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Abstract

Remembering to perform an intended task at the appropriate time (prospective
memory) is an important aspect of memory functioning in the real world/ioBse
research has suggested that recreational drug use has a detrafiectaipon this
ability. To date relatively few studies have investigated thetedfiecannabis use on
prospective memory performance. In addressing this hiatus, the presest thes
extended this initial research to encompass three aims. Fitstlyhesis evaluated

the psychometric properties of an objective prospective memory video prodaedure
order to mitigate criticisms associated with the use of self-regmséssment of
memory failures in many of these initial studies. Secondly, the tHesigments a
series of quasi-experimental studies comparing cannabis users and non-users in order
to examine the effect of cannabis use on prospective memory. Fithedlyhesis
explored the nature of the deficits observed in an attempt to bettersiamdethe
neurobiological vulnerability of the cognitive processes underpinning prospective

memory to the psychopharmacological effects of cannabis.

The findings across all of the studies documented suggested that carseql@gen

in relatively light users with short duration of use, has a detrimaitatt on
prospective memory in young adults. In addition, the findings presented t®eyges
that the deficits observed in current cannabis users recover onaresgatannabis

use and that time-based prospective memory was more vulnerabke afidtts of
cannabis use than event-based prospective memory. Furthermore, the findings
presented suggested that these deficits arise as a consequence of spinblem

retrieval of the intentions rather than problems in their encoding atdthlese



retrieval problems arise as a consequence of failures in cue idé¢wtificather than
problems retrieving the task to be performed. The findings presented found no
evidence that the prospective memory deficits observed were relatssl naomber

of joints smoked per week, duration of use, estimated lifetime consungpttorthe

age at which cannabis use commenced. Although the scale of ttiesdgipeared
trivial with cannabis users recalling, on average, only two itemerfé¢han non-
users, the magnitude of the effect was moderate suggesting praicinitance,
particularly as the deficits were observed in independent cohorts camprisi

cannabis users with light use and relatively short duration of use.
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Chapter 1

Introduction

1.1 History and prevalence of cannabis use

The hemp plant botanically classified by Linnaeus in 1736awabis sativdnas a

long history of use for industrial, medicinal and recreational purposes (lyersen
2008). For example, clay pots decorated with strands of hemp fibre distdyere
archaeologists in Taiwan date to circa 8@00. (Earleywine, 2002) while the first
use of cannabis for medicinal purposes was documented circaB2¥.3¥hen the
Chinese emperor Shen Neng advocated its use for a wide variety eh@il{(Ben
Amar, 2006; Earleywine, 2002; Parrott, Morinan, Moss and Scholey, 2004; Zuardi,
2006). Hemp fibres were used in the manufacture of rope circa.60fue to their
strength and durability and were used in cloth from circaBi60and paper circa 1

A.D. until eventually being replaced by cotton and synthetic fibres and riprest
derived paper while more reliable synthetic medicines replaced cannabi
preparations for medicinal purposes (Earleywine, 2002; Iversen, 2008; Zuardi,
2006). The first recreational use of cannabis is less clear althouglsetsn
shamanistic religious ceremonies by nomadic tribes of northeastdésiag the

Neolithic period seems likely (Iversen, 2008).

Recreational use of cannabis became widespread reaching peakofews¢ during
the 1960s and 1970s (Parrettal, 2004). In 1971 the United Kingdom government
declared cannabis to be a drug of misuse, making its possession ailldgase
Under the original terms of the Act, cannabinol and its derivatirgs classified as

Class A drugs while cannabis and cannabis resin were classifiehss B drugs




(Misuse of Drugs Act, 1971). This classification has undergone seversibrevin

recent years. Initially, following advice from the Advisory Counciltloa Misuse of

Drugs (2002), the classification was relaxed with all four products beingsdisd

as Class C drugs (Misuse of Drugs Act Amendment, 2003) making penalties for its
possession and use less severe. Despite arguments from the Advisory Council on the
Misuse of Drugs (2008), however, this decision was subsequently repealed by the
Home Office and all four products were reclassified as Class B drugss@/cf

Drugs Act Amendment, 2008).

Today, cannabis remains the most commonly used illicit recrebtilbng in the

United Kingdom across all age groups and particularly among teendgets 19

years) and young adults (20 to 24 years) (MacLeod and Page, 2011; Smith and
Flatley, 2011; Toner and Freel, 2010). For example, in a recent survey imdéngla
and Wales, 20% of teenage and 15% of young adult respondents declared use of

cannabis within the twelve months preceding the survey (Smith and Flatley, 2011).

1.2 Cannabis Psychopharmacology

Cannabis has a complex chemical nature comprising 489 compounds of which 70 are
cannabinoids specific to the plabannabis sativdEISohly and Slade, 2005). These
cannabinoids are most highly concentrated in the leaves and flowerstaed@sin
secreted by the bracts of the female plant and are responsible fpsyichoactive
effects associated with cannabis use (Ameri, 1999; Ashton, 2001; Iversen, 2008).
The principal psychoactive cannabinoid within this complemical cocktail is 8%
tetrahydrocannabinol (Gaoni and Mechoulam, 1964) and the pharmacokinetics and

pharmacodynamics of this cannabinoid are therefore subsequently described.




1.2.1 Pharmacokinetics

The amount of the unaltered drug entering the systemic circulaiimavéiability)

differs depending on the route of administration. When smoke from cannabis is
inhaled, it enters the lungs which are lined with alveolar sacsirtbegase the
surface area of the lungs for gaseous exchange and have an extepsiag/ ca
network enabling 8°-tetrahydrocannabinol to readily enter the bloodstream. By this
route, depending on smoking practices in terms of depth and duration of inhalation
and the level of experience of the user2%% of unaltered &°tetrahydrocannabinol
enters the systemic circulation and peak plasma concentratigpesenced within
minutes (Benson and Bentley, 1995; Grotenhermen, 2003; Pairiatf 2004). By
comparison, when cannabis is administered orally within food and/or drinks, some
89-tetrahydrocannabin01 is lost as a result of degradation by stomach acids and §°-
tetrahydrocannabinol absorbed into the circulation from the gastrointestioal tra
must first pass through the liver via the hepatic portal vein. livée some of the
89-tetrahydrocannabin01 is metabolised such that only 6% of the initial unaltered §°-
tetrahydrocannabinol enters the systemic circulation and peak plasneettations

are not experienced for 1-3 hours (Benson and Bentley, 1995; Grotenhermen, 2003;

Parrot et al, 2004).

As &°-tetrahydrocannabinol is highly lipid-soluble and readily accumulates in various
adipose (fatty) tissues throughout the body (Ashton, 2001; Iversen, 2008; Barrott
al., 2004), plasma concentrations of 8°-tetrahydrocannabinol rapidly decline. Any
remaining plasma &°-tetrahydrocannabinol undergoes metabolism in the liver.
Metabolism of &°-tetrahydrocannabinol leads to the production of the psychoactive

metabolite 11-hydroxyetrahydrocannabinol which contributes to the effects of &°-




tetrahydrocannabinol. As 8°-tetrahydrocannabinol and its metabolites are eliminated
from the body in urine and faeces, however, the 89-tetrahydrocannabinol stored in
adipose tissues leaks back into the bloodstream to be elimi(/satbn, 2001;
Iversen, 2008; Parrott al, 2004). Consequently, although the plasma elimination
half-life is as little as 28 hours for chronic users and 56 hours for occasseral
(Parrottet al, 2004), tissue elimination half-life is more prolonged and can take
approximately 7 days (Ashton, 2001; Paredttal, 2004), while total elimination of
8°-tetrahydrocannabinol and its metabolites may take up to 30 day(AS®O1;

Iversen, 2008; Parrotit al, 2004).

1.2.2 Pharmacodynamics

The effects of cannabis are mediated through specific cannabinoid recefptesse
receptors are broadly classified into two types, the f@8eptors which are found
predominantly within the central nervous system (CNS) (Gérard, Molleremsaxt

and Parmentier, 1990; Matsuda, Lolait, Brownstein, Young and Bonner, 1990) and
the CB, receptors which are found predominantly within tissues of the immune
system (Munro, Thomas and Abu-Shaar, 1993). Although endogenous ligands
(endocannabinoids) which naturally interact with these receptors have bee
identified (Ameri, 1999; Ashton, 2001; Grotenhermen, 2003; Iversen, 2008; Parrott
et al, 2004), the focus of the present thesis relates to the psychoactive effect
exogenous cannabinoids (phytocannabinoids) administered via preparations derived
from the plantCannabis sativand mediatd primarily through the binding of &°-
tetrahydrocannabinol to the €Beceptors within the central nervous system. The

present thesis will, therefore, focus on the pharmacodynamics of this interaction.




The CB receptors are distributed throughout the central nervous system though their
density in different regions varies greatly with highest concentralieimg) found in

the basal ganglia, cerebellum, hippocampus and cerebral cortex (Egartdva
Elphick, 2000; Glass, Dragunow and Faull, 1997; Herkenham, Lynn, Johnson,
Melvin, De Costa and Rice, 1991; Herkenham, Lynn, Little, Johnson, Melvin, De
Costa and Rice, 1990). Furthermore, the @Reptors are predominantly localised

on pre-synaptic axon terminals suggesting that cannabinoids play anroie i
modulation of neurotransmitter release (Ameri, 1999; Egertova and Elphick, 2000;
Elphick and Egertov4, 2001; Katona, Sperlagh, Magléczky, Santha, Kofalvi, Czirjak,

Mackie, Vizi and Freund, 2000).

Binding of §°-tetrahydrocannabinol to the @Bannabinoid receptors initiates several
responses. The first of these is to inhibit the activity of the enzyme adenylaigecyc
(Howlett and Fleming, 1984) resulting in the decreased production of the second
messenger cyclic adenosine monophosphate (CAMP) (Ameri, 1999; Demuth and
Molleman, 2006; Elphick and Egertova, 2001) thereby disrupting neurotransmitter
release through a reduction in A-type potassium channel phosphorylation by protein
kinase A (Demuth and Molleman, 2006; Elphick and Egertova, 2001). Secondly,
adivation of CB receptors inhibits N-type (Mackie and Hille, 1992) and Q-type
(Mackie, Lai, Westenbroek and Mitchell, 1995) calcium channels and astivat
inwardly rectifying potassium channels (Maclgeal, 1995) thereby reducing the
flow of calcium ions and stimulating the flow of potassium ions intostreaptic
bouton. This leads to neuronal hyperpolarisation and inhibition of neurotransmitter
release into the synapse (Demuth and Molleman, 2006; Patratt 2004). The

diverse localisation of th€B; cannabinoid receptors within the central nervous




system means that a wide array of neurotransmitter systems enéigiiyt disrupted

by the use of cannabis, including those of the neurotransmitters acetgchol
norepinephrine, dopamine, 5-hydroxytryptamine (serotonirgminobutyric acid
(GABA), glutamate, D-aspartate and cholecystokinin (Egerton, Allisont Bret

Pratt, 2006; Pertwee, 2008; Pertwee and Ross, 2002). Consequently, cannabis use

disrupts a wide array of physiological and psychological behavioural system

1.3 Physiological and psychological effects of cannabis use

As described previously, cannabis has a long history of use for megcipalses
(Iversen, 2008) and its use was advocated for a wide variety of ailmem\(Bar,
2006; Earleywine, 2002; Parradt al, 2004; Zuardi, 2006) before its use declined
during the early 20 century following the advent of more reliable medicines and
legal restrictions which limited its use (Iversen, 2008; Zuardi, 2006). Iniards
therapeutic use of cannabis continued, however, and research from dliaisdias
extolled the efficacy of cannabis across a range of conditions. For example,
review of clinical trials, Ben Amar (2006) found cannabinoids to be effebbttie as

an antiemetic in the treatment of nausea and vomiting associdkechemotherapy
and as an appetite stimulant in combating loss of appetite avdeaded progressive
weight loss during the advanced stages of cancer and cacheximdveyndrome)
associated with Acquired Immuneefixiency Syndrome (AIDS). Ben Amar’s
review also noted the promising beneficial effect of cannabinoids in reducing
spasticity and muscle spasms associated with multiple sclerosis (MS) aaldcepd
injuries, reducing motor and verbal tics associateti Wourette’s syndrome and as

an anticonvulsant in the treatment of epilepsy. Despite the poditarapeutic

potential of cannabis, however, concerns remain over the adverse effectatads




with its use which can be broadly categorised as either acutésaliee to cannabis
intoxication or as non-acute effects which persist beyond the initiabdp@f

intoxication.

