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ABSTRACT

Substance use addiction is a debilitating and destructive human disorder that affects millions of
people worldwide. Of all the provinces in South Africa, the Western Cape has the highest rate
of MA use. This highly addictive stimulant, locally known as 'tik’, has multiple physiological,
psychological, and social effects on the user. The effects are associated with neurocognitive
deficits that include deficiencies in working memory and high rates of delay discounting.
Current neuropsychopharmacology literature seems to suggest that changes in neurotransmitter
functioning and particular brain areas occur that contribute to some of the addictive behaviours
associated with chronic MA use. New evidence is emerging that working memory training can
help to improve rates of impulsivity in those addicted to MA by strengthening cognitive control.
The aim of this project was to establish whether differences in impulse control existed in a
sample of 33 male patients at a Western Cape drug rehabilitation centre who received either
working memory training with standard drug rehabilitation and or standard drug rehabilitation
only. Data was collected with a self-report impulsivity scale (BIS — 11) and analysed using
inferential statistics. The results suggest that working memory training, when paired with a
standard rehabilitation program, has superior effects in decreasing self-reported rates of
impulsivity when compared to standard rehabilitation only. These findings suggest that
working memory training may serve as a useful addition to improving impulsivity rates in MA
rehabilitation treatment. Further research on a larger scale is required to investigate the findings

of this project.
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CHAPTER 1

INTRODUCTION

1.1 Background

Substance use addiction is a debilitating and destructive human disorder that affects millions
of people worldwide (United Nations Office of Drug and Crime, UNODC, 2015). It is as a
relentless state in which there is a decreased ability to control compulsive drug seeking and
consumption irrespective incorrigible of the danger of damaging consequences (Bellamoli et
al. 2014). Within the spectrum of possible drugs of abuse, methamphetamine (MA) is the
second most commonly abused illicit drug in the world; second only to cannabis (Tolliver et
al. 2012). Globally, between 14.3 million and 52.5 million adults use MA and other
amphetamine-type stimulants for non-medical reasons (United Nations Office of Drug and
Crime, UNODC, 2012). This highly addictive drug had a marked increase in global seizures
between the year 2008 and 2010 and users consumed it at higher levels than heroin and cocaine
combined (Hart, Marvin, Silver & Smith, 2012). These estimates are a cause of great concern
since MA abuse has disastrous personal, social, economic, health, and educational

consequences.

In South Africa, MA use has been on an incline during the last decade with slight
decreases seen since 2010 (United Nations Office of Drug and Crime, UNODC, 2015). For
example, between 2004 and 2006 increases in treatment admissions for methamphetamine-
related complications in Cape Town reflect the most rapid surge in admissions for a specific
drug ever recorded in South Africa (Pluddemann, Pluddemann, Myers & Parry, 2008). Of all
the provinces in South Africa, the Western Cape has the highest rate of MA use (Watt et al.

2013). This highly addictive stimulant, locally known as “tik”, has multiple physiological,

http://repository.uwc.ac.za



psychological, and social effects on the user, and is associated with increased risk of mental
health problems, global neuropsychological impairment, and cognitive defects (May, et al.
2013). These impairments and defects relate to memory, executive functioning, attention, and
more specifically, neurocognitive deficits that include deficiencies in working memory and

high rates of delay discounting (Tolliver et al. 2012).

Current research understands MA and other psychoactive drug addictions as a brain
disorder. This is due to the altered brain functions associated with the long-term use of the
psychoactive drugs (United Nations Office of Drug and Crime, UNODC, 2004). These
alterations affect perceptions, emotional, and motivational processes and, when drug abuse
takes over the individual’s ability to apply self-control, can become seriously dysfunctional
(Volkow, 2010). Therefore, an understanding of the effects of drugs on the brain advances our
understanding on how it affects human behaviour. Initially, individuals may use MA for a
variety of social, cultural, and psychological reasons but, once users expose their brain and
body to MA, fundamental physiological and psychological changes begin to occur (Rawson,
Gonzales & Brethen, 2002). Since behaviour and thoughts are produced by the working of the
brain, a dysfunction brought on by MA results in complex behavioural symptoms linked to
judgement, decision making, learning and memory, and behaviour control (Volkow, 2010).
The changes that alter the functioning of the brain may explain the compulsive and destructive

behaviours of addiction.

