 -0.17 -0.07 -0.14 0.11 0.23 -0.02 

Conscientiousness, 

need for 

achievement, 

desire to learn, 

mastery 

0.15 0.08 0.12 0.11 0.16 0.06 -0.02 0.06 -0.01 

Openness, TIE, 

Investigative, 

Artistic 

-0.01 -0.01 -0.01 -0.01 -0.15 0.04 0.26 -0.04 0.24 

Neuroticism, 

Worry, 

Emotionality 

-0.26 -0.26 -0.24 -0.12 -0.02 -0.11 0.12 -0.01 0.07 

Other-oriented 

goals, 

competitiveness, 

Enterprising, 

Conventional, 

Extraversion 

0.06 0.06 0.08 -0.10 0.17 -0.19 0.16 -0.07 0.16 

Spatial self-

concept 
0.08 0.21 0.04 0.07 0.20 0.01 0.05 0.18 -0.01 



 96 

Verbal self-

concept 
-0.11 0.04 -0.12 -0.09 -0.27 -0.01 0.06 -0.06 0.10 

Prior experience -0.05 0.18 -0.07 0.09 0.11 0.05 0.25 0.13 -0.07 

Task Self-Efficacy 0.05 0.19 0.04 -0.00 0.13 -0.04 -0.04 0.07 -0.01 
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3.4.7 Gender differences 

In Chapter 1, I reviewed a particularly relevant study that investigated gender 

differences in the ability to assemble IKEA furniture. The study found that men were more 

efficient than women in assembling an IKEA kitchen trolley and that the differences in 

assembly speed could be accounted for by gender differences in spatial ability (Wiking et 

al., 2016). This study’s findings suggest that it would be relevant to investigate gender 

differences on each of the four major criterion variables associated with the tasks utilized 

in this study. In contrast to Wiking et al.’s (2016) findings, I did not find a significant 

difference between men and women in terms of assembly speed on the chair task (t = -1.73, 

p = 0.09). There was also not a significant gender effect in terms of keychain quality (t = -

0.26, p = 0.80). However, there were significant gender effects for keychain speed (t = -

2.62, p = 0.01) and traffic calming solution presentation (t = -2.76, p = 0.01). Women 

finished their first keychain attempt faster than men (M men = 22.40, SD men = 11.34, M women 

= 16.16, SD women = 6.96) and delivered higher quality traffic calming solutions than men 

(M men = 46.30, SD men = 14.90, M women = 54.48, SD  women = 7.66). 

Given the two significant gender effects on criterion variables associated with the 

study, I also investigated whether or not there were significant gender effects on predictor 

variables that might account for the effects described. The only significant gender effect 

found related to the abilities, non-ability traits, and proximal variables measured in this 

study was on prior experience related to the keychain task (t = -4.83, p < 0.01). In this 

instance, women had higher levels of prior experience associated with the keychain task 

than men which might explain their ability to complete the task at a more rapid pace. 

However, it is worth noting that both significant effects might simply be a result of 
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restriction of range associated with the small sample size (i.e., 24 women). Women had 

noticeably lower standard deviations than men on both significant criterion variables, 

indicating that this may indeed be the case. As a result, these results should be interpreted 

with caution. 
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CHAPTER 4. DISCUSSION 

4.1 Summary and Implications 

4.1.1 The Gap Between Traditional Assessment and Real-World Performance 

 My primary objective for conducting this study was to highlight a gap between real-

world intellectual performance and the way that psychologists traditionally measure 

abilities. The approach involved updating and expanding Demming and Pressey’s work 

(1957) by creating three ecologically valid experimental tasks designed to represent tasks 

that adults might encounter in day-to-day activities. There was a large number of 

correlations hypothesized prior to data collection, but the overall pattern of results was 

consistent with the claim that there is a substantial difference between what traditional 

assessments measure and task performance in a hands-on, real-world context.  Appendices 

A, B, and C display 65 correlations between traditional individual differences measures 

and task performance. Of these 65 correlations, none would be classified as a “large” 

correlation under Cohen’s (1988) criteria.  Each correlation was either moderate or small.  