1.3.1 Acute adverse effects of cannabis use

Acute cannabis intoxication is associated with feelings of euphoriaedaxhtion
accompanied by perceptual distortions and a loosening of social inhibitions (Hall and
Degenhardt, 2009). However, cannabis can also produce feelings of severe anxiety
and can induce panic attacks, paranoia and psychosis (Ashton, 2001).
Physiologically, cannabis intoxication increases heart rate (taatigd and supine
blood pressure, and induces vasodilation and postural hypotension (Ashton, 2001;
Jones, 2002; Sidney, 2002). While these effects pose no major problems for healthy
users, individuals with underlying cardiovascular disease may beratsed risk of
myocardial infarction (heart attack) and stroke (Ashton, 2001; Jones, 2002; Sidney,
2002). In addition, cannabis intoxication is associated with impairechtian
(Solowij and Pesa, 2010), learning (Solowij and Pesa, 2010), memory (Ranganathan
and D’Souza, 2006; Solowij and Pesa, 2010), working memory and executive
processing, including deficits in decision-making, risk-taking, inhibitiod eerbal
fluency (Crean, Crane and Mason, 2011; Solowij and Pesa, 2010). Cannabis
intoxication is also associated with deficits in speed of informapimtessing,
reaction time, perceptual-motor co-ordination and an increased risk otraftad
accidents if users drive while intoxicated (Ashton, 2001; Hall and iregdt, 2009;

Kalant, 2004).




It is possible that the acute effects associated with caninatsgcation are transient
and recover oncé’-tetrahydrocannabinol and its metabolites have been eliminated
from the body. Of more significance are the maute effects that persist beyond

the initial period of intoxication.

1.3.2 Non-acute adverse effects of cannabis use

Frequent, long-term (chronic) use of cannabis can lead to tolerance amileieqe

(Hall and Degenhardt, 2009). This can occur either as a consequence ofiameduct

in the number of cannabinoid receptors (down-regulation) or as a consequence of a
reduction in the sensitivity of the receptors to the effec&-tétrahydrocannabinol
(desensitisation) (Grotenhermen, 2003; Iversen, 2008; Martin, Sim-Selley and

Selley, 2004; Villares, 2007).

The composition of smoke from cannabis joints is similar to that framacco
(Tashkin, Baldwin, Sarafian, Dubinett and Roth, 2002). The smoke from cannabis
joints, however, contains greater concentrations of the carcinogenic paycycl
aromatic hydrocarbons (PAHs) benzanthracene and benzopyrene (Ashton, 2001;
Tashkinet al, 2002) and produces greater amounts of tar and higher concentrations
of carboxyhaemoglobin than smoke from tobacco cigarettes (Wu, Tashkin, Djahed
and Rose, 1988). Consequently long-term, frequent cannabis use is assotiated wi
an increased incidence of respiratory disorders such as bronchitis (Ashton, 2001;
Kalant, 2004; Tashkimt al, 2002) and emphysema (Ashton, 2001), and is further
associated with increased risk of lung cancer (Aldington, Harwood, Cox, Welathera
Beckert, Hansell, Pritchard, Robinson and Beasley, 2008). Furthermore, increased

levels of carboxyhaemoglobin as a consequence of carbon monoxide inhalation are




associated with the development of atherosclerosis, a major contributory factor in the

aetiology of coronary heart disease (Astrup, 1973).

Cannabis use is associated with an increased risk of schizophrenia (Arseneaul
Cannon, Witton and Murray, 2004; Degenhardt, Tennant, Gilmour, Schofield, Nash,
Hall and McKay, 2007; Hall and Degenhardt, 2008; Kalant, 2004; Moore, Zammi
Lingford-Hughes, Barnes, Jones, Burke and Lewis, 2007), anxiety (Crippa, Zuardi,
Martin-Santos, Bhattacharyya, Atakan, McGuire and Fusar-Poli, 2009; K20,
Moore et al, 2007) and depression (Degenhardt, Hall and Lynskey, 2003; Kalant,
2004; Mooreet al, 2007; van Laar, van Dorsselaer, Monshouwer and de Graaf,
2007).  Although establishing causality remains elusive, some studies ha
suggested that the temporal dynamics are such that cannabis usts predicrease

in psychotic symptoms (Degenhareit al, 2007) and depression (van Lasral,

2007) but that symptoms of psychosis and depression do not predict cannabis use

(Degenhardet al, 2007).

Long-term, frequent use of cannabis is associated with a range of ia®gnit
impairments including deficits in attention (Jacobsen, Mencl, &#esid and Pugh,
2004; Medina, Hanson, Schweinsburg, Cohen-Zion, Nagel and Tapert, 2007,
Messinis, Kyprianidou, Malefaki and Papathanasopoulos, 2006; Solowij, Stephens,
Roffman, Babor, Kadden, Miller, Christiansen, McRee and Vendetti, 2002), learning
(Croft, Mackay, Mills and Gruzelier, 2001; Grant, Gonzalez, Carey, Nataraghn a
Wolfson, 2003; Harvey, Sellman, Porter and Frampton, 2007; Nestor, Roberts,
Garavan and Hester, 2008), and executive functioning, including deficits siatheci

making (Bolla, Eldreth, Matochik and Cadet, 2005; Whitlow, Liguori, Livengood,




Hart, Mussat-Whitlow, Lamborn, Laurienti and Porrino, 2004), inhibition (Battisti,
Roodenrys, Johnstone, Pesa, Hermens and Solowij, 2010; Bolla, Brown, Eldreth,
Tate and Cadet, 2002; Solovef al, 2002), problem solving (Bollat al, 2002),
planning (Medinaet al, 2007) and verbal fluency (Crodt al, 2001; McHale and
Hunt, 2008; Messiniet al, 2006). Deficits in speed of information processing
(Fried, Watkinson and Gray, 2005; Kelleher, Stough, Sergejew and Rolfe, 2004;
Wadsworth, Moss, Simpson and Smith, 2006), manual dexterity (Bola, 2002;

Croft et al, 2001) and psychomotor speed (Badlaal, 2002; Medinaet al, 2007,
Messiniset al, 2006) associated with frequent, long-term use of cannabis also
persist beyond the initial period of acute intoxication. Furthermore, while some
studies have shown cannabis users to have lower intelligence quotient than non-users
(Fried et al, 2005; Messinit al, 2006) other studies have found no signiftcan
differences (Bollaet al, 2005; Croftet al, 2001; Fisk and Montgomery, 2008;

Solowij et al, 2002).

The most consistently reported deficits among users, however, relatenmoryn
performance (Bollat al, 2002; Croftet al, 2001; Granet al, 2003; McHale and
Hunt, 2008; Medinat al, 2007; Messinigt al, 2006; Nestoet al, 2008; Rodgers,
2000; Solowij and Battisti, 2008; Solowij and Pesa, 2010; Solewdj, 2002). One
area that has so far been relatively neglected in terms of reseasavehnprelates to
memory functioning within an everyday context, an important aspect of vidich

prospective memory.
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1.4 Prospective Memory

1.4.1 Definition and classification of prospectimemory

Prospective memory is an important aspect of memory functioning in theadd
which describes the process of remembering to carry out an intended t@sk at
appropriate time at some point in the future (McDaniel and Einsk®@7), for
example, remembering to meet a friend or colleague, remembering ta lettstr on
your way home or remembering to take medication. The successful realisat
such intentions is characterised by distinct phases (Ellis, 1996;a8l Freeman,
2008; Kliegel, MacKinlay and Jager, 2008) during which the intention is
successfully formed and encoded, then retained over a period of time duritng whic
the individual continues with their activities, and is finally exedutvhen the
appropriate retrieval contextwlien is recognised (cue identification) and the
intended task what) is recalled (intention retrieval). The retrieval context that
triggers execution of the intention can be the occurrence of a spa@it (event-
based), for example, passing a post box triggers the intention to postrathett
elapse of a specific period of time (time-based), for example, intendingdb an
friend at 7pm or to take a cake out of the oven in 15 minutes, or the campiean
activity (activity-based), for example, finishing a meal triggées intention to take

medication after eating (McDaniel and Einstein, 2007).

As described previously, cannabinoid receptors are widely distributed throughout th
central nervous system (Egertova and Elphick, 2000; @laak, 1997; Herkenham
et al, 1990, 1991). Itis conceivable, therefore, that the neurobiological cosrefate

prospective memory may be susceptible to the psychopharmacologica$ effect
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cannabis. It is necessary, therefore, to appreciate the neurobiolagilempinnings

of prospective memory.

1.4.2 The neurobiology of prospective memory

Initial speculation for the involvement of the frontal lobes in prospectemaony is
derived from case studies of patients with lesions. For example Shallice and Burgess
(1991) presented evidence from three patients with damage to the frontlriobe
which the errors made were analogous to prospective memory faBpeifically,

the patients typically forgot tasks they had to do and frequently dhadturn to

shops to buy items they had forgotten to buy on their first visit. Marently,
research has noted that patients with lesions of the prefrontal sbdeximpaired
performance in event-based, but not time-based, prospective memory tasks (Cheng
Wang, Xi, Niu and Fu, 2008) while patients with lesions of the thalamus show
impairments in time-based, but not event-based prospective memory taskg,(Che

Tian, Hu, Wang and Wang, 2010).

Recent studies have employed functional neuroimaging techniques Spasitesn
emission tomography (PET) and functional magnetic resonance imaging) fMR
examine haemodynamic changes in order to determine those regions of the brai
activated during the execution of a prospective memory task. Suchsshagie led

to a general consensus that prospective memory is mediated by luaiures

within the anterior (rostral) prefrontal cortex known as Brodmann area 10.

For example, in the first study to employ neuroimaging techniques Okudg, Fuj

Yamadori, Kawashima, Tsukiura, Fukatsu, Suzuki, Ito and Fukuda (1998) employed
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positron emission tomography to examine changes in regional cerebral ldaod fl

In this study they noted that the execution of a prospective memorywask
associated with increased blood flow in the right dorsolateral prefroontédx
(Brodmann areas 8 and 9), right ventrolateral prefrontal cortex (Brodmann area 47),
left frontal pole (Brodmann area 10), left anterior cingulate gyrus (Brodmann area
24), left parahippocampal gyrus (Brodmann area 28) and the midline medial frontal

lobe (Brodmann area 8).

Research by Burgess, Quayle and Frith (2001) also employed positron emission
tomography to examine changes in regional cerebral blood flow, tresutaler two
different prospective memory conditions. In the first condition there was an
expectation of a target cue which did not subsequently appear wiile isecond
condition the target cue did appear. Relative to a baselinsunegeancreased blood

flow was observed bilaterally in the frontal pole (Brodmann area 10), indhe ri
dorsolateral prefrontal cortex (Brodmann areas 45 and 46), in the right inferior
parietal cortex (Brodmann areas 7, 19, 39 and 40) and in the precuneus with
decreased blood flow in the left fronto-temporal region (Brodmann areas 38 and 47
and insula) when prospective memory stimuli were expected suggdstinthese
regions were associated with the maintenance of an intention. Whes@ective
memory stimulus occurred and was acted upon increased blood flow was observed in
the thalamus with decreased blood flow in the right dorsolateral preframtakc

suggesting that these regions were associated with the realisation of aarintent

In subsequent research, Burgess, Scott and Frith (2003) manipulated the cgmplexit

of the on-going task and the prospective memory task in order to examine whethe
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the observed haemodynamic changes were simply a function of increasedtyliffic

of the prospective memory tasks relative to the baseline on-tgskg Burgesst

al. found no evidence of task difficulty as a potential explanation for theopdy
observed pattern of haemodynamic changes since reduced regional cerebral blood
flow was observed during more effortful tasks than during less effortful tasks. O
particular interest, however, was the observation that during the prospeetivery
conditions decreased blood flow was observed in the left superior med@igedgi

the anterior (rostral) prefrontal cortex (Brodmann area 10) which was accompanied
by an associated increase in blood flow in more lateral regions and in the right dorso-
medial thalamus. Burgess al therefore postulated that the anterior prefrontal
cortex was involved in the switching of attention between extetimalls and the
internal cognitive representations of the intention. Specificallyg&get al
proposed that the medial regions of the anterior prefrontal cortex were involved i
suppressing internally generated thought and directing attention towards lexterna

stimuli while lateral regions were involved in maintaining it.

A subsequent study utilising functional magnetic resonance imaginghare brain
activity while performing tasks that alternated between phasesrétiatd on
attention directed towards external stimuli (stimulus-oriented theugimd phases
that relied on cognitions that were not directed towards externalls{stimulus-
independent thoughts) also noted differential activation of medial adlla¢gions

of the anterior prefrontal cortex. In this study, Gilbert, Frith and Burgess )(2005
observed sustained activation of medial regions during the stimubrgext phases

and transient activation of right lateral regions when attention widched between
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stimulus-oriented and stimulus-independent phases regardless of the direttien of

switch.