One of the biggest threats to the treatment efficacy of MA use disorders is relapse.
Relapse is a persistent process of returning to addictive behaviours after a period of abstinence
or restraint (Witkiewitz, Lustyk & Bowen, 2013). In a traditional sense relapse is understood
as a discrete event or end of state, although some argue that this view liken brief ‘slips’ with
complete relapse, blocking out important differences in process and outcomes (Brandon,

Vidrine, & Litvin, 2007). A ‘slip’ or complete relapse is because of over-learned habits with
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biological, psychological, and social determinants. These behaviours are characterised by the
provision of immediate rewards that increase pleasure and/or decrease pain, thereby
maintaining their excessive frequency, intensity, and duration, despite the delayed negative
consequences that can be long lasting and severe (Brandon et al. 2007). This study identifies

relapse as going back to drugs, even once (Marlatt, Parks & Witkiewitz, 2002).

Current neuropsychopharmacology literature seems to suggest that changes in
neurotransmitter functioning and particular brain areas occur that contribute to some of the
addictive behaviours associated with chronic MA use (Hart et al. 2012 & Recinto et al. 2012).
These structural and neurochemical alterations, specifically in the frontostriatal brain circuitry,
may contribute to consistently observed impairments in several cognitive domains (Tolliver et
al. 2012). Certain neuropsychological profiles reflect the impairments that play a key function
in the process of relapse, i.e. impulsivity, cognitive inhibition, and poor working memory. This
seems to indicate that the brain regions associated with the impairments requires strengthening

in order to regain cognitive control, thereby increasing the ability to delay gratification.

Multiple treatment methods exist for MA use disorder but within each treatment context,
relapse continues to threaten the recovery process from addiction (Brandon et al. 2007). This
could be due to deficits in memory, perceptual motor speed, inhibition, problem solving,
mentalisation, abstract thinking, and mental flexibility that continue during abstinence (Simon,
Dacey, Glynn, Rawson & Ling, 2004). Several treatments like self-help relapse prevention,
cognitive behaviour therapy, motivational interviewing, contingency management, cue
exposure therapy, and the Gorski’s Centre of Applied Sciences model have been developed but
the first three seem most effective (Sofuoglu, De Vito, Waters & Carroll, 2013). One of the
reasons might be due to the inability of those who seek treatment from MA addiction to retain

the treatment content because of cognitive deficits brought about by chronic MA use (Vocci,
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2008). In fact, Vocci (2008) postulates cognitive impairment in MA addicts is at its highest

during the initial stages of treatment, which makes cognitive processing and retention difficult.

Garavan, Brennan, Hester, and Whelan (2013) suggests that the recovery process is
twofold: the first is the active process of abstaining from drug use, and the second is the
restoration of function that arises from the brain’s ability to repair itself once the neurotoxic
influences of drugs of abuse desist. However, during this time of reparation treatment might
have low success due to cognitive deficits (Fals-Stewart & Lam, 2010). Certain studies have
shown that cognitive enhancement, rehabilitation, or training strategies can stimulate the brain
in ways that increase chances of preventing relapse by promoting treatment content retention
and recall (Fals-Stewart & Lam, 2010; Vocci, 2008). Research on the efficacy of behavioural
therapies (Sofuoglu et al. 2013; Zgierska et al. 2009) has highlighted the importance of
cognitive control network integrity and specifically, working memory skills, to maintaining
abstinence. The studies stresses that cognitive training interventions are methods of stimulating
certain brain networks implicated in impulse control, a key cognitive process for preventing
relapse. This project will examine cognitive training and its effect impulsivity in those with a
history of MA dependence. It forms part of a larger research study conducted by researchers

from the University of Cape Town (UCT).

1.2 Rationale

New evidence is emerging that working memory training can help to improve rates of
impulsivity in those addicted to MA by strengthening cognitive control (Bickel, Yi, Landers,
Hill, & Baxter, 2011). Currently, a brain imaging research study is underway to identify the
areas of the brain implicated in working memory performance specifically with a population
with a history of MA use. The study incorporated cognitive training, using a working memory

task over 20 sessions, to establish whether it strengthened cognitive inhibition systems in the
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brain, including impulsivity. This embedded project examines whether exposure to 20-session
of cognitive training in addition to standard drug rehabilitation improved impulsivity rates in
28 MA addicts six weeks after admission and 2-years after their discharge from an inpatient
drug treatment facility in Cape Town, South Africa. A well-researched and established
impulsivity measurement tool is utilised in the examination of the changes in impulsivity rates

of the MA addicts over the course of two years.

1.3 Aims and objectives

1.3.1 Aims of the study:

The primary aim of this study was to establish whether differences in impulse control existed
between those who received cognitive training with standard drug rehabilitation (cognitive
training group or CTG) and those who received standard drug rehabilitation only (rehab group
or RG). The secondary aim was to identify whether the effects of the drug rehabilitation and

cognitive training showed durability after a 2-year follow-up.