 The fact that all correlations were moderate or small suggests that there may be 

more that goes into adult intellect than the traditional assessments capture. This gap is 

likely related to key situational differences between the ways that traditional assessments 

are conducted and the way that these tasks were implemented. On one hand, the traditional 

assessments largely involved questions presented in multiple-choice format in which 

participants were required to quickly recognize a single correct answer. The environment 

was very structured and participants were restricted in terms of resources available to them. 

On the other hand, the tasks completed during the experiment represented less structured 

and less restrictive environments. Participants were given more hands-on, open-ended 

tasks in which there was no one best answer or no one best approach. They were also given 
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access to Internet resources that are readily available to them in everyday environments. 

The situational characteristics of the experimental tasks were intended to more closely 

resemble situational characteristics of real-world problem-solving contexts, including both 

work and non-work domains. The small to moderate relationships that this study found 

between traditional assessments and task performance support Ackerman’s (2017) call to 

develop more relevant assessments of adult capabilities that are critical for performance in 

the 21st century.  

4.1.2 Abilities, Non-Ability Traits, and Task performance 

Fluid intelligence and crystallized intelligence were both related to task performance 

relatively consistently. Additionally, abilities generally predicted aspects of task 

performance that involved the quality of the task solution (i.e., quality of keychain, quality 

of traffic calming solution) more consistently than aspects of task performance involving 

speed of completion (i.e., keychain and chair completion time). This suggests that abilities 

might play a more substantial role in real-world tasks in which speed is a not a primary 

factor in determining performance, as it sometimes is in traditional assessments of fluid 

and crystallized intelligence. In addition to these correlational findings, results from factor 

extension analysis highlight a gap between traditional ability assessments and real-world 

problem-solving capabilities. Task performance variables displayed trivial loadings on a 

crystallized intelligence components and loadings on a fluid intelligence component that 

were noticeably lower than those of the Spatial Analogies or Diagramming Relations tests. 

Together, these results indicate that adult abilities are more nuanced than the traditional 

way that fluid and crystallized intelligence are measured.  

One way that the gap might be closed between ability tests and real-world intellectual 

performance is by considering non-ability traits that share common variance with abilities 
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(Ackerman & Heggestad, 1997). Non-ability traits may play an even more critical role in 

realistic contexts than they do in traditional testing environments because realistic contexts 

represent “typical” performance while testing environments represent “maximal” 

performance (Ackerman, 1994). Generally speaking, two of the non-ability trait complexes 

were positively related to “real-world” task performance and two of the complexes were 

negatively related to performance. Individuals high on the trait complexes that included 

conscientiousness, nAch, and approach-oriented motivation, as well as openness to 

experience, typical intellectual engagement, Investigative interests, and Artistic interests 

generally displayed above average scores on all tasks. Individuals high on the trait 

complexes associated with neuroticism and avoidance-related motivation as well as 

competitive excellence, Enterprising interests, Conventional interests, and extraversion 

generally displayed below average scores on all tasks. These results indicate that non-

ability traits may play a non-trivial role in real-world task performance and should be 

considered in ecologically valid assessments of real-world problem solving. 

Proximal variables were related to task performance as well. Self-concept was 

moderately correlated with each task performance variable in the study. Spatial self-

concept was correlated with performance on both of the hands-on tasks that required spatial 

ability and perceptual speed (i.e., the keychain and chair tasks) and verbal self-concept was 

correlated with performance on the more verbally oriented traffic calming task. The role of 

prior experience and task self-efficacy was a bit inconsistent across tasks. Prior experience 

seemed to play more substantial role in the keychain and chair tasks than it did in the traffic 

calming task. These results indicate the possibility that prior experience is more important 

for tasks that require hands-on engagement and spatial ability/perceptual speed.  
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Correlations of task-self efficacy with chair task performance were closer to 

expectations than correlations of task-self efficacy with keychain or traffic calming 

performance. A potential explanation for this difference might be that individuals had more 

experience with skills related to the chair task (e.g., using tools, following instructions) 

than they did for the more unusual traffic or keychain task components. Perhaps 

participants were able to make more accurate efficacy judgements for this task as a result. 

While the influence of proximal variables varied in terms of consistency across task 

domains, it remains plausible that these variables play a role in real-world problem solving. 

The results of this study indicate that distal non-ability traits and more proximal individual 

differences might play a role in bridging the gap between how we typically assess 

intelligence and how adults approach problems in realistic contexts. 