As described above, the successful realisation of intentions is @raedtby two
distinct processes involving the recognition of the appropriate rdtgewsext (cue
identification) and the retrieval of the intended task (intention reiljiesometimes
referred to as the prospective and retrospective components respédgtivg| 1996;

Ellis and Freeman, 2008; Klieget al, 2008). The neurobiology associated with
these different aspects of prospective memory was explored by Simbios/isk,
Gilbert, Frith and Burgess (2006) who employed functional magnetic resonance
imaging to examine the pattern of haemodynamic changes asdouwilke the
identification of the cue and the subsequent retrieval of the intenftmoaddition to

the consistent pattern of lateral activation and medial de#otiven the anterior
prefrontal cortex (Brodmann area 10) across both cue identification and intention
retrieval, Simonst al noted greater activation bilaterally in a less lateral regfon

the anterior prefrontal cortex and in the posterior cingulate cortex andnprec
during intention retrieval and greater activation of the medial anterefroptal
cortex (Brodmann area 10) and the anterior cingulate cortex (Brodmann area 32/11

and 25) during cue identification.

More recently, Okuda, Fujii, Ohtake, Tsukiura, Yamadori, Frith and Burgess (2007)
employed positron emission tomography and focused on the anterior prefrontal
cortex as their region of interest to explore the specific pattern of haemadyna
changes associated with event-based and time-based prospeatioeymetrieval

contexts. During execution of the time-based prospective memory tasiasaed
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blood flow was observed in the anterior medial frontal lobe (Brodmann area 10),
anterior cingulate gyrus (Brodmann area 32/10) and right superior frontal gyrus
(Brodmann area 9/10). In comparison, execution of the event-based prospective
memory task was accompanied by activation in the lateral lgferer gyrus
(Brodmann area 10) and deactivation bilaterally in the medial frontal doloe

anterior cingulate cortex.

Evidence from electrophysiological studies examining event-relateshiads have
identified greater negativity over the frontal polar region associaigdintention
formation, N300 negativity over the occipital-parietal region assedi with the
detection of prospective memory cues, a late positivity complex associvith
retrieval of the intention from memory, and a frontal slow wave reflgctin
disengagement from the on-going activity when the cue was eetédlest and
Ross-Munroe, 2002). Furthermore, utilising magnetoencephalography (MEG) to
assess the localisation of brain activity during the execution opg@ctgse memory,
Martin, McDanié, Guynn, Houck, Woodruff, Bish, Moses, Kici¢ and Tesche (2007)

noted activation in the posterior parietal cortex during the prospectivemeask

that was associated with the initial noticing of the target and activation in the
hippocampal formation during both the prospective and the retrospective memory
tasks associated with a memory search for the intended action tofdxened. In

addition, Martinet al noted activation in the frontal lobes across all conditions.

To summarise, evidence from studies of patients with lesions (Gkealg 2008;
Shallice and Burgess, 1991), neuroimaging (Burggssl, 2001, 2003; Gilberet

al., 2005; Okudaet al, 1998, 2007; Simonst al, 2006) and electrophysiological
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studies of event-related potentials (Marén al, 2007; West and Ross-Munroe,
2002) point to the execution of prospective memory being mediated by structures
within the anterior prefrontal cortex and hippocampal formation. Underatatit
susceptibility of these structures to the psychopharmacological effecasinabis is
important in understanding the potential effects of cannabis use on prospectiv

memory.

1.4.3 Neurobiological vulnerability of the prefrahtcortex and hippocampus to

the psychopharmacological effects of cannabis

As described previously, cannabinoid receptors are known to be widely distributed
throughout the central nervous system with highest concentrations being found in the
cerebral cortex and hippocampus (Egertova and Elphick, 2000; &lads 1997;
Herkenhamet al., 1990, 1991), including the prefrontal cortices and hippocampal
formation implicated in the execution of prospective memory (Burgess$, 2001,

2003; Chenget al, 2008; Gilbertet al, 2005; Martinet al, 2007; Okudeet al,

1998, 2007; Shallice and Burgess, 1991; Simensl, 2006; West and Ross-
Munroe, 2002). It seems reasonable to assume, therefore, that these regioas wil

particularly susceptible to any neurotoxicity associated with cannabis use.

Indeed, evidence from studies utilising structural magnetic resonaagengrn(MRI)

have suggested that frequent, heavy cannabis use is associatedruathrad
abnormalities. For example, compared to non-users, cannabis userbemmve
shown to exhibit altered tissue density in both white and gray mgpiecifically in
hippocampal regions (Demirakca, Sartorius, Ende, Meyer, Welzel, Skopp, Mann and

Hermann, 2011; Matochik, Eldreth, Cadet and Bolla, 2005). This reduced tissue
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volume may be associated with neuronal apoptosis (Chan, Hinds, Impeyamd St
1998) and is associated with increasing duration of cannabis use (Yucelarbubm
Velakoulis, Wong, Wood, Condello, Brewer and Pantelis, 2006; Yucel, Solowij,
Respondek, Whittle, Fornito, Pantelis and Lubman, 2008). In addition, research has
suggested that commencement of cannabis use before the age of 17 years while brain
maturation is on-going is associated with reductions in cortical getier volume

and increases in white matter volume (Wilson, Mathew, Turkington, Hawk, Coleman
and Provenzale, 2000). It must be noted, however, that other studies have found no
evidence of alterations to tissue volume (Block, O’Leary, Ehrhardt, Augustinack,
Ghoneim, Arndt and Hall, 2000; Jager, Van Hell, De Win, Kahn, Van Den Brink,

Van Ree and Ramsey, 2007).

In addition, neuroimaging techniques have provided evidence of altered regional
cerebral blood flow in the prefrontal cortices and hippocampal regions inlianna
users compared to non-users. For example, Lundqvist, Jonsson and Warkentin
(2001) noted decreased blood flow in the right prefrontal, right superior frontal and
right central regions using®*Xe-inhalation. Using magnetic resonance imaging,
however, Sneider, Pope, Silveri, Simpson, Gruber and Yurgelun-Todd (2006, 2008)
noted increased rather than decreased blood volume in the right frontaimiedral

and cerebellum. Other studies which have employed positron emissiorrapmpg

and functional magnetic resonance imaging techniques to examine regjiooal

flow during cognitive task performance have also noted cannabis relsedians

in blood flow even in the absence of task performance differences.
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For example, functional magnetic resonance imaging to examine regeyealal

blood flow in cannabis users during an associative learning task has stooeased
activation in the parahippocampal gyrus during the encoding phase (Becker, Wagner,
Gouzoulis-Mayfrank, Spuentrup and Daumann, 2010; Nestat, 2008) which is
accompanied by reduced activation of the right superior temporal gyrugrddilat
superior frontal gyrus and right middle frontal gyrus (Nestoal, 2008). Jageet

al. (2007), however, noted decreased activation of parahippocampal regiong and th
right dorsolateral prefrontal cortex during learning and decreased anterior cingulate
cortex activations during retrieval associated with cannabis uséweBsburg,
Nagel, Schweinsburg, Park, Theilmann and Tapert (2008) noted decreasdbactiva

of the right dorsolateral prefrontal cortex and increased activation of the right
posterior parietal cortex while Kanayama, Rogowska, Pope, Gruber and Yurgelun-
Todd (2004) noted increased activation of the prefrontal cortex and anterior
cingulate associated with spatial working memory tasks while dedeadivation

in the anterior cingulate cortex has been noted during Stroop task performance

(Gruber and Yurgelun-Todd, 2005).

In addition, positron emission tomography has shown decreased cerebral blood flow
in the dorsolateral, left medial and right ventral prefrontal corticegglwerbal
memory tasks (Block, O’Leary, Hichwa, Augustinack, Boles Ponto, Ghoneim,

Arndt, Hurtig, Watkins, Hall, Nathan and Andreasen, 2002) while reduced activation
of the anterior cingulate cortex and left dorsolateral prefrontal cortex arehset
hippocampal activation has been observed during Stroop task performance (Eldreth,
Matochik, Cadet and Bolla, 2004). Alterations to blood flow have also been noted

during the lowa Gambling task with observations of increased activatidhe
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cerebellum and decreased activation in the right dorsolateral prefronex Badila

et al, 2005).

Although the evidence of altered patterns of metabolic activityshawn equivocal
findings in terms of the regions of interest showing significant incseasde creases
in activation there is compelling evidence that neural functioning, plarizwithin
the prefrontal cortex and hippocampus may be susceptible to interfeasnae

consequence of the psychopharmacological effects of cannabis use.

1.5 The effect of cannabis use on prospective memory

In recent years research has focused on the impact of recreational drag use
prospective memory. Such research has associated deficits in praspeethory

with excessive use of alcohol both in adults (Heffernan, Ling and Bartholomew,
2004; Heffernan, Moss and Ling, 2002) and teenagers (Heffernan and Bartholomew,
2006), binge drinking in teenagers (Heffernan, Clark, Bartholomew, Ling and
Stephens, 2010), acute alcohol intoxication (Leitz, Morgan, Bisby, Renaell a
Curran, 2009; Paraskevaides, Morgan, Leitz, Bisby, Rendell and Curran, 2010),
tobacco use (Heffernan, Ling, Parrott, Buchanan, Scholey and Rodgers, 2005;
Heffernan, O’Neill and Moss, 2010), ecstasy use (Heffernan, Jarvis, Rodgers,
Scholey and Ling, 2001; Heffernan, Ling and Scholey, 2001; Rendell, Gray, Henry
and Tolan, 2007; Rodgers, Buchanan, Scholey, Heffernan, Ling and Parrott, 2003;
Zakzanis, Young and Campbell, 2003), ecstasy/polydrug use (Hadjiefthyvoulou,
Fisk, Montgomery and Bridges, 2011a, 2011b, 2011c) and methamphetamine use
(ludicello, Weber, Grant, Weinborn, Woods and the HIV Neurobehavioral Research

Centre Group, 2011; Rendell, Mazur and Henry, 2009).
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To date relatively few studies have investigated the effect ohadas use on
prospective memory performance. In the first published study Rodgers, Buchanan,
Scholey, Heffernan, Ling and Parrott (2001) developed an on-line version of the
Prospective Memory Questionnaire (PMQ; Hannon, Adams, Harrington, Frigs-Dia
and Gipson, 1995) to gauge the number of failures reported by participants across
long-term episodic, short-term habitual and internally cued aspects of pgrespec
memory. The utilisation of a web-based design to gather data providessao a
large number of participants with 488 participants completing tidy sand thereby
allowed the authors to employ regression analysis to ascertasorbé@ution made

by cannabis use to reported deficits in prospective memory. The antitedsthat
cannabis use was associated with increased reports of failures Htestrohabitual

and internally cued, but not long-term episodic, aspects of prospectivernmne
This study, however, was not without methodological limitations. Inquéati, the
study employed a self-report measure of prospective memory performarae whi
may be prone to inaccuracies due to a failure of participants to acguestember

that they have forgotten to carry out an intended task. In addition, agsios
report by Buchanan, Ali, Heffernan, Ling, Parrott, Rodgers and Scholey (2005)
noted that the factorial structure of the on-line version of the Progpeédemory
Questionnaire differed from that of the equivalent pencil and paperonersi
Specifically, those items contained within the scales measdeifigjts in short-term
habitual and internally cued aspects of prospective memory did not load onto
discrete factors but instead appeared to be measuring more than one Tduisor.
casts doubt on the integrity of the findings of Rodgsral who reported deficit

only in these aspects.
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A further limitation of this study was that Rodgetsal (2001) did not control for

the potential effect of anxiety and depression. This may be important beesus
previously described, research has noted an association between caseahisl
symptoms of anxiety and depression (Crigpaal, 2009; Degenhardit al, 2003;
Kalant, 2004; Mooreet al, 2007; van Laart al, 2007) and this has two important
implications for the study by Rodgegsal Firstly, research has suggested that both
anxiety and depression affect prospective memory performance (Harris and Menzies,
1999; Kliegel and Jager, 2006; Rude, Hertel, Jarrold, Covich and Hedlund, 1999).
Secondly, self-reports may be particularly susceptible to the wegadfi-appraisals
associated with anxiety and depression (Bedi and Redman, 2008; QuitlEira,

2008, 2009; Rabbitt, Maylor, Mcinnes, Bent and Moore, 1995). Since the use of
other recreational drugs, particularly use of alcohol and tobacco, havéobhedno

affect prospective memory (Heffernan and Bartholomew, 2006; Heffezhani,

2002, 2004, 2005; Heffernan, Clagkal, 2010;Heffernan, O’Neill and Moss, 2010;

Leitz et al, 2009; Paraskevaides al, 2010), a further criticism of this study is that

Rodger=t al did not control for use of these other recreational drugs.

More recently Montgomery and Fisk (2007) administered the traditionall @arti
paper version of the Prospective Memory Questionnaire (Haeha, 1995) to
gauge prospective memory failures in 28 ecstasy-polydrug users and 8Semsn-
The authors noted that cannabis use was common among both the ecstsgpoly
users and the non-users and utilised regression analysis to asterteamtribution

of both cannabis use and ecstasy use to reported deficits in prospeethaym
The authors concluded that use of cannabis, but not ecstasy, was aasignifi

predictor of reported deficits in long-term episodic, short-term habitual and
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internally cued aspects of prospective memory. These findings were metyent
consistent with the earlier findings of Rodgetsal (2001) who found cannabis use

to be associated with deficits in short-term habitual and internakyl aspects of
prospective memory and ecstasy use to be associated with defidtisg-term
episodic aspects of prospective memory. As in the study by Rodgerls this

study by Montgomery and Fisk can be criticised for its utilisatioa sElf-report
measure of prospective memory performance and although Montgomery and Fisk
controlled for use of alcohol by including it as a predictor, like Rodgeed, they

did not control for the potential effect of anxiety and depression which, as ddscribe
above, may be important because of their association with cannabisvitise

prospective memory, and with negative self-appraisal.