1.3.2 Objectives of the study:

The objectives of the study were to determine:

a) whether four weeks of standard drug rehabilitation with cognitive training can decrease
impulsivity at a greater rate compared to four weeks of standard drug rehabilitation only.

b) whether six weeks of standard drug rehabilitation with four weeks of cognitive training have
lasting significant effects (durability) on impulsivity compared to six weeks of standard drug
rehabilitation only.

¢) whether four weeks of standard drug rehabilitation can significantly decrease impulsivity

after four weeks.
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d) whether six weeks of standard drug rehabilitation has lasting effects (durability) on
impulsivity two years after discharge from drug rehab.

e) whether four weeks of standard drug rehabilitation with four weeks of cognitive training
can significantly decrease impulsivity after four weeks.

f) whether six weeks of standard drug rehabilitation with four weeks cognitive training has

lasting effects (durability) on impulsivity two years after discharge from drug rehab.

1.4 Definition of concepts

Several concepts central to this study require some definition and elaboration in order to ensure

enhanced clarity and understanding.

Cognitive training: For the purpose of this project, cognitive training will refer to an
experimental treatment method that provides training of target cognitive abilities, specifically
working memory. The training began two weeks after admission to the drug treatment facility,

and lasted for four consecutive weeks.

Impulsivity rate: This term refers to the impulsivity scale’s unit of measurement. For example,
decreases in impulsivity rates suggest that there are increases or improvements in impulse

control and vice versa.

Standard drug rehabilitation: In this project, standard drug rehabilitation will refer to the rehab
program that the drug treatment facility offered at the where the participants for this project

was recruited and tested.

Drug addiction: For the purpose of this project, the terms drug addiction, substance dependence,

and substance use disorder (used interchangeably throughout this report) all refer to the state

http://repository.uwc.ac.za



of being addicted to drugs, i.e. being physically and/or psychologically dependent on an

addictive substance such as methamphetamine or heroin.

Impulsivity: In this project, impulsivity is defined as “a predisposition towards rapid,
unplanned reactions to internal and external stimuli without regard for the negative
consequences of these reactions to themselves or others” (Koob, 2009). For the purposes of

this report, the terms impulsivity and impulsive behaviour are used interchangeably.

Embedded research study: This project forms part of a larger research study that primarily
focusses on neuroimaging, as described later. In an attempt to promote clarity, the larger study
to which this project is connected will be referred to as the primary research study while this

project will be referred to as “project” or “research project”.

1.5 Thesis report format

This report follows a logical order in an attempt to guide the reader through the complete
research project. Chapter 2 presents a literature review and discusses literature relevant to this
study by looking specifically at drug addiction, MA and the brain, impulsivity and compulsivity,
delay discounting and working memory, and brain training to decrease delay discounting.
Additionally, the chapter also presents the theoretical frameworks underlying the study.
Chapter 3 describes the methodology of the project by presenting the hypotheses, research
design, procedure, participants, data collection instruments, data analysis methods, and ethical
considerations. Chapter 4 presents the quantitative data analysis and results relevant to this
project while chapter 5 presents the discussion of the results in relation to the project
hypotheses. Chapter 5 includes a section on the implications of the results on clinical practice
and theory, a section on the limitations of this project, and presents several recommendations

for future research.
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CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

The aim of this literature review is to provide a review of the relevant literature to the field of
substance addiction and treatment. This section will review studies in the arena of addiction,
and more specifically, MA addiction, and will cover concepts such as neurobiology of addiction,
delay discounting, working memory, cognitive control, and cognitive training. It will
investigate the links between these topics and will highlight the importance of establishing a
connection between cognitive training and its effect on impulsivity as a treatment option in MA

dependence.

2.2 Drug Addiction

During the 1930’s, drug addiction was believed to be due to a flawed morality and a lack of
will power. Due to advancements in science, scientific research understands drug addiction
more clearly as a brain disease (Bellamoli et al. 2014). Research describes it as a brain disease
as drugs change the structure and function of the brain to the extent that it may result in
damaging behaviours (Volkow, 2010). It is true that not all drugs have the same effects on the
brain, but certain types of drugs, more specifically, psychoactive drugs, can severely disrupt
the brain in several ways, resulting in addictive behaviour, a well-known feature of drug

addiction (Brick & Erickson, 2013; United Nations Office of Drug and Crime, UNODC, 2015).

The transition towards addiction occurs when the chemical properties of psychoactive
drugs disrupt the brain’s neural systems, structures, and chemical compositions responsible for

activating the capacity to choose according to long-term as opposed to short-term outcomes
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(Noél, Brevers & Bechara, 2013; Rawson, Rachel & Brethen, 2002). When individuals
habitually expose their bodies to the pharmacological effects of psychoactive substances, they
become biologically dependent and conditioned; attaching value and importance to the
experiences associated with the drugs (Volkow, Fowler & Wang, 2004). As a result, their
experiences and sensations reinforce their drug use, which leads to brain disruption.
Neuroimaging techniques together with human and animal models of addiction confirms the
reinforcement phenomenon by illuminating the psychoactive drugs’ ability to take over the
brain’s neural reward system by rewiring the neural circuitry with chronic use (Taylor, Lewis

& Olive, 2013).