4.1.3 Broad vs. Narrow Measurement of Real-World Intelligence 

Another critical question pertaining to this study involves the extension of the 

classic debate between a broad vs. narrow measurements of intelligence (i.e., Brunswik 

symmetry) to a more ecologically valid, realistic context. This debate was investigated by 

analyzing correlations between outcomes associated with different tasks. Results indicated 

that only one correlation between task outcomes (keychain completion time and traffic 

calming solution score) crossed Cohen’s threshold of 0.30 that typically characterizes a 

moderate correlation. Each of the other correlations between task outcomes are considered 

small correlations. These small correlations suggest support for the perspective that narrow 

factors of intelligence accounted for performance. However, one would expect that if 

narrow factors did play a role, the outcomes on the keychain and chair tasks would be more 

strongly correlated than outcomes on the traffic calming task because the abilities required 
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by the keychain and chair tasks are somewhat similar. This, however, was not the case. All 

correlations between keychain and chair task variables were classified as small. Therefore, 

the evidence gathered to investigate the debate between broad and narrow measurement of 

real-world intelligence provided somewhat mixed support.  

4.2 Limitations 

There are five limitations that should be taken into account when interpreting the 

results of this study. The most obvious limitation to consider is the study’s modest sample 

size. Unfortunately, the data collection phase of this study was truncated because the global 

pandemic associated with COVID-19, preventing the experimental protocol from being 

carried out in person. As a result, the study’s sample was smaller than expected. This 

limitation is particularly strong for the results involving the chair assembly task. Only 32 

participants were able to complete the task in pairs before data collection was halted. 

Therefore, any conclusions drawn from the chair assembly task should be interpreted with 

caution. 

Next, the results of the hypothesis tests associated with this study must be interpreted 

with an important qualification related to power. As Ackerman and Hambrick (2020) 

pointed out, it is often difficult to detect small differences in correlations because it requires 

a large sample size to achieved the desired power to do so. For example, the authors point 

out that it would require a sample size of N = 1000 to detect a difference of 0.1 when the 

smallest correlation is r = 0.3. While this might explain the relatively low power estimates 

revealed by post-hoc analyses, it does not justify concluding without doubt that there are 

not meaningfully different correlations between predictor and criterion variables in the 

population. 
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This study is also limited by the fact that one of the tasks did not turn out to be as 

difficult as expected. Prior to the study, the chair task was designed to be representative of 

a challenging furniture assembly task. When the modern adult attempts such a task, he or 

she often turn to the Internet for help, whether in the form of YouTube videos or diagrams. 

However, the chair task turned out not to be much of a challenge. Participants were aware 

that they could access the Internet during task engagement, but none of them took 

advantage of this option. All participants were able to assemble the chair using the 

instruction manual provided. The conclusions that can be drawn from the results associated 

this task are limited because the task did not challenge participants in the way it was 

intended to.  

Another key limitation of this study involves characteristics of the sample 

population. While the scope of this study extends beyond college undergraduates, an 

undergraduate sample was used. This was a proof of concept study – meaning that the goal 

was to highlight an important gap in measurement vs. real-world performance and this 

sample was sufficient for doing so. However, it is possible that adults of different age 

groups approach tasks such as these in fundamentally different ways. Also, the sample of 

Georgia Tech undergraduates is much higher in mathematical, spatial, and verbal abilities 

than the population large. It is possible that the average 20-25 year old might not be able 

to construct the paracord keychain in the time allotted. For these reasons, the takeaways of 

this study should not be generalized to an adult population given that the sample did not 

accurately represent diverse adult populations. 

A final limitation of this study involves two peculiarities encountered during data 

analysis. First, the Number Series test (a well-validated fluid intelligence test) displayed 
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unusually high correlations with tests of crystallized intelligence and unusually low 

correlations with tests of fluid intelligence. As a result, I was unable to use this test in my 

analyses. Second, a “Heywood case” prevented the extraction of a principal axis factor 

solution for the ability data. This was likely a consequence of the study’s modest sample 

size, but it required the use of a principal components solution rather than a principal axis 

solution. Each of these circumstances prevented the full use of data analysis procedures 

that would have been desired and this should be taken into consideration when interpreting 

this study’s results. 