A further criticism of this study lies in its utilisation of regressanalysis despite
the relatively small sample size. According to Green (1991), as ®frtiemb, a
minimum acceptable sample size of 50m (@ herem is the number of predictors) is
required to test the overall fit of the regression model and a sample size ofrli84 +
required to test the individual predictors, assuming a medium effectsizveen
criterion and predictors. Employing these criteria, Montgomery aski Z007)
would require a minimum sample of 90 participants to test the fiteofitodel and a
minimum of 109 participants to test the significance of individuatljgtors within
the model. In addition to criticisms of the use of regression asalygi the small
sample size, a further criticism of this study stems from the authors’ interpretation of
the regression models which for both long-term episodic and short-terrudiabi
aspects of prospective memory were not significant. In other words thdsmode

proposed by Montgomery and Fisk did not significantly explain the deficits observed
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thereby making predictions of the contribution of cannabis use to thetslefici

somewhat irrelevant (Howell, 2010).

Subsequent research by Fisk and Montgomery (2008) also employed the traditional
pencil and paper version of the Prospective Memory Questionnaire (Hahmdn

1995) to compare prospective memory failures in 27 cannabis users who had
abstained for at least 24 hours prior to testing and did not use any atier ill
recreational drugs with 20 non-users. On this occasion the authors employed
multivariate analysis of covariance to determine any differebheeseen cannabis
users and non-users in terms of the number of prospective memory failuresdeport
After statistically controlling for alcohol consumption which differed sigaifitly
between cannabis users and non-users and fluid intelligence scbess the
difference between users and non-users approached significance, the authors
concluded that cannabis users reported significantly more failures in sirort-t
habitual and internally cued, but not long-term episodic, aspects of pigspect
memory. This finding was consistent with those reported by Redgexl (2001)

who also found cannabis use to be associated with self-reported defiditghi
short-term habitual and internally cued aspects of prospective memoretinot
entirely consistent with those of Montgomery and Fisk (2007) who reported that
cannabis use was also associated with reports of deficits in longegeisadic
prospective memory. However, as argued previously, the interpretation of the
regression analysis by Montgomery and Fisk was not appropriate due northe
significant regression models for long-term episodic prospective memosyin A
previous studies by Rodgess al and Montgomery and Fisk, this study by Fisk and

Montgomery can be criticised for utilisation of a self-report measure opgctge
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memory and failure to consider the potential effect of anxiety and depresgsich

may have confounded the findings.

In the first published study to employ an objective measure of prospeutivery
performance McHale and Hunt (2008) employed the Belonging sub-test of the
Rivermead Behavioural Memory Test (RBMT; Wilson, Cockburn and Baddeley,
1991) to assess event-based prospective memory and employed both short-interval
and long-interval tasks to assess time-based prospective memorycanadbis

users who had abstained for at least 24 hours prior to testing, 20 tobaccandsers

20 non-users. In the short-interval task participants pressed alfinmeinutes after

the instruction while the long-interval task required participants to gasamped
addressed envelope to the researchers two days after their paoticipBtie authors

found no significant differences between cannabis users, tobacco users -arsgnson

in event-based prospective memory. In the time-based tasks, hoevale and

Hunt found that the delay between the expected and the actual execution of the short-
interval task was significantly longer for cannabis users than for bothcihesers

and non-users and significantly fewer of the cannabis users remembegaridhe
envelope to the researchers in the long-interval task. These finchnggorate

those of Montgomery and Fisk (2007) who found that cannabis use was associated
with self-reported deficits in long-term episodic and short-term habigpacts of
prospective memory. Neither Rodgetsal (2001) or Fisk and Montgomery (2008)
found cannabis use to be associated with self-reported deficits indlongepisodic
prospective memory which contradicts the findings of McHale and Hunt. Roelgers

al. noted, however, that cannabis use correlated negatively with usatefjies to

assist remembering. It is possible therefore, that in the longahtiask tobacco

25



users and non-users employed some strategy upon leaving the study, fpfeexam
making a note in a diary, to assist their remembering which capldie their better
performance in the task. The fact that it is impossible to know preoigeht
strategies participants may employ outside of the laboratory envininimean
inherent disadvantage of the utilisation of naturalistic tasks tatascenemory

impairments and is a criticism of McHale and Hunt’s study.

Unlike the previous studies which relied upon self-reports of prospeceveony
failures which may be prone to inaccuracies due to a failure of pantisipa
remember that they have forgotten to carry out an intended task,tutis lsy
McHale and Hunt (2008) has the advantage of employing an objective measure
prospective memory. However, as in the studies by Fisk and Montg¢28£§),
Montgomery and Fisk (2007) and Rodgetsal (2001), the study by McHale and
Hunt can be criticised as it did not control for the potential effect ofegnand
depression which may be important because of their association both wittbisann
use and with prospective memory. Although McHale and Hunt included tobacco
users as a comparison group, they did not control for the potential effect oflalcoho
and, since use of alcohol has been found to adversely affect prospectiveymem
(Heffernan and Bartholomew, 2006; Heffernaetnal, 2002, 2004; Heffernan, Clark

et al, 2010; Leitzet al, 2009; Paraskevaides al, 2010), McHale and Hunt can be

further criticised for not controlling for the use of this recreational drug.

More recently, Hadjiefthyvouloet al have utilised a range of objective and self-
report measures to assess prospective memory in ecstasy-polydrugndsersn-

users. In the first of their studies, Hadjiefthyvouletual (2011a) assessed event-
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based, mid- and long-term time-based, and self-reported prospective mem@ry
ecstasy-polydrug users and 31 non-users. In this study the authonsséshed the
belonging, appointment and message tests of the Rivermead Behaviamalry

Test, although the version employed is unclear as the authors repeit that the
second edition (RBMT-II; Wilson, Cockburn and Baddeley, 2003) was employed
but the version referenced by the authors is the extended version (RBWils&n,

Clare, Baddeley, Cockburn, Watson and Tate, 1999). A laboratory-based paradigm
in which prospective memory tasks had to be completed either in respoase to
message on the screen during a perceptual processing speed task or at specified times
during the testing procedure and a naturalistic paradigm in which pantipad to

post test results to the researchers were also employed. In addigoauthors
utilised both the Prospective Memory Questionnaire (Haretoel, 1995) and the
Prospective and Retrospective Memory Questionnaire (PRMQ; Crawford, Smith,
Maylor, Della Sala and Logie, 2003). The authors noted that thetsi@fi@cstasy-
polydrug users compared to non-users remained statistically signifafsert
controlling for use of cannabis thereby suggesting that cannabis was not an important
contributor to the deficits. This finding appeared to contradict previowusn{is

which have noted deficits associated with cannabis use (Fisk and dviwelg

2008; McHale and Hunt, 2008; Montgomery and Fisk, 2007; Rodgeas, 2001).
However, inspection of the relationships between different aspects of druands
prospective memory revealed significant associations between bdtmdifand
frequency of cannabis use and prospective memory. Although the associatibpns wi
lifetime use disappeared after controlling for other drug use, associatitins w
frequency of use remained suggesting that cannabis use may play senrethel

deficits observed.
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In their second study, Hadjiefthyvoulai al (2011c) administered the Cambridge
Prospective Memory Test (CAMPROMPT; Wilson, Emslie, FoleyglSWatson,
Hawkins, Groot and Evans, 2005) to assess event-based and time-based peospecti
memory in 29 ecstasy-polydrug users, 12 cannabis users and 18 non-users. The
authors reported no significant differences between the cannabis users and-the
users in either event-based or time-based prospective memory. flindisgs
corroborate those of McHale and Hunt (2008) in terms of event-based prospective
memory but not in terms of time-based prospective memory. As Hadyjiettlou

et al recruited only twelve cannabis users, however, it is possible Hisastudy
lacked sufficient power to detect significant differences, partiguithe effect was
small. The findings of Hadjiefthyvouloet al (2011c) also appeared to contradict
the previous findings of Fisk and Montgomery (2008), Montgomery and Fisk (2007)
and Rodgerst al (2001) which noted deficits associated with cannabis use. Again,
however, inspection of the relationships between different aspects of drugduse a
prospective memory revealed that frequency of use was significasthciated with
deficits in time-based prospective memory while frequency of use and qoisum
within the previous 30 days were significantly associated with deficits in eveattba
prospective memory. These findings thereby suggest that cannalssagsediated

with deficits in prospective memory.

Finally, a recent study by Montgomery, Seddon, Fisk, Murphy and Jansare$s) pr
utilised a non-immersive virtual reality paradigm to assess prbgpanemory and
executive functioning in 20 cannabis users who did not use any otherdtigs

and had abstained from use for a period of at least 5 days and 20 non-usarg. Duri

the task, participants played the role of an office worker and performeudertasks
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associated with the role. Montgomesy al found that planning and prospective
memory in both event-based and time-based contexts were signifipactigr in
cannabis users than in non-users and that these deficits were correlatedss,
frequency and duration of use and total use of cannabis. These findings coeroborat
the time-based deficits associated with cannabis use noted by élaHdl Hunt
(2008) and highlight the need to consider the cognitive processes underlying
prospective memory. For example, as previously described, successfati@alof
intended tasks is characterised by distinct phases (Ellis, 1996;aktlig-reeman,
2008; Kliegelet al, 2008). These phases draw upon specific cognitive processes.
For example, during the first phase the intention is successfully formed (planning
and the association between the retrieval contex¢if) and the intended taskifas)
encoded (associative learning) while the execution of the intentiors nepien
recognition of the appropriate retrieval context (attention/monitoring of the

environment) and recall of the intended task (retrospective memory).

1.6 Rationale for thesis

Cannabis is the most commonly used illicit recreational drug in titedJKingdom
among teenagers and young adults (MacLeod and Page, 2011; Smith aryd Flatle
2011; Toner and Freel, 2010). In addition, first initiation to cannabis use among
young adults typically occurs as young as 15 years (Hoare and Moon, 2016). Thi
may be important because brain development occurs during adolesoeniteisa
possible that those individuals who commence cannabis use during tlaal cri
period may be more vulnerable to the deleterious neurocognitive effeasratlis.

Of particular importance is the potential impact of cannabis use on icogwithin

everyday situations where any deficits may impact upon an individual’s quality of
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life by adversely affecting their ability to effectively plan andamige their daily
activities or adhere to medical regimes. From the review ofitdratlre exploring

the effect of cannabis use on prospective memory outlined above there is a
consensus that cannabis use has a detrimental impact upon an individual’s ability to
remember to perform such daily intentions. The findings of these studiesydmw

may be criticised on the basis of a number of potential methodological limitations.

The first of these criticisms stems from the utilisation of self-repwasures of
prospective memory within many of these studies. Such measures mpegnbeo
inaccuracies for two reasons. In the first instance, asking individuidgdsnemory
problems to reflect on their memory failures creates a paradox wiaighead these
individuals to underestimate of the extent of their problems simply bed¢hege
have failed to accurately remember that they have forgotten to catrg task.
Secondly, such measures have been heavily criticised as a conseafubeaepoor
correlation with objective measures of ability (Bedi and Redman, 2008; Chan, Wang,

Ma, Hong, Yuan, Yu, Li, Shum and Gong, 2008; Uttl and Kibreab, 2011).

A further criticism stems from the failure of these studies to control fopgyms of

anxiety and depression. This may be important because previous researctetias

an association between cannabis use and symptoms of anxiety and depression
(Crippaet al, 2009; Degenhardit al, 2003; Kalant, 2004; Mooret al, 2007; van

Laar et al, 2007) and this has two important implications. Firstly, research has
suggested that prospective memory is adversely affected by symptoansiety

and depression (Harris and Menzies, 1999; Kliegel and Jager, 2006;eRadge

1999). Secondly, research has suggested that self-reports may be plgrticular
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susceptible to negative self-appraisals associated with sympibrasxiety and
depression (Bedi and Redman, 2008; Cuttler and Graf, 2008, 2009; Rahbdoift
1995). Indeed, this may explain some of the inconsistencies these dtadees
encountered in their findings in relation to the specific aspects of prospect

memory affected by cannabis use.

Since the use of other recreational drugs, in particular the use of alcohol and tobacco,
have been reported to adversely impact upon prospective memory (Heffernan and
Bartholomew, 2006; Heffernaat al, 2002, 2004, 2005; Heffernan, Clagk al,
2010; Heffernan, O’Neill and Moss, 2010; Leitz et al, 2009; Paraskevaides al,
2010), a further criticism of many of these studies stems from their fadlwentrol

for use of these recreational drugs.