Because of the long-term disruption of the brain through chronic drug use, optimum
brain functioning becomes impaired. Several studies illustrate this process of impairment by
associating chronic psychoactive drug use with deficits in cognitive functioning, including
decision making, response inhibition, planning, working memory, and attention (Durazzo et al.
2010; Fernandez-Serrano et al. 2012; Jovanovski et al. 2005; Nordahl et al. 2003). Additionally,
habitual drug use may eventually become compulsive drug use where drug users lose control

over their drug consumption (Taylor et al. 2013).

2.3 MA and the brain

Apart from cannabis, MA is the most widely abused illicit drug in the world (Tollivier et al.
2012). MA, a psychoactive drug often referred to as meth, speed, or crystal (and locally ‘tik’)
is a synthetic central nervous system stimulant, which can be smoked, injected, snorted, or
ingested orally, and similar to other drugs eventually leads to dependence when used over
extended periods. MA (a subgroup of amphetamines) was first introduced as a medical
treatment for certain cardiovascular conditions in 1932 and was later used for treating several

other conditions including mild depression, chronic alcoholism, and narcolepsy (Watanabe-
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Galloway et al. 2009). During the 1960’s amphetamines were only available by prescription
and in 1970 became classified as a Schedule—II drug (a class of drug that has abuse potential
together with medical uses) when its dangers were more fully understood. Currently, varieties
of amphetamine types such as methylphenidate, mixed amphetamine salts, and
lisdexamfetamine dimesylate are recommended pharmacotherapy treatments for individuals

with attention deficit and hyperactivity disorder (Kollins, 2008).

Current research provides a comprehensive view of the acute long-term effects of the
pharmacological properties of MA on the human body (Sulzer et al. 2005; Fleckenstein et al.
2007). For example, Watanabe-Galloway (2009) notes that MA stimulates the synaptic sites
of the brain, producing a variety of physiological and psychological experiences. Physiological
changes occur in heart rate, blood pressure, and body temperature and can trigger heightened
libido, increase in energy, and enhanced well-being (Lineberry & Bostwick, 2006).
Psychological consequences on the other hand include experiences of euphoria, elevated mood,
feelings of well-being, enhanced alertness and concentration, increased talkativeness, and
decreased fatigue with improved physical performance (Lee et al. 2007). However, the acute
and long-term impact of MA on the body may have profound negative consequences, such as
vasospasms, cerebrovascular haemorrhage, seizures, cardiomyopathy, weight loss, and several
distinct clinical effects such as memory loss, depression, psychotic symptoms, and confusion
may occur (Watanabe-Galloway et al. 2009). After immediate cessation of MA after prolonged
use individuals may experience withdrawal symptoms from a few days to several weeks, and
even after long periods of abstinence the effects of MA on the brain may still be present (Chang,

Alicata, Ernst & Volkow, 2007).

Many researchers have studied the long-term consequences of MA use on the brain

comprehensively to determine its effect on the brain’s neuronal mechanisms, and several

http://repository.uwc.ac.za



11

studies demonstrate the profound brain changes that occur because of chronic MA use (Volkow
& Li, 2004; Tollivier et al. 2012; Taylor et al. 2013). For example, in one study Tollivier and
colleagues (2012) report that chronic MA use is specifically associated with structural and
neurochemical changes in the frontostriatal brain circuitry. Another study that focussed on the
effects of psychostimulant addiction on the neurocircuitry highlights that long-term MA use
systematically alters the brain so that lasting neuroadaptations emerge (Taylor et al. 2013).
What is particularly alarming is that these brain changes are long lasting, and even after

cessation of MA use, addictive behaviour might still be highly prevalent (Volkow & Li, 2004).

In addition to understanding the changes of the brain due to chronic MA use, research
in MA addiction attempts to make connections between these changes and the behavioural
manifestations of those who become addicted to MA (Bickel et al. 2007; Volkow, 2010). Taylor
and colleagues (2013) identify several behaviour manifestations such as continual relapsing,
difficulty limiting the drug, high motivation to continue drug use, negative emotional and
physiological experiences when users stop using the drug, and continued use despite negative
consequences. Another study reports that MA addiction wears away at the social-cognitive
functioning of addicted individuals and as a result impairs social behaviour (Homer et al. 2008).
The studies not only demonstrate that addictive behaviour is a consequence of the profound
brain changes that occur as a result of chronic MA use but also illustrate that impulsive
behaviour emerges as one of the core features of addictive behaviour in MA addiction (Volkow,

Fowler & Wang, 2004; Taylor et al. 2013).