4.3 Recommendations for Future Research 

While this study reveals mixed support for many hypotheses, it was successful in 

accomplishing its primary goal: to highlight a disconnect between how abilities are 

typically measured and the way that adults use abilities in the real-world. Now that this 

disconnect has been identified, there are a number of ways that this research agenda could 

be advanced. In this section, I offer three recommendations for future research to consider. 

First, there is a significant need to develop more relevant assessments of adult knowledge 

and skills. This study has shown what traditional measures of knowledge and skills fail to 

account for. The next step in this research should involve improving upon these measures 

and creating new ones. This study provides a potentially promising direction: using tasks 

that are more representative of the 21st century problem-solving contexts. Future research 

should build off of this idea and continue developing realistic ways to assess problem-

solving. This should involve allowing participants access to modern technology that 

typically enhances problem-solving (i.e., the Internet). The next step in this process should 
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involve identifying profiles of individuals who can utilize information search strategies and 

articulate solutions to open-ended problems that do not have definitive solutions. 

Second, future studies should integrate measures of abilities, distal non-ability traits, 

and more proximal variables. At this point, there is extensive empirical evidence of shared 

variance among ability and non-ability traits (Ackerman 2000; Ackerman, Charro-

Premzic, & Furnham, 2011; Ackerman & Heggestad, 1997). I suggest that each trait level 

(i.e., distal to proximal) plays a role in real-world performance. If there is a desire to 

improve predictions of intellectual performance in the real-world, it will be necessary to 

consider a broad variety of traits that range from distal to proximal. Researchers should 

integrate traits from these different domains in order to capitalize on common variance and 

create a more holistic picture of real-world performance.  

Third, future studies should build upon this work and extend the research approach 

to broader contexts. This broader context should include both different samples and 

different task requirements. In terms of samples, future research should examine whether 

the same gap that exists between traditional assessment and real-world performance exists 

in samples other than college undergraduates. For example, researchers might look at older 

populations or specific employment groups. In regard to task characteristics, these tasks 

were selected as examples of tasks that adults might encounter in the real-world. There are 

other tasks that adults might encounter in everyday life that require different abilities than 

the tasks that were used in this study. For example, none of these tasks required numerical 

ability. Future studies might design tasks that require numerical ability, but are more 

practically relevant than traditional measures that test numerical ability (i.e., the Number 

Series test.). Additionally, future studies might investigate tasks that are encountered in 
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everyday job tasks in order to more accurately reflect the problem-solving environment of 

particular jobs or employment groups.
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APPENDIX A. KEYCHAIN TASK CORRELATIONAL HYPOTHESES AND ANALYSIS 

Variable 1 Variable 2 
Hypothesized 

Correlation 

Observed 

correlation 

Hypothesis Test 

(Compared 

against a fixed 

value) 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

Fluid intelligence 
Keychain 1 

Quality 
0.35 to 0.49 

 

0.36 

 

 

Against 0.35: 

z = 0.06 

p = 0.95 

 

Against 0.49: 

z = 0.84 

p = 0.40 

 

No Yes Yes Yes 

 

Fluid intelligence 

 

Keychain 1 

Speed 
0.35 to -0.49 0.18 

 

Against -0.35: 

z = 0.97 

p = 0.33 

 

Against     -0.49: 

z = 1.87 

p = 0.06 

 

No, but upper bound 

is close 
Yes No Mixed 

 

Crystallized intelligence 

 

Keychain 1 

Quality 
0.30 0.24 

z = 0.34 

p = 0.73 
No Yes No Mixed 

 

Crystallized intelligence 

 

Keychain 1 

Speed 
0.30 -0.25 

z = 2.99 

p < 0.001 
Yes No No No 

 

Conscientiousness 

 

Keychain 1 

Quality 
0.30 0.01 

z = 1.58 

p = 0.11 
No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

Conscientiousness 

 

Keychain 1 

Speed 
0.30 0.24 

z = 0.34 

p = 0.73 
No Yes Yes Yes 

 

nAch 

 

Keychain 1 

Quality 
0.30 0.06 

z = 1.32 

p = 0.19 
No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 
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Variable 1 Variable 2 
Hypothesized 

Correlation 

Observed 

correlation 

Hypothesis Test 

(Compared 

against a fixed 

value) 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

 

nAch 

 

Keychain 1 

Speed 
0.30 0.18 

z = 0.67 

p = 0.50 
No Yes No Mixed 

 

Desire to learn 

 