In the light of these methodological limitations the aim of the programme of research
undertaken in this thesis was to evaluate an objective measure &ms#ssment of
prospective memory and to employ this tool to examine the effect of cannalis us
prospective memory in order to mitigate the limitations assatiatéh the
utilisation of self-report measures. In examining the effect of cannagison
prospective memory the present thesis aimed to further extend previcarshdsg
controlling for symptoms of anxiety and depression and the use of other mwekati

drugs which may adversely impact upon prospective memory.

Furthermore, the present thesis aimed to extend previous research to explore t
nature of any deficits observed in terms of attempting to elucidatenttherpinning

neurobiological processes that might be particularly susceptible ho t
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psychopharmacological effects of cannabis use. Specifically, the pithesn
explored whether deficits recovered on cessation of cannabis use, whethés defici
were related to the dose and duration of cannabis use and whether the age of

commencement of cannabis use affected prospective memory.

As the successful realisation of intended tasks is charactdrselstinct phases
(Ellis, 1996; Ellis and Freeman, 2008; Kliegelal, 2008) which draw upon specific
cognitive processes the present thesis also explored the underlyingcpvespe
memory processes that may be particularly susceptible to the psychopharmalcologica
effects of cannabis. Specifically, the thesis examined whether priespexemory
deficits were due to deficits associated with the initial encodfnilpe task and its
associated cue or to deficits in the retrieval of the intention. Trestlharther
explored whether deficits occurred as a consequence of failures in dgaiten of
the appropriate retrieval contexti{en) or failure to recall the intended taskhas).
Finally, the present programme of research explored whether time-basednor
based retrieval contexts were more susceptible to the psychopharmzaiaddigicts

of cannabis.
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Chapter 2

Psychometric properties of a prospective memory video procedure

2.1 Rationale

As outlined in chapter one, previous studies investigating the effeenofbis use

on prospective memory (Fisk and Montgomery, 2008; Montgomery and Fisk, 2007,
Rodgerset al, 2001) have predominantly utilised self-report measures of prospective
memory, in particular the Prospective Memory Questionnaire (Haenat, 1995).

The use of such self-report measures is not without its limitationsgusow For
example, such measures may be prone to inaccuracies for two reasonly, Firs
asking individuals with memory problems to reflect on their memory faiknestes

a paradox which may lead these individuals to underestimate of the ekthmeir
problems simply because they have failed to remember that theydigoéen to
carry out a task. Secondly, self-reports may be particularly silseetat negative
self-appraisals associated with anxiety and depression (Bedi andaRe@008;
Rabbittet al, 1995). Indeed, this may explain some of the inconsistencies such
studies have encountered in their findings in relation to the spesiiecs of
prospective memory affected by cannabis use. In addition, such measurbsédrave
criticised as a consequence of their poor correlation with objecteasumes of

ability (Bedi and Redman, 2008; Chanal, 2008; Uttl and Kibreab, 2011).

In order to accurately reflect prospective memory ability it is importa employ
more objective measures of performance. These can be divided intalistit
tasks and laboratory tasks. Naturalistic tasks are those taskstategblace within

the context of the individual’s everyday life. For example, typical naturalistic tests

33



of prospective memory require participants to post a letter to the reseam a
specified date or to telephone the researcher at a specific 8oeh paradigms lack
the ability to control for confounding variables such as the use of sémtegassist
remembering, for example making a note in a diary. This may subseqjeewotip

an underestimation of the extent of prospective memory deficits. Furthetask®,
which rely on the execution of only one or two tasks may be too siroisti may
potentially allow non-clinical individuals with mild prospective n@yndeficits to
attain maximal performance (ceiling effect). The use of laboratokg t@sinfer
performance in the real-world, however, has received criticism becaudaak af
ecological validity (Chaytor and Schmitter-Edgecombe, 2003; Spooner ahdnmaac
2006). For example, typical laboratory tests of prospective memory employ
paradigms such as that developed by Einstein and McDaniel (1990) whicterequi
participants to press a particular key on a computer keyboard when alpaxtiord

or category of word, for example animals, appears on the screen during am@n-goi
task such as a short-term memory task or a lexical decision task. t&ks do not
reflect salient real-world prospective memory tasks and therefore tadtgeal

validity.

Two commercially available laboratory tasks that have attentpteztain ecological
validity are the Rivermead Behavioural Memory Test (Wilsoral, 1991) and the
Cambridge Prospective Memory Test (Wilsat al, 2005). The Rivermead
Behavioural Memory Test comprises twelve everyday memory téskdich three

are specific prospective memory tasks. These include the belomgnhgvhich
requires participants to remember to ask for the return of a personal belohging, t

appointment test which requires participants to ask the time of their next
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appointment when an alarm sounds, and the message test which requcgmpesti

to remember to deliver a message enveldpgewever, the simplicity of the test as a
consequence of the inclusion of only three tasks allows the possihditynbn-
clinical individuals with mild prospective memory deficits mayaet maximal
performance and this has led to criticism of the test as a consequiens lack of
sensitivity (Spooner and Pachana, 2006). Furthermore, Mills, Kixmiller, Gélespi
Allard, Flynn, Bowman and Brawn (1997) found no significant correlation between
scores on the prospective memory tasks of the Rivermead Behavioural }iBesor
and actual performance completing a number of assigned tasks therebstisggge
that the prospective memory tasks lacked validity. In comparisomahe recently
developed Cambridge Prospective Memory Test comprises six tasks mbasure
prospective memory with three tasks specifically gauging tinsedbgrospective
memory where the task is performed at specified times and threeg@msgmg
event-based prospective memory where the task is performed in response to a
particular event. Although comprising more tasks and providing a mordigensi
scoring system than the Rivermead Behavioural Memory Test, thiglseshas the
potential for non-clinical individuals with mild prospective memory defidio
perform at, or near, maximal capacity. This is because the tesitpémmuse of
strategies to assist remembering and therefore individuals who exqeepeoblems
remembering may be more likely to use this opportunity to improve their
performance, particularly in a situation where they know their ahditynder
scrutiny. Indeed, Hadjiefthyvouloget al (2011c) noted that scores achieved across
the event-based prospective memory tasks were negatively skeggesdtiog a lack

of sensitivity as described by Spooner and Pachana (2006) in relatidre to t

Rivermead Behavioural Memory Test.
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Within the field of recreational drug use research these teststtabBsadvantage
that participants must be tested individually in a feeeéace situation and users of
illicit drugs may be reluctant to participate under these ciramss. One measure
which may help to alleviate this problem by allowing participaotbe tested in
small groups which provide a measure of anonymity to such participatite is
Prospective Remembering Video Procedure (PRVP) described by Titov agiat Kni
(2001). This procedure utilises a naturalistic task with a shopping szehati
simulates an individual walking through a busy shopping area with natural
distractions in the form of fragments of conversations and street rmssasavell as
pedestrians going about their business. In examining convergent vahiditgir
video procedure with performance in the real-world utilisingnarivo version of the
same task, Titov and Knight (2000, 2001) found no significant differences between
performance in the video procedure and performance imthiro task and scores

on the two versions were strongly correlated suggesting that the Prespecti
Remembering Video Procedure was a reliable predictor of real-world progpectiv

memory functioning.

Such a task was developed by Forster (2003) as part of her undergraduate thesis
assess prospective memory in dyslexics and this task has béssdgilbsequently

to assess prospective memory in patients with eating disorderd, (Sababra,
Heffernan, Robertson, Foster, Venn, Froom and Williams, 2004) and in teenagers
who binge drink (Heffernan, Clark al, 2010). The psychometric properties of this
particular video procedure, however, have never been assessed. Beforergmployi
any psychological measure it is important to understand the reliaili validity of

the measure and to establish normative data. With this goal in iédjm of the
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present series of studies was to assess the psychometric propertispaispective
memory video procedure by examining both the internal consistency anddctori
structure of the task and by gathering evidence of convergent valicaipsag
existing measures of prospective memory. The distribution of scoreslsas a
examined to ensure that the task was capable of discriminatingdretthhose
individuals with good prospective memory and those with poor prospectivemem

and to ensure that the task was not too easy or too difficult.

2.2 Study 1: Reliability, factorial structure and item analysis

The aim of this first study was to evaluate the psychometric prepestia video
procedure for the assessment of prospective memory by examining both thal inte
consistency and factorial structure of the task and examining the distmilmitthe
scores attained to ensure that the task was capable of dmatimgi between those
individuals with good prospective memory and those with poor prospectivemnem

and to ensure that the task was not too easy or too difficult.

2.2.1  Methodology

2.2.1.1 Design

The study employed a correlation design to assess the internateotygiand the
factorial structure of a prospective memory video procedure. The measusethey
individual responses (correct/incorrect) for each of the location-aabimioations
comprising the prospective memory video procedure and the total number of

correctly recalled location-action combinations.
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2.2.1.2 Participants

An opportunity sample of 1057 undergraduates between the ages of 18 and 24 years
studying at universities in the northeast of England completed the ptigspec
memory video procedure. The sample comprised 399 males with a median age of 19

years and 658 females also with a median age of 19 years.

2.2.1.3 Measures

A prospective memory video procedure as described by Titov and Knight (2001)
provided an objective measure of prospective memory performance. The fask in t
present study (adapted from Forster, 2003) involved the presentation of a list of
seventeen intentions comprising specific tbaa, for example “at HMV”, and
associated actions that were either tasks to perform at that location, for example “at

HMYV buy a CD” or questions to be answered, for example “at the flower stall what

colour is the stall’s canopy?”. A shopping simulation was then presented as a ten
minute video depicting an unfamiliar shopping area and focusing on shop fronts and
passers-by that provided location cues and distractions during which theuphev
presented intentions were recalled as a series of locatimm combinations when

the appropriate cue appeared on the video. For each intention, one point was
awarded if the location-action combination was correctly recall¢l ma points if

only one member of the combination was correctly identified, thus provadsugre
between zero and seventeen with higher scores indicating better praspectiv

memory.
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2.2.1.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsittee
Participants were tested in small groups of six to eight pamitsgaer session in a
spacious room. The nature of the task was explained and partichgaatprovided

with an opportunity to ask for further clarification of the task requiremeAfser
providing informed consent the participants were each allocated a udenidier

to ensure anonymity. Participants were then informed that a lisicafidns and
associated tasks to be performed at that location would be read out awdhbat
writing anything down while the list was being read they wereyttotremember as
many of the intentions as they could. When the participants were lappgtinue

the list of locations and associated actions to be remembered (appgnhs read
aloud at a steady pace. The list was repeated and participants were reminded that the
aim of the task was to recall the items at the appropriate tiwcheh@refore as they
watched the video they were to record both the location and the &sdamiéion on

the response sheet provided only when they reached the appropriate locaban cue
the video. After verifying that participants understood the task requitsimihe
video was played. On completion of the video procedure, participants were

debriefed and thanked for their participation.

2.2.2 Results

2.2.2.1 Distribution of scores
A Kolmogorov-Smirnov test for normality indicated that scores onptiespective
memory video procedure were not normally distributed [D (1057) = 0.09, p < 0.001].

Examination of the frequency distribution (Figure 2.1), however, suggestethehat
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distribution of scores was not severely skewed and confirmed that panicenon

the task was not subject to ceiling or floor effects.
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Figure 2.1. Distribution of scores on the prospective memory video procedure

2.2.2.2 Reliability and Factorial Structure

Cronbach’s alpha suggested that the video procedure was sufficiently reliable with

the seventeen items comprising the procedure showing an acceptable degre

internal consistency (o = 0.73). Principal component analysis (PCA) was conducted

on the seventeen items making up the video procedure to determine tth&lfac

structure of the task. The suitability of the data was verifieint Kaiser-Meyer-

Olkin’s (KMO) measure of sampling adequacy (KMO = 0.85) and Bartlett’s test of

sphericity indicated that correlations between items were appropriateirioippl

component analysis [x? (136) = 1490.60, p < 0.001]. Four factors with eigenvalues

greater than one were extracted which explained 38.16% of the variahoe thwit

data. According to Field (2009), however, Kaiser’s recommendation to retain all

factors with eigenvalues greater than one often overestimates themahfactors
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present. Field goes to argue that Kaiser’s criterion is accurate with fewer than 30

items if all extraction communalities exceed 0.7 or with sampks greater than

250 if the average extraction communality is 0.6 or greater but advocates the use of a
scree plot in all other circumstances provided the samplessgzeater than 200. In

the present study the average extraction communality was 0.38 therefameethe

factor solution suggested by the scree plot (Figure 2.2) was accepted.
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Figure 2.2. Scree plot of factors extracted following principal components
analysis of the prospective memory video procedure items

2.2.2.3 Item Analysis

The difficulty of each of the seventeen items comprising the prospectamory

video procedure was examined by considering the proportion of participants who
answered the item correctly (Table 2.1). Scrutiny of these item difficulties suggested
that two items, “at HMV buy a CD” and “at Burger King buy a milkshake”, which

were correctly recalled by more than 80% of participants appeared to be too easy and
one item, “at the mobile phone stall ask for directions to the station” which was

correctly recalled by fewer than 20% of participants appeared to be tooldifffcu
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test is considered to be acceptable, however, if the item difisuaverage 0.5
(MclIntire and Miller, 2007) and therefore, as the average item difficnltthe
present study was 0.58, the prospective memory video procedure was considered

appropriate.