2.4 Impulsivity in MA addiction

Impulsive behaviour is defined as the inclination to act prematurely on automatically triggered
desires and impulses without precaution for future consequences (Madden, Bickel &

Critchfield, 2009; Dalley, Everitt & Robbins, 2011). Although impulsivity is conceptualised
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in psychiatric theories as an already present personality trait, chronic MA use and its effect on
the brain may bring about behavioural manifestations typical of impulsivity, such as poor
planning, overly risky behaviours, or involvement in inappropriate activities (Dalley, Everitt &
Robbins, 2011). In fact, addiction research identifies impulsivity as a core deficit in MA

addiction (Koob, 2009).

Impulsivity is a well-researched construct of addiction and is conceptualised as
consisting of different domains. For example, Koob (2009) reports two domains, namely the
decision of a smaller instant reward over a greater delayed reward, and the inability to subdue
behaviour by altering the course of action or to halt a response once introduced. Similarly,
Madden and colleagues (2009) identifies these two domains within impulsivity but includes
attention as a third domain. Reportedly, these three domains have received considerable focus
in the study of impulsive behaviour (Madden et al. 2009). These and other studies seem to
agree that the first mentioned domain, termed delayed discounting, is of particular interest to
the understanding of impulsivity in substance dependence, particularly MA addiction, as it is
hypothesised to be a predictor of success in drug rehabilitation (Yoon et al. 2007). Additionally,
research findings demonstrate that MA addiction correlates positively with high rates of delay

discounting (Kirby & Finch, 2010).

2.5 Delay Discounting and working memory

Delayed discounting is defined as a cognitive activity that equips an individual with the ability
to make a mental comparison between an immediate and delayed rewards, where higher rates
of discounting describes the tendency to prefer smaller more immediate rewards as opposed to
larger delayed rewards (Matta, Gongalves & Bizzarro, 2012). Drug addicts reduce the value
of a future reward because they deem the immediate gratification via an immediate reward as

more valuable. For example, MA addicts consume the drug due to the incentive salience
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associated with MA related cues (immediate reward) while discounting abstinence, healthy

relationships, employment etc. (greater delayed rewards) (Tolliver et al. 2011).

Due to the correlation between delay discounting and addictive behaviour, researchers
have attempted to conduct further studies. This in part has resulted in studies that demonstrate
significant correlations between measures of delayed discounting and working memory
(Bobova, Finn, Rickert & Lucas, 2009; Shamosh et al. 2008). Bickel and colleagues (2011)
reports that the inability to think about the future and the past relates to deficits in working
memory function. As research shows that working memory significantly correlates with delay
discounting and the inability to delay an immediate reward for a future one, ruminating on a
future reward is likely a function of working memory. This suggests that, if individuals are
largely impulsive, they cannot rely on their working memory to think about future events and
consequences. Therefore, it might be possible to decrease a person’s discounting of future
events by training their working memory functions thereby increasing their ability to remember

the past and ruminate about future events (Bickel et al. 2011).

In order to establish neurocognitive evidence for the correlation between delayed
discounting and working memory, research efforts have attempted to gain more understanding
into the neurocognitive processes involved in delay discounting and working memory. Several
studies have demonstrated that certain brain areas have a functional overlap between delayed
discounting and working memory (Bickel & Marsch, 2001; MacKillop et al. 2011; Dalley et
al. 2011). For example, Wesley and Bickel (2013) have isolated brain activity during tasks of
delay discounting and working memory, which revealed that delay discounting and working
memory share a large cluster of activity lateralized in the left prefrontal cortex. Their research
findings suggest that this section of the left prefrontal cortex is distinctively qualified, through

its executive functioning effort, to provide functions common to delay discounting and working
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memory that may account for a behavioural relationship. This is consistent with the
neurobehavioral decision system hypothesis of addiction whereby the impulsive decision
system of the limbic and paralimbic brain regions together with the executive system of the
prefrontal cortex are implicated in delayed discounting. This hypothesis suggests that high
rates of delayed discounting are due to the interaction between a hyperactive impulsive system
and a hypoactive executive system (Bickel et al. 2011). Their research results demonstrate that
activation of the executive system through working memory training decreases rates of

discounting.