Keychain 1 

Quality 
0.30 0.12 

z = 1.00 

p = 0.32 
No Yes No Mixed 

 

Desire to learn 

 

Keychain 1 

Speed 
0.30 -0.07 

z = 2.01 

p = 0.04 
Yes No No No 

 

Mastery 

 

Keychain 1 

Speed 
0.30 0.05 

z = 1.37 

p = 0.17 
No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

Mastery 

 

Keychain 1 

Speed 
0.30 0.02 

z = 0.53 

p = 0.13 
No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

Spatial Self-Concept 

 

Keychain 1 

Quality 
0.30 0.26 

z = 0.23 

p = 0.82 
No Yes Yes Yes 

 

Spatial Self-Concept 

 

Keychain 1 

Speed 
0.30 0.29 

z = 0.06 

p = 0.95 
No Yes Yes Yes 

 

Realistic interests 

 

Keychain 1 

Quality 
0.30 0.37 

z = 0.42 

p = 0.68 
No Yes Yes Yes 

 

Realistic interests 

 

Keychain 1 

Speed 
0.30 0.16 

z = 0.78 

p = 0.43 
No Yes No Mixed 

 

Prior Experience 

 

Keychain 1 

Quality 
0.30 0.28 

z = 0.12 

p = 0.91 
No  Yes Yes Yes 

 

Prior Experience 

 

Keychain 1 

Speed 
0.30 0.38 

z = 0.48 

p = 0.63 
No  Yes Yes Yes 

 

Task Self-Efficacy 

 

Keychain 1 

Quality 
0.50 to 0.60 -0.05 

Against 0.50: 

z = 3.11 

p < 0.01 

 

Against 0.60: 

z = 3.86 

p < 0.01  

Yes No No No 
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Variable 1 Variable 2 
Hypothesized 

Correlation 

Observed 

correlation 

Hypothesis Test 

(Compared 

against a fixed 

value) 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

 

 

 

Task Self-Efficacy 

 

Keychain 1 

Speed 
0.50 to 0.60 0.12 

Against -0.50: 

z = 2.23 

p = 0.03 

 

Against -0.60:  

z = 2.98 

p < 0.01 

 

 

Yes No No No 

 

Neuroticism 

 

Keychain 1 

Quality 
0.30 0.08 

z = 1.10 

p = 0.27 
No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

Neuroticism 

 

Keychain 1 

Speed 
-0.30 -0.21 

z = 0.46 

p = 0.64 
No Yes Yes Yes 

 

Worry in achievement 

contexts 

 

Keychain 1 

Quality 
-0.30 -0.10 

z = 1.11 

p = 0.27 
No Yes No Mixed 

 

Worry in achievement 

contexts 

 

Keychain 1 

Speed 
-0.30 -0.15 

z = 0.84 

p = 0.40 
No Yes No Mixed 

 

Emotionality in achievement 

contexts 

 

Keychain 1 

Quality 
-0.30 -0.16 

z = 0.78 

p = 0.43 
No Yes No Mixed 

 

Emotionality in achievement 

contexts 

 

Keychain 1 

Speed 
-0.30 -0.07 

z = 1.27 

p = 0.21 
No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

Conventional interests 

 

Keychain 1 

Quality 
0.30 -0.14 

z = 2.38 

p = 0.02 
Yes No No No 

 

Conventional interests 

 

Keychain 1 

Speed 
0.30 -0.19 

z = 2.66 

p = 0.01 
Yes No No No 

 

Other-oriented goals 

Keychain 1 

Quality 
0.30 0.00 

z = 1.64 

p = 0.10 
No No No 

No, can’t reject 

hypothesis but 
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Variable 1 Variable 2 
Hypothesized 

Correlation 

Observed 

correlation 

Hypothesis Test 

(Compared 

against a fixed 

value) 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

 correlation is in 

wrong direction 

and near-zero 

 

Other-oriented goals 

 

Keychain 1 

Speed 
0.30 -0.11 

z = 2.22 

p = 0.03 
Yes No No No 

 

Competitiveness 

 

Keychain 1 

Quality 
0.30 0.10 

z = 1.11 

p = 0.27 
No Yes No Mixed 

 

Competitiveness 

 