Table 2.1. The proportion of participants correctly recalling each i&m
comprising the prospective memory video procedure

Proportion Proportion
Item correctly recalling Item correctly recalling
the item (%) the item (%)

Halifax 65 Wallis 50

Dixon 55 Mobile phone stall 19

Pushchair 62 H Samuel 69

Bench 50 Thornton 74

Boots 52 Orange 76

WH Smith 71 Link a7

Man asking for

HMV 91 change 50

Burger King 83 Picture stall 30
Flower stall 50

In order to ascertain the utility of the items comprising the prosgeatigmory
video procedure it is important to consider whether the items are ahdfitoently
discriminate between individuals with good prospective memory and dcila

with poor prospective memory (item discrimination). On the basis of &amelit,
participants who correctly recalled fewer than 10 intentions during the ptiospec
memory video procedure were categorised as having poor prospective mechory an
those who correctly recalled more than 10 intentions were categorisediag ha
good prospective memory. Across all items, a higher proportion of thtiseear

prospective memory compared to those with good prospective memory failed to
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correctly recall the item and a higher proportion of those with good prospective
memory compared to those with poor prospective memory correctly recafled th
item (Table 2.2). Furthermore, across all of the items, Chi-square tests of association
indicated that these associations between prospective memoty adithe correct

recall of the item were significant.

Table 2.2. The proportion of individuals with good prospective memoryhigh
scorers) and poor prospective memory (low scorers) failing to coectly recall and
correctly recalling each item comprising the prospective memory videorpcedure

Proportion failirg Proportion
to correctly recall correctly recalling
the item(%) the item(%)

Low High Low High

Item Scorers Scorers scorers Scorers Chi-Square statistics
Halifax 5242 1550 47.58 84.50 y*(1)=143.60, p < 0.00:
Dixon 63.37 25.05 36.63 74.95 y*(1)=140.71, p <0.001

Pushchair  57.89 1847 4211 8153 4°(1)=155.59, p < 0.00!
Bench 7284 2718 27.16 72.82 4°(1)=197.27,p < 0.00!
Boots 73.05 2527 26.95 74.73 *(1)=216.07, p < 0.00:

WH Smith 4758 12.31 5242 87.69 *(1)=139.99, p < 0.00’
HMV 17.05 255 8295 97.45 y*(1)=56.13, p <0.001

Burger King 30.32 6.37 69.68 93.63 y*(1)=90.35, p < 0.001
Flower stall 71.79 27.18 2821 72.82 *(1)=188.30, p < 0.00

Wallis 73.05 2590 26.95 74.10 %?(1)=210.32, p <0.00!

Mobile phone
stall

HSamuel 5095 1253 49.05 87.47 4 (1)=160.92, p < 0.00!
Thomton 4021 12.74 59.79 87.26 »*(1)=91.56, p < 0.001
Orange 3832 977 61.68 90.23 4°(1)=105.38, p < 0.00!

Link 7474 2951 2526 70.49 *(1)=193.87, p < 0.00:

Man asking
for change

Picture stall 89.26 48.41 10.74 5159 (1) =184.29, p < 0.00!

92.00 6837 8.00 31.63 (1) =83.30, p <0.001

68.42 32,70 3158 67.30 4?(1)=120.75, p <0.00!
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2.2.3 Summary of findings and conclusions

The aim of the present study was to evaluate the psychometric prsmeéra video
procedure for the assessment of prospective memory. Specifically, thistdoly

examined the internal consistency and the factorial structure ofdae procedure
and examined the distribution of scores attained on the task to ensufeethedk
was capable of discriminating between individuals with good prospeceveony

and those with poor prospective memory and to ensure that the task was easy

or too difficult.

In relation to these objectives, the findings suggested that the ptlivspeemory
video procedure was a reliable measure with the seventeen items Siogine
procedure showing an acceptable degree of internal consistency and principa
component analysis further suggested that these items loaded antgeafactor
suggesting that the items measured the same underlying consbaratiny of the
individual items comprising the video procedure suggested that whileajoeitynof

the items were within acceptable bounds in terms of the proportion of respondents
correctly recalling the intention (item difficulty), two items apped to be less
difficult and one item appeared to be more difficult. The average diffroulty

over the test as a whole, however, suggested that the task diffi@dtgppropriate

and the distribution of scores attained by participants further suggestetheéha
prospective memory video procedure was sufficiently complex to prevemigceili
effects whilst at the same time avoiding floor effects due totdlsk being too
difficult. Furthermore, all items were able to discriminate betweenidwhls with

good prospective memory and those with poor prospective memory.
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2.3 Study 2: Convergent validity with existing self-report measures

The findings documented in study one suggested that the prospective nvateory
procedure was a reliable objective measure which was not prone ng etikcts in
non-clinical populations and that the factorial structure of the taslsuasthat all

items appeared to measure the same construct. A limitation ctulis however,

was that it did not provide evidence that the construct measurdte yracedure

was indeed prospective memory. The aim of the present study, therefory was
gather evidence of convergent validity of the video procedure with existing measures
of prospective memory. Specifically, the present study examined tit@mnship
between scores on the video procedure and self-reports of prospective memory
deficits utilising the Prospective Memory Questionnaire (Hargtoal, 1995) and

the Prospective and Retrospective Memory Questionnaire (Craefaxt, 2003).

As the prospective memory video procedure measures prospective remerabdring
the Prospective Memory Questionnaire (Hannomlgt1995) and the prospective
memory subscale of the Prospective and Retrospective Memory Questionnaire
(Crawford,et al, 2003) measure prospective memory failures, it was predicted that
there would be an inverse relationship between scores on the prospeethay

video procedure and each of these measures.

2.3.1  Methodology

2.3.1.1 Design
The study employed a correlation design to gather evidence of conveatdity of
the video procedure with existing self-report measures of prospective meirioey

measures were the number of location-action combinations correctifgdedaring
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the video procedure, the number of prospective memory failures reported on each of
the Prospective Memory Questionnaire (Hanreinal, 1995) subscales and the
number of prospective memory failures reported on the prospective memory
subscale of the Prospective and Retrospective Memory Questionnaire (Cratvford
al., 2003). The presentation of the measures was held constant across all

participants.

2.3.1.2 Participants
Of the 1057 participants who completed study one, an opportunity sample of 640
participants also completed the present study. The sample comprised 224 males with

a median age of 19 years and 416 females also with a median age of 19 years.

2.3.1.3 Measures
The prospective memory video procedure described in study one was entployed
objectively gauge prospective memory performance. Cronbach’s alpha confirmed

that the reliability of the video procedure was acceptable in the present study (o =

0.72).

The Prospective Memory Questionnaire (Haneomal, 1995) was employed as an
existing self-report measure of prospective memory ability againsthwthe
prospective memory video procedure could be evaluated. This questionnaire
(appendix B) gauged the number of prospective memory failures reported across
three aspects of prospective memory ability with fourteen item®defationg-term
episodic prospective memory, fourteen items related to short-term habitua

prospective memory and ten items related to internally cued prospettivery.
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Long-term episodic prospective memory describes situations whereéaskeis
completed hours or days after a cue to perform it and occurs irregularly, for example,
“in the last year I forgot to send a card for a birthday or anniversary” or “in the last

week I forgot to meet a friend on time”. Short-term habitual prospective memory
describes situations where the task is completed within minutes of a cue to perform it
and occurs routinely, for example, “in the last week I forgot to lock the door when
leaving my apartment or house” or “in the last week I forgot to button or zip some

part of my clothing as I was dressing”. In contrast, internally cued prospective
memory describes situations where the task had no obvious external cust to el
remembering, for example, “in the last week I forgot what I wanted to say in the

middle of the sentence” or “in the last week I forgot what I came into a room to get”.

On each subscale the participant responded along a nine-point $icheranged

from one (never forgot) to nine (much forgetting). A mean score was caltitat

each of the subscales thus providing three scores between one and ningheith hi
scores indicating poorer prospective memory. Cronbach’s alpha confirmed
acceptable reliability in the present study for the lamgr episodic (o0 = 0.81),

shortterm habitual (a = 0.75) and internally cued (oo = 0.81) subscales.

The Prospective and Retrospective Memory Questionnaire (Crawfaati, 2003)

was also employed as an existing self-report measure of prospeetiverynability
against which the prospective memory video procedure could be evaluatexd. Thi
guestionnaire (appendix C) gauged the number of memory failures reported across
long-term and short-term and across self-cued and environmentally cuets aspe

both prospective memory and retrospective memory ability. The questionnaire

comprises eight items related to prospective memory, for example, “do you decide to
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do something in a few minutes’ time and then forget to do it?” (short-term, self-
cued) or “do you forget to buy something you planned to buy, like a birthday card,
even when you see the shop?” (long-term, environmentally cued) and eight items
related to retrospective memory, for example, “do you fail to recognise a character in

a radio or television show from scene to scene?” (short-term, environmentally cued)
or “do you fail to recall things that have happened to you in the last few days?”
(long-term, self-cued). On each of the subscales the participant respiodgcdh
five-point scale which ranged from one (never forgot) to five (very often forgot).
total score was calculated for each subscale thus providing two setwe=en eight
and forty with higher scores indicating poorer prospective memory. Cronbach’s
alpha confirmed acceptable reliability in the present study for both the prosgective

= 0.80) and the retrospective (o = 0.73) memory subscales.

2.3.1.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsitteen
Participants were tested in small groups of six to eight particgaert session in a
spacious room. The nature of the task was explained and particiwetprovided

with an opportunity to ask for further clarification of the task requiremeAfser
providing informed consent the participants were each allocated a udequéier

to ensure anonymity. The procedure detailed in study one for the completi@n of t
prospective memory video procedure was adopted for the present study. On
completion of the video procedure participants completed the Prospective Memory
Questionnaire (Hannoet al, 1995) and the Prospective and Retrospective Memory

Questionnaire (Crawforet al, 2003), both of which contained instructions for
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completion. Following the completion of all tasks the participarese debriefed

and thanked for their participation.

2.3.2 Results

2.3.2.1 Convergent validity with the Prospectivenvdgy Questionnaire

As the data obtained from the Prospective Memory Questionnaire (Hatredn
1995) were of ordinal level, ngsarametric Spearman’s rho tests of correlation were
conducted to ascertain the existence of any relationship betwescoties obtained
utilising the prospective memory video procedure and the number of long-term
episodic, short-term habitual and internally cued prospective memory $ilure
reported utilising this questionnaire. These tests indicated smnifcorrelations
between scores on the video procedure and reports of prospective memoryifailures
long-term episodic [r (640) = -0.11, p = 0.004=r0.01] and short-term habitual [r
(640) = -0.13, p = 0.0012 = 0.02] but not internally cued [r (640) = -0.004, p =

0.92] aspects of prospective memory.

2.3.2.2 Convergent validity with the ProspectivedaRetrospective Memory
Questionnaire

As the data obtained from the Prospective and Retrospective MemorydQnoaie
(Crawfordet al, 2003) were of ordinal level, ngrarametric Spearman’s rho tests of
correlation were conducted to ascertain the existence of any relationshgebehe
scores obtained utilising the prospective memory video procedure and the wiimber
prospective memory and retrospective memory failures reported utilising this

questionnaire. These tests indicated no significant relationshiedretscores on
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the video procedure and reports of memory failures in either prospective memory

(640) = 0.03, p = 0.41] or retrospective memory [r (640) = -0.06, p = 0.11].

2.3.3  Summary of findings and conclusions

The aim of the present study was to gather evidence of converggfityvad the
video procedure with existing measures of prospective memory. Specifitaly
present study examined the relationship between scores on the video precedure
self-reports of prospective memory deficits utilising the Prospedtiamory
Questionnaire (Hannoet al, 1995) and the Prospective and Retrospective Memory
Questionnaire (Crawfor@t al, 2003). The findings indicated small correlations
between scores on the video procedure and reports of deficits in long-termapisodi
and short-term habitual but not internally cued aspects of prospectiverynem
utilising the Prospective Memory Questionnaire (Hanabal, 1995) and found no
relationship between scores on the video procedure and reports of deficits i
prospective memory utilising the Prospective and Retrospective Memory

Questionnaire (Crawforetal., 2003).