2.6 Training the working memory to decrease delay discounting

Efforts to enhance efficacy of treatment to address high treatment dropout rates, and the
multiple physiological and psychological pathologies associated with MA addiction, is greatly
significant for the public health system (Vocci, 2008; Ling Murtaugh, Davis, Reback &
Shoptaw, 2013). One particular avenue explored for several years in addition to the varieties
of drug rehabilitation programmes, is computer-based interventions for drug use disorders. A
review of computerized cognitive rehabilitation demonstrated that cognitive remediation
improved treatment retention in both cognitively impaired and unimpaired patients who
voluntarily entered into a residential treatment program (Vocci, 2008). Another study
published in 2010 demonstrated that computer-assisted cognitive rehabilitation was effective
in addressing deficits in multiple executive functions that resulted in increased patient
engagement and commitment to treatment together with better long-term outcomes (Fals-
Stewart & Lam; 2010). These studies implicated several cognitive abilities, especially those

in the domain of executive functioning, that showed improvement with cognitive rehabilitation.

Several studies indicated that working memory training improved clinical outcomes

among individuals with attention-deficit/hyperactivity disorder, problematic drinking
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behaviour, and schizophrenia (Wesley & Bickel, 2013). In an attempt to explore the
functionality of delayed discounting and working memory, Bickel and colleagues (2011)
examined whether working memory training resulted in decreased rates of discounting among
stimulant addicts who abused cocaine, MA, or both. Their findings suggest working memory-
training results in a decrease in delayed discounting. Their findings were consistent with
previous studies that reported a relationship between delay discounting and working memory
(Bobova, Finn, Rickert & Lucas, 2009; Shamosh et al. 2008). However, the durability (far-
reaching effects) of the decreases in delay discounting due to the working memory remains
uncertain.  Since these studies established a behavioural relationship between delayed
discounting and specifically working memory, a new target is formulated for treatment
strategies, namely that of enhancing the ability to increase working memory processes as

treatment for high rates of delayed discounting (Wesley & Bickel, 2013).

2.7 Theoretical Framework

This project subscribes to the assumption that addiction is a biological psychopathology
whereby medical research implicates organic causes as its operating mechanism. This view,
known as the medical model, offers an understanding of abnormal behaviour that consists of
an embodiment of basic assumptions about medicine that are driven by investigation and
scientific enquiry of physical or psychological difficulties based on causation and remediation
(Shah & Mountain, 2007). Diagnosing a patient with a particular syndrome, based on
presentation of certain symptoms, and then treating the patient with practices based on

scientific research is an example of an approach that follows the medical model.

This project follows the biological approach to psychopathology in several ways.
Firstly, it investigates addiction as a behavioural product of the structural and functional

changes that psychoactive drugs bring about in several areas of the brain. Therefore, this
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project subscribes to the understanding that the construct of impulsivity and its different
domains belong to the symptom spectrum of addiction and other syndromes as categorically
allocated in classification manuals. The Diagnostic and Statistical Manual of Mental Disorders,
fifth edition (DSM-5, American Psychological Association, 2013), or the International
Classification of Diseases and Related Health Problems, tenth edition (ICD-10, World Health
Organisation, 2004) are two such manuals. For example, one of the disorders within the
substance use spectrum in the DSM-5 termed Stimulant Use Disorder specifically list
symptoms associated with substances that share behavioural manifestations understood to be

due to the impact of the pharmacological make-up of the substance on human physiology.

Secondly, the methodology and results sections of this project investigated an
experimental procedure within the context of a cause and effect process that understands and
measure impulsivity as a quantifiable phenomenon. Stimulating certain brain structures with
specific cognitive training methods to influence the rate at which MA addicts experience
impulsivity subjectively, and making objective inferences based on how impulsivity rates are
influenced, is inherently a medical model approach. The concepts of delay discounting and
working memory, and how these are understood as neurobiological functions that perpetuate
MA addiction when the neurobiological constructs responsible for these functions are under
the influence of MA, illustrates the medical model approach further. For example, one study
of MA addiction suggests that it can be conceptualised as a brain disorder that is due to
neurotransmitter imbalances brought about by the neurotoxicity of the abused substance
(Rawson, Gonzales, & Brethen, 2002). Another study suggests that when a drug addict abuses
psychoactive substances, progressive dysregulations and pathophysiological changes in
multiple structures and systems of the brain occur due to its stimulating function of the reward
pathways in the brain (Le Moal & Koob, 2007). A third view, one that focuses on the

rehabilitation aspect of addiction, explains intervention in terms of an effort for continued
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abstinence. To achieve this goal, individuals must regain control of certain cognitive functions
that were lost while they became addicted to their drugs of choice and at the same time address
several cognitive deficits as a product of their addiction (Vocci, 2008). These studies illustrate

the medical model of addiction to which this project subscribes.