Keychain 1 

Speed 
0.30 0.04 

z = 1.43 

p = 0.15 
No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 
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APPENDIX B. CHAIR TASK CORRELATIONAL HYPOTHESES AND ANALYSIS (DYADS ONLY) 

 

Variable 1 

 

Variable 2 
Hypothesized 

Correlation 

Observed 

correlation for 

dyads 

Hypothesis Test 

(Compared 

against a fixed 

value) 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

 

Fluid intelligence 

 

Time 0.35 to 0.49 0.18 

 

Against 0.35: 

z =0.70 

p = 0.48 

 

Against 0.49: 

z = 1.35 

p = 0.18 

No Yes No Mixed 

 

Crystallized intelligence 

 

Time 0.30 0.10 
z = 0.80 

p = 0.43 
No Yes No Mixed 

 

Conscientiousness 

 

Time 0.30 0.40 
z = 0.43 

p = 0.66 
No Yes Yes Yes 

 

nAch 

 

Time 0.30 0.34 
z = 0.17 

p =0.87 
No Yes Yes Yes 

 

Desire to learn 

 

 

Time 

 

0.30 0.48 
z = 0.81 

p = 0.42 
No Yes Yes Yes 

 

Mastery 

 

Time 0.30 0.22 
z = 0.33 

p = 0.74 
No Yes Yes Yes 

 

Spatial Self-Concept 

 

Time 0.30 0.46 
z = 0.72 

p = 0.47 
No Yes Yes Yes 

 

Realistic interests 

 

Time 0.30 0.13 
z = 0.68 

p =0.50 
No Yes No Mixed 

 

Extraversion 

 

Time 0.30 0.04 
z = 1.03 

p = 0.30 
No Yes No 

No, can’t reject 

hypothesis and 

correlation is in 

correct direction, 

but strength is 

near-zero 
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Conventional interests 

 

 

Time 

 

0.30 

 

-0.05 

 

z = 1.37 

p = 0.17 

 

No 

 

No 

 

No 

No, can’t reject 

hypothesis but 

correlation is in 

wrong direction 

and near-zero 

 

Other-oriented goals 

 

Time 0.30 -0.19 
z = 1.91 

p = 0.06 
No No No 

 

No, can’t reject 

hypothesis but 

correlation is in 

wrong direction. 

 

Competitiveness 

 

Time 0.30 -0.09 
z = 1.52 

p = 0.13 
No No No 

 

No, can’t reject 

hypothesis but 

correlation is in 

wrong direction 

and near-zero 

 

Neuroticism 

 

Time -0.30 -0.26 
z = 0.17 

p = 0.87 
No Yes Yes Yes 

 

Worry in achievement contexts 

 

Time -0.30 -0.46 
z = 0.72 

p = 0.47 
No Yes Yes Yes 

 

Emotionality in achievement 

contexts 

 

Time -0.30 -0.43 
z = 0.57 

p = 0.57 
No Yes Yes Yes 

 

Prior experience 

 

Time 0.30 0.34 
z = 0.17 

p = 0.87 
No Yes Yes Yes 

 

Task self-efficacy 

 

Time 0.50 to 0.60 0.16 

 

Against 0.50: 

z = 1.45 

p = 0.15 

 

Against 0.60:  

z = 1.99 

p  = 0.05 

 

 

No Yes No Mixed 



 114 

APPENDIX C. TRAFFIC CALMING TASK CORRELATIONAL HYPOTHESES AND ANALYSIS  

 

Variable 

 

Variable 2 

 

Hypothesized 

Correlation 

 

Observed 

Correlation 

 

Hypothesis Test 

(Compared 

against a fixed 

valued) 

 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

 

Fluid intelligence 

 

Presentation Score 0.35 to 0.49 0.42 

 

Against 0.35: 

z = 0.44 

p = 0.66 

 

 

Against 0.49: 

z = 0.47 

p = 0.64 

 

No Yes Yes Yes 

 

Crystallized intelligence 

 

Presentation Score 0.30 0.21 

 

z = 0.51 

p = 0.61 

 

No Yes No Mixed 

 

Openness to experience 

 

Presentation Score 0.30 0.18 

 

z = 0.67 

p = 0.50 

 

No Yes No Mixed 

 

Typical intellectual engagement 

 

Presentation Score 0.30 0.08 

z = 1.21 

p = 0.22 

 

No Yes No 

 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

 