The small correlations observed in the present study were not unexpected as previous
research has consistently noted weak correlations between self-pguodspective
memory deficits and objective measures of ability (Bedi and Redman, 2ba8gt

al., 2008; Uttl and Kibreab, 2011). Similarly, the absence of a relationsthiself-

reports of deficits in internally cued prospective memory was not unexipaateto

the nature of the video procedure which comprises environmental cues hather t
being internally cued. Nor was the absence of a relationship withepelfts of

deficits in retrospective memory when utilising the Prospective artch$pective
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Memory Questionnaire (Crawfoet al, 2003) unexpected as Crawfadal (2003)
argue that prospective memory and retrospective memory relate to teepara
constructs. The absence of a relationship between scores on thpradedure and
self-reports of prospective memory deficits when utilising the Prospeend
Retrospective Memory Questionnaire (Crawfoetd al, 2003), however, was
unexpected. This may reflect a lack of construct validity within gadicular
questionnaire as Uttl and Kibreab (2011) noted that the scores on the pvespec
memory subscale were more highly correlated with the scores on theeetres
memory subscale than with the scores on other self-report measymeséctive
memory leading them to suggest that this questionnaire measwrasralgnemory

factor rather than distinct components of prospective and retrospective memory.

2.4 Study 3: Convergent validity with existing objective measures

The findings documented in study two provided only weak evidence of convergent
validity of the video procedure with existing self-report measures of pridgpec
memory. Self-report measures have been criticised, however, as a cooseglue
their poor correlation with objective measures of ability (Bedi and Redman, 2008;
Chanet al, 2008; Uttl and Kibreab, 2011). The aim of the present study, therefore,
was to gather evidence of convergent validity of the video proceduresaga
existing objective measure of prospective memory. As both the progpewivory
video procedure and the Cambridge Prospective Memory Test (Witsaln 2005)
measure prospective remembering, it was predicted that there woulddibecta
relationship between overall scores attained utilising these msadaraddition, as

the prospective memory video procedure comprised event-based cues it hes furt

predicted that there would be a direct relationship between scoths prospective
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memory video procedure and scores for the event-based tasks on the Cambridge
Prospective Memory Test (Wilsat al, 2005) with no relationship between scores

on the prospective memory video procedure and scores for the time-based tasks.

2.4.1  Methodology

2.4.1.1 Design

The study employed a correlation design to gather evidence of conveafjdity of

the video procedure with an existing objective measure of prospectiversneiirhe
measures were the number of location-action combinations correctigdedaring

the video procedure and scores based upon execution of the time-basé@ and
event-based tasks during the Cambridge Prospective Memory Tesor{\Wilsal,
2005). Half of the participants completed the video procedure followed by the
Cambridge Prospective Memory Test while the remainder completéththéridge

Prospective Memory Test followed by the video procedure.

2.4.1.2 Participants

Of the 1057 participants who completed study one, an opportunity sample of 80
participants also completed the present study. These partichihteot completed
study two. The sample comprised 25 males with a median age @a® and 55

females with a median age of 19 years.

2.4.1.3 Measures
The prospective memory video procedure described in study one was einjgoye

objectively gauge prospective memory performance. Cronbach’s alpha confirmed
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that the reliability of the video procedure was acceptable in the present study (o =

0.73).

The Cambridge Prospective Memory Test (Wilstral, 2005) was employed as an
existing objective measure of prospective memory ability agaihgthwthe video
procedure could be evaluated. The test required participants to perform three tasks at
specified times durigithe test, for example “in seven minutes....” and three tasks in
response to a particular event, for example “when the alarm sounds....” whilst
engaged in a concurrent activity which involved the completion of a series of puzzles
and quizzes over a testing period of 25 minutes. Prompts were providecuetite

that the participants failed to spontaneously perform the task at the apf@ dpnie

or performed an incorrect action. Points for the completion of tasks were awarded
on a sliding scale according to the protocol described in the test maitinaa
maximum of six points awarded if the task was spontaneously performespionse

to the appropriate event or time cue. Four points were awarded if one praspt
required prior to execution of the correct response and two points were awarded if
two prompts were required. One point was awarded if an incorrect response was
carried out following two prompts with zero points being awarded if thecpmatit

made no response and indicated that they could not remember whatthieyahad

been asked to do even after prompts. The scores for the three event-slesadda

the three time-based tasks were totalled separately to providsectwes between

zero and eighteen. An overall prospective memory performance scorelswas a
calculated by summing the time-based and the event-based shaseprdviding a
score between zero and thirty-six. In all three instances a higher mdicated

better prospective memory. Cronbach’s alpha indicated that the reliability of the test
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in the present study was lower than traditionally recommended (o = 0.56). However,
as alpha is dependent upon the number of items (Cortina, 1993; Streiner ti26803),

may be due to the low number of items contained within the task.

2.4.1.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsitteen
Participants were tested individually and were randomly seleatednplete either

the prospective memory video procedure followed by the Cambridge Prospective
Memory Test or to complete the Cambridge Prospective Memoryolésived by

the video procedure. The nature of the task was explained and particigaats w
provided with an opportunity to ask for further clarification of the task requirament
After providing informed consent the participants were allocated a urdguéfier

to ensure anonymity. The procedure detailed in study one for the completi@n of th
prospective memory video procedure was adopted for the present study and the
Cambridge Prospective Memory Test (Wilsgtral, 2005) was completed according

to the protocol described in the test manual. Following the completiah tasks

the participants were debriefed and thanked for their participation.

2.4.2 Results

Shapiro-Wilk tests for normality indicated that the scores obtainedingilthe
Cambridge Prospective Memory Test (Wilsen al, 2005) were not normally
distributed in terms of time-based prospective memory [W (80) = 0.90, p < 0.001],
event-based prospective memory [W (80) = 0.91, p < 0.001] or in terms of overall
prospective memory score [W (80) = 0.94, p = 0.001]. As data transformations must

be performed on all variables within a statistical analysiddF2009) and because
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the data were normally distributed in terms of prospective memory pideedure
scores [W (80) = 0.98, p = 0.15], transformation was not appropriate as correcting
the skew within the Cambridge Prospective Memory Test scores wwaud
generated skew within the prospective memory video procedure scores: Non
parametric Spearman’s rho tests of correlation were therefore conducted to ascertain

the existence of relationships between the scores obtained utihgnuospective
memory video procedure and scores obtained utilising the Cambridge Prospective
Memory Test (Wilsoret al, 2005). These tests indicated significant correlations
between scores on the video procedure and scores for time-based prespectiv
memory [r (80) = 0.33, p = 0.003,+ 0.11], event-based prospective memory [r (80)

= 0.21, p = 0.03,%r= 0.050ne-tailed and overall prospective memory score [r (80)

= 0.33, p = 0.003/= 0.11].

2.4.3 Summary of findings and conclusions

The aim of the present study was to gather evidence of convergitityvad the

video procedure with existing measures of prospective memory. Specifitaly
present study examined the relationship between scores on the video precedure
scores obtained on the Cambridge Prospective Memory Test (Watsah 2005).

The findings indicated a moderate correlation between scores on the video mocedur
and total prospective memory scores and a small correlation withs Soorevent-
based prospective memory suggesting that the two tasks measereshrtte
underlying construct. The findings also indicated a moderate correlaioreen
scores on the video procedure and scores for time-based prospective memory which
was somewhat surprising given that the video procedure comprises esedtéaval

not time-based retrieval cues.
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2.5 Overall summary of findings and conclusions

The aim of the present series of studies was to evaluate the psycbqroperties
of a video procedure for assessing prospective memory. Specificallytuthess
documented examined the reliability of the video procedure in terms oitérnal
consistency and examined the factorial structure of the measure adfidttifbeition

of scores attained on the task. These studies also gathered ewd#red¢orm of

convergent validity against existing measures of prospective memagcertain

that the construct measured by the tool was indeed prospective memory.

In relation to these objectives, the findings of the present serstadés suggested
that the prospective memory video procedure is a reliable measureheiittems
comprising the procedure showing an acceptable degree of internal comsistenc
Furthermore, the items loaded onto a single factor, and correlations vstimgex
measures of prospective memory provided evidence, albeit weak evideatctet
construct measured by the task was indeed prospective memory. mAllafgpeared

to contribute to the utility of the task in discriminating betweenviddals with

good prospective memory and those with poor prospective memory. Furthermore,
examination of item difficulty and the distribution of scores suggesi&idthe task
was sufficiently complex to prevent ceiling effects among non-clirpoglulations

with mild prospective memory deficits whilst at the same @avading floor effects

due to the task being too difficult.
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Chapter 3

Does cannabis use affect prospective memory processes?

3.1 Rationale

As described in chapter one few studies have investigated the effeatsnabis use

on prospective memory performance and at the time of planning the cuueynt st
only one of these studies had been published. In this published study Retdaiers
(2001) utilised an otine version of the Prospective Memory Questionnaire (Hannon
et al, 1995) to gauge self-reported prospective memory failures and concluded that
cannabis use was associated with increased reports of failures iteshrohabitual

and internally cued, but not long-term episodic, aspects of prospective meA®ry
indicated in chapter one, however, this study was not without methodological
limitations. Specifically, the question mark over the validity of adheline version

of the Prospective Memory Questionnaire, the utilisation of a self-regasume of
prospective memory performance which may be prone to inaccuracies, andea failu
to control for the potential effects of anxiety, depression and use of other recreational
drugs, particularly use of alcohol and tobacco. In the light of thesatiioms, the
present study had three aims. The first was to examine self-report@eqines
memory failures associated with cannabis use in a replication oftudg by
Rodgerset al utilising the traditional pencil and paper version of the Prospective
Memory Questionnaire (Hannae al, 1995) in order to overcome the limitations of
the on-line version in relation to its psychometric characteristidse second aim
was to extend the findings of Rodgessal by incorporating the video procedure
evaluated in chapter two as an objective measure of prospectiverynencompare

users and non-users in order to overcome the limitations of self-reportednasse
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of memory failures. The final aim was to extend the findings of Rodgeai$ by
controlling for anxiety, depression and use of other recreational drugs in addition to
the use of strategies to assist remembering. In the light cletheeported deficits
noted by Rodgerst al (2001) it was predicted that cannabis users would report
more prospective memory failures than non-users. Since previous resaarch h
shown objectively measured deficits in memory and executive functiaairabis
users (Battistet al, 2010; Bollaet al, 2002; Croftet al, 2001; Grantet al, 2003;
McHale and Hunt, 2008; Medineat al, 2007; Messinigt al, 2006; Nestoet al,
2008; Rodgers, 2000; Solowij and Battisti, 2008; Solowij and Pesa, 2010; Selowij
al., 2002) it was also predicted that these self-reported deficits wouldateans!
objectively observed deficits and that cannabis users would regraficantly fewer

intentions than non-users on the prospective memory video procedure.

3.2 Methodology

3.2.1 Design

The study employed a quasi-experimental independent measures design utilising pre-
existing groups of cannabis users who had declared use of cannabis hathin t
previous year and non-users who had never smoked cannabis. The dependent
measures were the number of location-action combinations correctifgdedaring

the prospective memory video procedure and the number of prospective memory
failures reported on each of the Prospective Memory Questionnaire (Hahaon

1995) subscales. The number of strategies used to assist rememberingf leve

anxiety and depression, and use of alcohol, tobacco and any other recreational drugs
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in addition to cannabis use were also measured and controlled for duringsaoialys

the data. The presentation of the measures was held constant across all participants

3.2.2 Participants

An opportunity sample of 143 undergraduates between the ages of 18 and 24 years
studying at universities in the northeast of England participatedta from 23
participants who reported the use of illicit recreational drugs in additidretouse

of cannabis and 9 participants whose use of additional illicit recrehtomngs was
unknown were excluded. Data from a further 6 participants who reported use of
cannabis within 24 hours prior to testing, 3 participants who had used saonib

once and 12 participants who no longer smoked cannabis and had not smoked for
more than one year were also excluded. The remaining sample of 90 paticipa
comprised 45 cannabis users who had used cannabis within the previousOyear (2
males and 25 females with a median age of 19 years) and 45 non-users (17 males and
28 females also with a median age of 19 years). There was no sighditference

in the proportion of males and females within the cannabis users andanofiy”

(1) = 0.41, p = 0.52]. Based upon the 62.22% of cannabis users who disclosed
information relating to their cannabis use, the cannabis users smokedianraf 2

joints per week (range: 1 joint every 6 months to 20 joints per week), hdd use
cannabis for a median of 3 years (range: 6 months to 6 years) and had abstained from

use for a median of 10.50 days (range: 24 hours to 7 months).

3.2.3 Measures
The prospective memory video procedure described in chapter two was airtploye

objectively gauge prospective memory performance. Cronbach’s alpha confirmed
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that the reliability of the video procedure was acceptable in the present study (o =

0.68).

The Prospective Memory Questionnaire (Haneoral, 1995) described in chapter
two was employed to gauge the number of prospective memory failures kxrgs
term episodic, short-term habitual and internally cued aspects of phigspect
memory. An additional subscale, the techniques to assist remembeaileg was
utilised to gauge the use of strategies designed to assist rermgnmbas with the
prospective memory subscales described in chapter two, the participponhded
along a nine-point Likert scale which ranged from one (never used theggjrto
nine (much use of the strategy). A mean score was calculated providtwea
between one and nine with higher scores indicating greater use ofisgdtegssist
remembering. Cronbach’s alpha confirmed that reliability was acceptable in the
present study for the longrm episodic (a. = 0.82), short-term habitual (a = 0.79)
and internally cued (a = 0.74) prospective memory scales and for the techniques to

assist remembering scale (o = 0.82).