2.8 Conclusion

The above literature review aimed to evaluate addiction research in order to problematize the
current rates of drug abuse and investigate how MA addiction and its neurophysiological
mechanisms are understood. The literature review highlights impulsivity as a central
phenomenon in MA addiction and the findings that describe how specific domains of
impulsivity overlap with certain cognitive constructs that, when targeted with certain
treatments, may reverse or decrease impulsivity rates. The review highlighted several research
efforts that targeted cognition through enhancement of different kinds in order to target
impulsivity, and specifically identifies working memory as a target for training to reduce
delayed discounting as a domain of impulsivity. This project aims to add to the literature by

investigating whether cognitive training has an effect on impulsivity in MA addicts.
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CHAPTER 3

METHOD

3.1 Introduction

This chapter will introduce the method utilised in this project. First, it will include a brief
discussion of the primary study and embedded project followed by the outline of the research
hypotheses. Next, the research design, participants, and procedure are identified and described
and this is followed by an outline of the data collection instrument. The chapter ends with a

description of the project’s ethical considerations.

3.2 Primary study

The current project was an embedded quantitative research study and formed part of a primary
study (figure 1) that aimed to investigate the effects of cognitive training on specific brain

structures of the human brain.

The primary study incorporated state of the art neuroimaging and neuropsychological testing
with the aim of identifying neural mechanisms associated with the cognitive control of
addiction. The study utilised an experimental design within a drug treatment setting by
introducing working memory training (cognitive training) to one of two treatment groups for
the purposes of investigating a) its effect on particular brain structures implicated in impulsivity,

and b) its effect on impulsive behaviour in individuals with methamphetamine (MA) addiction.
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/ Primary Study \

Participants’ admission Embedded Project

Recruitment of participants

Two-Week Orientation

A

Data Collection Instruments administered (baseline) BIS-11 baseline scores

Brain scanning performed

Four Weeks Cognitive Training

Several Data Collection Instruments administered (4-week follow-up) |l BIS-11 4-week follow-up

Brain scanning performed

Participants’ discharge (after 8-week admission)

Data Collection Instrument (B1S-11) administered (2-year follow-up)

A

Mini-Thesis

Several Research Papers

FIGURE 1: Research Study Flow Diagram
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Essentially, the researcher from the primary study introduced cognitive training to a
group of patients in a voluntary drug treatment centre as an experimental intervention. The
treatment centre personnel trained the patients with a simple computer-based working memory
task (the N-Back task) on a standard laptop at the drug treatment centre. The initial training
session lasted no more than one hour per day for four weeks and consisted of a repetition of
training schedules, as advised by a recent review (Vinogradov et al. 2012). This task had
increasing levels of difficulty (e.g. 1-back, 2-back, 3-back etc.), known to exponentially recruit
pre-frontal cortex (PFC) resources. The patients had to press a mouse button when the ‘current’
letter on the screen was the same as ‘1 before (1-back)’, ‘2 before (2-back)’, 3 before (3-back)’
and so on. They were trained on the lowest level first until the error rate was extinguished (e.g.
false positives, false negatives), and then moved on to the next level and repeated the procedure.
Participants were required to successfully complete at least 3-back, and the highest level they
achieved (e.g. highest level with only 5 percent error) became the level at which they completed
the task for the subsequent week at the clinic. A laptop was utilised at the rehab centre and the
researcher trained that personnel to administer the simple and short task to the CTG participants
for four weeks (1 hour per day). Responses (number of errors, response times) were
automatically recorded in a text file by the programme and used in subsequent neuroimaging

analyses (e.g. as regressors of interest).

The researchers administered several data collection instruments via repeat
administration at two periods to provide baseline and 4-week follow-up data. They performed
neuroimaging scans at both periods as well. The results of the instruments together with the
neuroimages provided the data required for the primary study. The primary study followed a
paradigm previously piloted experimentally in females with anorexia nervosa, who appear to
have better working memory performance than healthy controls (Brooks et. al., 2012).

Additionally, another research project is utilizing the in an fMRI experiment in Sweden.
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3.3 Embedded Project

This embedded project was designed to focus on one of the primary study’s two areas for
investigation, namely the effect of cognitive training on impulsive behaviour. In order to do
this the project made use of baseline and 4-week follow-up data obtained by the researchers
from the primary study, and collected a third set of data at a 2-year follow-up period. Due to
the limited scope of this project, data was selected from only one impulsivity instrument,
namely the Barratt Impulsivity Scale, eleventh edition (BIS-11). The results of this project

may serve as additional data to support the primary study’s research findings.

3.4 Hypotheses

The hypotheses for the current project were formulated as follows:

1. The rate of decrease in impulsivity for the CTG from baseline to the 4-week follow-up
will be significantly greater than the rate of decrease in impulsivity for the RG from

baseline to four weeks.

