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8. Summary 

The aim of this thesis was to investigate latent decision-making 
constructs, specifically to study latent decision-making constructs in a 
computational modeling framework that takes into account individual 
differences. The first two studies focused on a novel method to identify the 
nature of individual differences in latent constructs as being either 
quantitative or qualitative, in either combined behavioral and fMRI data 
(Chapter 2), or exclusively behavioral data (Chapter 3). The last three 
studies focused on the study of qualitative latent constructs, that is, 
individual differences in latent decision-making strategies in relation to 
internal versus external information (Chapter 4), ADHD and need for 
cognition (Chapter 5), and framing of the decision problem (Chapter 6). 

Chapter 1 introduces the concept of latent variables representing 
constructs underlying decision making behavior. While directly 
unobservable, these latent constructs can be indirectly observed via related 
behavioral or physiological phenomena. Throughout this thesis, latent 
decision constructs are studied through computational modeling – that is, 
using mathematical models to describe relationships and guide the 
interpretation of decision-making data. This allows firstly for the 
incorporation of individual difference, and secondly for the analysis of 
either behavioral (Chapter 3-5), or combined behavioral and neuroimaging 
data (Chapters 2 and 6). The latter combines the unique advantages 
associated with each data type. 

In Chapter 2 we proposed the Multiple Indicators Multiple Causes 
(MIMC) model as a tool to identify whether individual differences in latent 
decision constructs are either quantitative (i.e., dimensional, spread across 
a continuous scale) or qualitative (i.e., categorical, consisting of multiple 
classes) in nature. This nature informs how to model a latent construct and 
its relationships to observations, with incorrect modeling resulting in 
distorted, if not meaningless conclusions. In the MIMIC model one set of 
observations predicts the latent construct of interest, which then predicts 
another set of observations. By including fMRI and behavioral data as the 
first and second set of observations, respectively, both data types inform the 
latent construct simultaneously – the behavioral data measuring the 
construct while the fMRI data constrains it. The nature of the latent 
construct is then identified by applying two MIMIC models to the same 
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data, one wherein the latent variable is quantitative and one wherein the 
latent variable is qualitative; the model best explaining the data (based on 
fit measures appropriate for non-nested models, e.g., the BIC) contains the 
latent variable best representing the decision construct of interest. 

A simulation study assessed the power and parameter estimation 
accuracy of the MIMIC approach as good, given a sufficient sample size 
and reasonable number of behavioral variables. Thus, MIMIC model 
analysis allows for the identification of the nature of latent decision 
constructs, as well as conceptual interpretation of this construct. 
Application of the method was illustrated via re-analysis of decision-
making data by Van Duijvenvoorde et al. (2016) and Blankenstein et al. 
(2018). The latent constructs originally reported in these studies were also 
found using the MIMIC approach. Advantages of using the MIMIC model 
to empirically identify, rather than assume the nature of individual 
differences underlying combined behavioral and fMRI behavioral data 
were discussed. 

Chapter 3 applies the MIMIC model approach as introduced in 
Chapter 2 to exclusively behavioral decision-making data of minors (9-18 
years old). The decision task administered was the “Gambling Machine 
Task” (GMT), wherein participants decide between two options 
characterized by (known) constant gains and probabilistic losses. The goal 
was firstly to uncover what latent construct underlay GMT responses, and 
secondly if this construct was predicted by age as well as gender, math 
performance, and neuroticism. There was a choice version and a judgement 
version of the GMT (N = 109 and N = 137, respectively) to gage possible 
differences between response formats. The MIMIC model approach 
indicated that individual differences in both the choice and judgement data 
were quantitative and could be interpreted as individual differences in 
‘consideration of gains’ (i.e., the extent to which decisions were guided by 
gains). These differences were predicted by age in the judgement, but not 
in the choice version. This study illustrates the usefulness of the MIMIC 
model approach in exclusively behavioral datasets, in both choice- and 
judgement-based decision making. 

Chapter 4 consists of two studies focusing on individual 
differences in decision strategies describing the use of internal information 
(i.e., utilizing information attained individually) and/or external 
information (i.e., information provided by external sources such as peers, 
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family, or experts) in relation to age. Four decision strategies were 
compared: 1) an internal strategy (i.e., people solely rely on their own 
information); 2) an external strategy (i.e., people solely rely on the 
information from an external source); 3) a sequential strategy (i.e., people 
rely on either their own information and subsequently on that from an 
external source, if their own information deemed inadequate); 4) an 
integrative strategy (i.e., people’s own information and that of an external 
source are integrated to reach a decision). Participants were administered a 
perceptual discrimination task (auditory in study 1, N = 67, age range = 6-
65 years old; visual in study 2, N = 305, 9-14 years old) wherein not 
completely trustworthy hints represented external information. Decision 
strategies were assigned individually using a Bayesian hierarchical mixture 
analysis. In both studies there were individual differences in strategy use. 
People predominantly used the internal and integrative strategy. Age-
related changes in decision behavior were unrelated to qualitative 
differences in strategy use, but rather to quantitative differences in the 
extent to which information acquired individually informed decisions. 

In Chapter 5 we examined in a preregistered study if Attention-
Deficit/Hyperactivity Disorder (ADHD) related to suboptimal decision 
strategy use (specifically, the use of less complex strategies). These 
associations were expected to be mediated by need for cognition – the 
extent to which one tends towards, and enjoys, analytical thought. First-
year university students (N = 463, Mage = 19.7 years) completed a decision 
making task allowing for the assessment of decision strategies, the so-called 
“Gambling Machine Task” (GMT). Strategies were assigned individually 
based on GMT responses using a Bayesian hierarchical model-based 
mixture analysis. Contrary to expectations, ADHD symptoms and need for 
cognition were unrelated to complexity of decision strategy use, despite this 
being found in earlier research (Dekkers et al., 2020). Need for cognition 
did predict better decision accuracy and longer response times. This was 
tentatively explained by individuals with less ADHD symptoms switching 
strategies between GMT items based on the level of complexity required 
for deciding optimally, which is time consuming, whereas individuals with 
more ADHD symptoms did so less, or not at all. Thus, the current study 
provided insights into possible nuances into earlier observed findings 
concerning ADHD and decision making. 
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Chapter 6 revolved around the framing effect (i.e., a tendency to 
choose more sure and risky, respectively, when choices are framed focusing 
on gains and losses, respectively). The first goal was to replicate an earlier 
finding that a combination of strategies based on Cumulative Prospect 
Theory (CPT) and Lexicographic Theory (LT) best explained individual 
differences in frame-related choice behavior (Huizenga et al., under 
revision) – better than Fuzzy Trace Theory (FTT) and Dual Processing 
Theory (DPT). A second goal was to examine whether individual 
differences in the framing effect related to individual neural differences. In 
a screening study (N = 861), nine behaviorally distinct subgroups of people 
were identified. In concurrence with earlier findings, the behavior of vast 
majority of individuals (>90%) was best explained by either a CPT- or LT-
based strategy. In the fMRI study (N = 93), again CPT- and LT-based 
strategies best explained decision behavior. Individual differences in the 
framing effect were related to differences in amygdala activity.  

Chapter 7 provides a general discussion of the findings. We 
discuss future implications, both methodological and in relation to findings 
surrounding the studied latent decision constructs. 
 

 

 

 

  