Investigative interests 

 

Presentation Score 0.30 0.18 

 

z = 0.67 

p = 0.50 

 

 

No 

 

Yes 

 

No 

 

Mixed 

 

Artistic interests 

 

Presentation Score 0.30 0.19 

 

z = 0.62 

p = 0.54 

 

No Yes No Mixed 

 

Verbal self-concept 

 

Presentation Score 

 

0.30 

 

0.29 

 

z = 0.06 

 

No 

 

Yes 

 

Yes 

 

Yes 
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Variable 

 

Variable 2 

 

Hypothesized 

Correlation 

 

Observed 

Correlation 

 

Hypothesis Test 

(Compared 

against a fixed 

valued) 

 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

 p = 0.95 

 

 

Desire to learn 

 

Presentation Score 0.30 0.08 

 

z = 1.21 

p = 0.22 

 

No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

Mastery 

 

Presentation Score 0.30 0.13 

 

z = 0.95 

p = 0.34 

 

No Yes No Mixed 

 

Other-oriented goals 

 

Presentation Score 0.30 -0.07 

 

z = 2.01 

p = 0.04 

 

Yes No No No 

 

Competitiveness 

 

Presentation Score 0.30 0.01 

 

z = 1.58 

p = 0.11 

 

No Yes No 

No, can’t reject 

hypothesis but 

correlation is 

near-zero 

 

 

Neuroticism 

 

Presentation Score -0.30 0.01 

 

z = 1.69 

p = 0.09 

 

No No No 

 

No, can’t reject 

hypothesis but 

correlation is in 

wrong direction 

and trivial 

 

 

Worry in achievement contexts 

 

Presentation Score -0.30 0.05 

 

z = 1.90 

p = 0.06 

 

No No No 

 

No, can’t reject 

hypothesis but 

correlation is in 

wrong direction 

and near-zero 

 

Emotionality in achievement 

contexts 

 

Presentation Score -0.30 0.10 

 

z = 2.17 

p = 0.03 

 

Yes No No No 

 

Prior experience 

 

Presentation Score 0.30 0.01 

 

z = 1.58 

p = 0.11 

 

No Yes No 

No, can’t reject 

hypothesis but 

correlation is in 
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Variable 

 

Variable 2 

 

Hypothesized 

Correlation 

 

Observed 

Correlation 

 

Hypothesis Test 

(Compared 

against a fixed 

valued) 

 

Significantly 

different from 

hypothesis? 

Correlation in 

correct direction? 

Correlation 

meaningful? 

Hypothesis 

supported? 

wrong direction 

and near-zero 

 

Task self-efficacy 

 

Presentation Score 0.50 to 0.60 0.01 

 

Against 0.50: 

z = 2.80 

p < 0.01 

 

Against 0.60: 

z = 3.55 

p < 0.01 

 

Yes No No No 
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APPENDIX D. HIGH-QUALITY TRAFFIC CALMING PRESENTATION 

Slide 1 Slide 2 Slide 3 

   

Slide 4 Slide 5  
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APPENDIX E. LOW-QUALITY TRAFFIC CALMING PRESENTATION 

Slide 1 Slide 2 

  

Slide 3 Slide 4 
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APPENDIX F. POST-HOC POWER ANALYSES 

 

 
n 

Hypothesized 

correlation 

Meaningfully 

different 

correlation 

Power 

achieved 

Sample size 

needed for a 

power of 0.80 

Keychain & 

Traffic  
57 0.60 0.40 0.64 88 

Chair 31 0.60 0.40 0.42 88 

Keychain & 

Traffic 
57 0.50 0.30 0.55 110 

Chair 31 0.50 0.30 0.36 110 

Keychain & 

Traffic 
59 0.49 0.29 0.56 112 

Chair 32 0.49 0.29 0.36 112 

Keychain & 

Traffic 
59 0.35 0.15 0.49 137 

Chair 32 0.35 0.15 0.32 137 

Keychain & 

Traffic 
59 0.34 0.14 0.48 138 

Chair 32 0.34 0.14 0.32 138 

Keychain & 

Traffic 
59 0.30 0.10 0.47 144 
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Chair 32 0.30 0.10 0.31 144 

Keychain & 

Traffic 
59 0.20 0.00 0.45 153 

Chair 32 0.20 0.00 0.30 153 
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