2. The rate of decrease in impulsivity for the CTG from 4-week follow-up to 2-year follow-
up will be significantly greater than the rate of decrease in impulsivity for the RG from 4-

week follow-up to two years.

3. There will be a significant decrease in impulsivity for the RG at 4-week follow-up

compared to baseline.

4. There will be a significant decrease in impulsivity for the RG at 2-year follow-up

compared to 4-week follow-up.

5. There will be a significant decrease in impulsivity for the CTG at 4-week follow-up

compared to baseline.
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6. There will be a significant decrease in impulsivity for the CTG at 2-year follow-up

compared to 4-week follow-up.

3.5 Research design

A research design is a scientific strategy or blueprint for the collection, measurement, and
analysis of data (Burns & Grove, 2003). It is a calculated, purposeful approach to the study of
a topic and it offers a method for engagement and sense making in a meaningful way. A pre-
test, post-test experimental design was selected for the purpose of this project. Three main
reasons supported this decision. Firstly, the nature of the design, that is, to study participants
before and after an experimental manipulation, fulfils the requirements necessary to aid in
attempting to answer our research questions. The process of this design is as follows: Firstly,
researchers from the primary study collected baseline data (pre-test) by measuring specific
characteristics (dependent variable) of the study participants. The intervention (independent
variable) follows the baseline testing and the post-test follows the intervention. This provides
data that measures the effect of the independent variable or intervention (post-test). In other
words, the design offers a method to compare participant groups and measure the degree of
change occurring from an intervention or treatment. Secondly, pre-test post-test designs are
especially useful when there is a concern for the risk of confounding factors affecting the study
findings. Akobeng (2005) argues that the pre-test post-test design provide the necessary rigour
in terms of generating evidence on the effectiveness of interventions. Thirdly, when
researchers employ randomisation within this design, it significantly reduces potential threats
to the internal validity of a study (Chan, 2003). Lastly, the design will be employed in this
project as it offers a scientifically sound approach to determine the effect of the cognitive
training (independent variable) on impulse control (dependent variable) among the study

participants.

http://repository.uwc.ac.za



23

3.6 Participants

The researchers for the primary study initially recruited 43 male patients between the ages of
18 and 50 years (M= 28.88; SD= 6.224) at a drug rehabilitation centre in the Western Cape.
All the patients fulfilled the inclusion criteria required, therefore that (a) a psychiatrist or
psychologist at the treatment centre diagnosed them with MA addiction, (b) the treatment
centre admitted them as new patients for the rehab program, and (c) that they sought treatment
for MA addiction voluntarily. Group assignment occurred two weeks after the drug treatment
centre admitted the patients. The principal researcher assigned them randomly into two
treatment groups. Only 77% of the initial group were included for this project due to dropout
or missing psychometric scores. At baseline testing there were 28 patients in the CTQ and 17
in the RG. After four weeks, only 19 patients in the CTG and 14 in the RG completed the
follow-up testing. Several participants dropped out of the study due to premature discharge
from the centre or the researcher disqualified them from the study due to incomplete base-line
scores. At the two-year follow-up, only eight patients from the CTG and seven patients from
the RG completed the impulsivity scale as several patients were either unreachable, in rehab,

imprisoned, or declined participation for the project.

3.7 Procedure

During the first two weeks, all patients participated in the drug centre’s rehab programme.
After random group assignment, the one group started their four weeks of working memory
training (1 hour per day) in addition to the rehab program. After four weeks, both groups
completed the follow-up administration of data collection instruments (4-week follow-up

testing). All the participants from both groups completed the rest of the rehab program and the
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treatment centre discharged them from the centre two weeks later. After two years, the two
research groups were followed up telephonically and the BIS-11 was completed for the third

time (2-year follow-up testing).

3.8 Data Collection Instruments

The primary researchers administered the following instruments to the research participants as

part of the data collection process:

3.7.1 General demographics questionnaire (Appendix A)

This single page information sheet requested the following information from the respondent:
name; place of birth; handedness; claustrophobic; gender; ethnicity; education level; marital
status; living arrangement; dependents; smoking history; drug history; methamphetamine
history; quantity/frequency of methamphetamine; abstinence period; current medications;
medical conditions; medical history; dietary style; current drug use (over the counter,

prescription, illicit, or other).

3.7.2 The Barratt Impulsivity Scale (BIS-11) (Appendix B)

The BIS-11 is a tool designed to quantify the personality trait of impulsivity as it transpires in
natural human settings by asking individuals to give account on their tendency to act
impulsively (Barratt, 1994). Itis a self-report questionnaire with a 30-item, 4-point Likert scale
(Rarely/Nev