The Hospital Anxiety and Depression Scale (Snaith and Zigmond, 1994) comprises
two subscales with seven items related to generalised anxiety and seereistad

to loss of interest and diminished pleasure aspects of depression andpi@gedm

to gauge levels of anxiety and depression experienced by cannabisncarsn-

users during the previous week. Responses to each item were scored falong a
point Likert scale ranging from zero to three such that higher scoreatediimore
severe symptoms. A total score for each subscale was calculated, thus providing two

scores between zero and twenty. Cronbach’s alpha indicated that the reliability
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of the items related to anxiety was acceptable in the present study (o = 0.81),
however, reliability of the items related to depression in the presaay was lower

than traditionally recommended (a = 0.53).

A substance use questionnaire developed for the current programme of research
(appendix D) provided details of cannabis use, including the number of joints
smoked, duration of use, and details of last use. In addition, the quasgonn
ascertained estimates of weekly consumption of alcohol (in terms obiiaiksohol

where one unit is defined as half a pint (284ml) of standard beer, onenzmsure

of spirits or one standard (125ml) glass of wine), tobacco (in terms of the nuimber o
cigarettes smoked) and any other illicit recreational drugs in adddi@annabis.
Details of duration of use and last use were also ascertained. No additional measures

of drug use were employed.

3.2.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsittee
Participants were tested in small groups of six to eight particpaert session in a
spacious room. The nature of the task was explained and partichgastprovided

with an opportunity to ask for further clarification of the task requiremenfser A
providing informed consent the participants were each allocated a udeqigier

to ensure anonymity.The procedure detailed in chapter two for the completion of
the prospective memory video procedure was adopted for the present study. On
completion of the video procedure, participants completed the Prospiieivery
Questionnaire (Hannoet al, 1995), the Hospital Anxiety and Depression Scale

(Snaith and Zigmond, 1994) and finally the substance use questionnaifeyhith
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contained instructions for their completion. Following the completion aiaaks

the participants were debriefed and thanked for their participation.

3.3 Results

3.3.1 Participant demograsi
Table 3.1 shows the median age, weekly consumption of alcohol, number of
cigarettes smoked per week, number of strategies used torasmshbering and the

median anxiety and depression scores of cannabis users and non-users.

Table 31. Median age, weekly consumption of alcohol, number of cigarettes
smoked per week, number of strategies used to assist remerribg, anxiety score
and depression score of cannabis users and non-users (rangdiackets)

Cannabis Users Non-Users

Age (years) 99 2,00
ge (y (5.00) (3.00)

. 30.00 12.00

Units of alcohol consumed (95.50) (70.00)
. 1.00 0.00

Number of cigarettes smokec (180.00) (60.00)
, 3.29 3.21

Number of strategies used (6.86) (5.08)
Anxiety score o0 oo

y (19.00) (16.00)
Depression score 200 c o0
p (10.00) (8.00)

Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted

in terms of age [W (45) = 0.77, p < 0.001 for users and W (45) = 0.77, p < 0.001 for
non-users], alcohol consumption [W (44) = 0.84, p < 0.001 for users and W (44) =
0.82, p < 0.001 for non-users] or tobacco consumption [W (37) = 0.64, p < 0.001 for

users and W (43) = 0.29, p < 0.001 for noees]. Although Levene’s tests for the

62



assumption of homogeneity of variance between cannabis users and non-users
revealed no violation of the assumption in terms of age [F (1, 88) = 0.08, p = 0.78] or
alcohol consumption [F (1, 86) = 1.77, p = 0.19], the assumption was violated in
terms of the number of cigarettes smoked per week [F (1, 78) = 10.62, p = 0.002]. In
addition, the data obtained in relation to the number of strategiestosesbist
remembering and levels of anxiety and depression were of ordinal lelvetefdre,
non-parametric Mann-Whitney U tests were performed to ascertainigmifycant
differences between cannabis users and non-users in terms of age, use of strategies to
assist remembering, level of anxiety or depression and weekly consungption
alcohol and tobacco. These tests revealed no significant differencgsebet
cannabis users and non-users in terms of age [U = 986.50, p = 0.82], number of
strategies used to assist remembering [U = 1008.50, p = 0.97], or level dy §ldxie

= 999.50, p = 0.92] or depression [U = 872.50, p = 0.25]. Cannabis users, however,
consumed significantly more alcohol (median = 30 units, range = 95.50) than non-
users (median = 12 units, range = 70.00) [U = 391.50, p < 0.001] and smoked
significantly more tobacco (median = 1 cigarette, range = 180) than non-users

(median = 0 cigarettes, range = 60) [U = 469.00, p < 0.001].

3.3.2 Self-reported prospective memory

In terms of the number of self-reported prospective memory deficits ndgilisie
Prospective Memory Questionnaire (Hannetnal, 1995), the median number of
long-term episodic, short-term habitual and internally cued prospectaraom

failures reported by cannabis users and non-users is shown in Figure 3.1.
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Figure 3.1. The median number of long-term episodic, short-term habitual
and internally cued prospective memory failures reported bycannabis users
and non-users

As the data obtained in relation to the number of long-term episodic, tehart-
habitual and internally cued prospective memory failures were of ordired) heon-
parametric Mann-Whitney U tests were performed to ascertain tsenme of any
significant differences between cannabis users and non-users in tersedf-of
reported prospective memory failures. These tests revealed no signéfifsaotof
cannabis use on the number of self-reported failures in long-term episodic [U
886.00, p = 0.31], short-term habitual [U = 816.50, p = 0.11] or internally cued [U =

849.50, p = 0.25] aspects of prospective memory.

3.3.3 Objectively measured prospective memory
In terms of objectively measured prospective memory, the mean numbeatdme
action combinations correctly recalled by cannabis users and non-users thari

prospective memory video procedure is shown in Figure 3.2.
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Figure 3.2. The mean number of location-action combinations corregtlrecalled
by cannabis users and non-users during the video procedure (ttasdard error)

Shapiro-Wilk tests for normality revealed that the data were niyrmhigtributed in

terms of the number of location-action combinations correctly recalled dimng t
prospective memory video procedure [W (45) = 0.98, p = 0.72 for users and W (45)
= 0.97, p = 0.29 for nonsers]. Furthermore, Levene’s test for the assumption of
homogeneity of variance between users and non-users indicated thasutigtaen

was not violated [F (1, 88) = 0.67, p = 0.41] and the data obtained were of ratio level.
Bonferroni corrected Spearman’s rho tests of correlation indicated no significant
relationships between prospective memory video procedure scores and age=[r (90)
0.09, p = 1.00], number of strategies used to assist remembering [r (90) = 0.18, p =
0.58], level of anxiety [r (90) = 0.09, p = 1.00] or depression [r (90) = -0.24, p =
0.16], number of units of alcohol consumed [r (88) = -0.15, p = 0.98], or number of
cigarettes smoked [r (80) = -0.09, p = 1.00]. There was therefore no jtistifitar

the inclusion of any of these factors as covariates. Analysis of variance performed to

ascertain the presence of any significant differences between cannabis users and non-
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users in terms of the number of location-action combinations correctly eecall
during the prospective memory video procedure revealed a significant effect
cannabis use on prospective memory with cannabis users correctly ngecalli
significantly fewer location-action combinations (mean = 8.80, standard ideviat

3.09) than non-users (mean = 10.78, standard deviation = 2.80) [F (1, 88) = 10.10, p

=0.002, n,” = 0.10].

3.4 Summary of findings and conclusions

The present study had three aims. The first of these was torexaeli-reported
prospective memory failures associated with cannabis use in aatepli of the

study by Rodgerst al (2001) utilising the traditional pencil and paper version of the
Prospective Memory Questionnaire (Hanreiral, 1995) in order to overcome the
limitations of the on-line version in relation to its psychometricattaristics. The
second aim was to extend the findings of Rodgsrsal by incorporating the
prospective memory video procedure as an objective measure of prospective
memory to compare users and non-users in order to overcome the limitatietis of s
reported assessment of memory failures. The final aim was to extenddingdiof
Rodgerset al by controlling for anxiety, depression and use of other recreational
drugs in addition to use of strategies to assist remembering. tiomdlathese aims

the results obtained revealed no significant differences in the number of self-reported
prospective memory failures across long-term episodic, short-term habitual
internally cued aspects of prospective memory. Cannabis users, hovegkerthe
recalled significantly fewer location-action combinations than norsusdering the
objectively measured prospective memory video procedure. Furthermore, there were

no significant relationships in the present study between prospeativery video
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procedure scores and age, number of strategies used to assist remerdvetiog
anxiety and depression, number of units of alcohol consumed or number of cigarettes

smoked.

The findings of the present study suggested that cannabis use has a detrimental effect
on prospective memory in young adults though cannabis users appear to be unaware
of any impairment. This study was the first to employ an objectigasore of
prospective memory performance and was also the first study to report nacaignifi
difference in self-reported deficits associated with cannabis use. e Timengs

therefore need to be confirmed in a second, independent cohort.
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Chapter 4

Doesprospective memory recover on cessation of cannabis use?

4.1 Rationale

The findings of the study documented in chapter three (Bartholomew, Holroyd and
Heffernan, 2010) suggested that cannabis use has a detrimental effect upon
prospective memory performance in young adults. It is important, however, to
distinguish whether the deficits observed are simply a consequence osithelre
effects of acute intoxication or are more prolonged, persisting even théer

elimination of the drug and its metabolites from the body.

Previous research has suggested that cognitive deficits assouidte@dnnabis use

may recover following abstinence. For example, Pope, Gruber, Hudson, Huestis and
Yurgelun-Todd (2001, 2002) noted that cognitive deficits observed in current heavy
cannabis users following 7 days abstinence were not evident at 2&lusysence.
Furthermore, Popet al (2001) found that former users did not differ from controls
across any of the cognitive domains tested. McHale and Hunt (2008)cté] that
deficits in verbal fluency were more pronounced in recent users than in abstine
users who had not used within the seven days preceding the study. Unfortasatel
these abstinent users had used within the four weeks preceding thet studgt
possible to ascertain whether these deficits would have methavith a prolonged
period of abstinence. Other studies, however, have reported evidence d$ defici
persisting beyond 28 days of abstinence (Bellal, 2002; Medinat al, 2007). To

date, no studies have explored this phenomenon in relation to prospectiveymemor

processes. The first aim of the present study, therefore, was to elxéestudy
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reported in chapter three (Bartholometval, 2010) to include previous users in
order to ascertain whether the prospective memory deficits observed imtcurre

cannabis users recover upon cessation of cannabis use.

In addition, the prospective memory deficits observed by Bartholoeted (2010)
were noted with an objective but not with a self-report measure of progpecti
memory suggesting that perhaps cannabis users were not aware of atsy defic
study was the first study to employ an objective measure of progpentimory and
was also the first study to report no significant difference in sptirted deficis
associated with cannabis use. These findings therefore need to be ednfirian

second, independent cohort and this was the second aim of the present study.

In light of the findings reported in chapter three (Bartholone¢wal, 2010) it was
predicted that current cannabis users would correctly recall fewatidoeaction
combinations during the prospective memory video procedure than non-users. In
addition, as previous research has suggested that cognitive defiottgatesk with
cannabis use recover following abstinence (McHale and Hunt, 2008; e?agle
2001, 2002) and that former users do not differ from controls (Bopé 2001) it
was predicted that previous cannabis users would not differ from non-usensign

of the number of location-action combinations recalled during the prospectiv
memory video procedure. As the elimination of &°-tetrahydrocannabinol and its
metabolites occurs gradually as the 5°-tetrahydrocannabinol stored in adipose tissues
leaks back into the bloodstream (Ashton, 2001; Iversen, 2008; Petriatt 2004),

it was further predicted that if prospective memory recovers followasgation of

use there would be a direct correlation between length of abstinendeeamahtber
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of location-action combinations correctly recalled during the prospectamory
video procedure and an inverse correlation between length of abstinence and the

number of deficits reported.

4.2 Methodology

4.2.1 Design

The study employed a quasi-experimental independent measures design utilising pre-
existing groups of current cannabis users who had declared use of cannabis within
the previous year, previous cannabis users who had not used cannabis for at least one
year, and non-users who had never smoked cannabis. The dependent measures were
the number of location-action combinations correctly recalled during thpquribge

memory video procedure, the number of prospective memory failures reported on
each of the Prospective Memory Questionnaire (Haretal, 1995) subscales and

the number of prospective memory failures reported on the prospective memory
subscale of the Prospective and Retrospective Memory Questionnaire (Crawford

al., 2003). The number of strategies used to assist remembering, level of anxiety and
depression, and use of alcohol, tobacco and any other recreational drugs am additi

to cannabis use were also measured and controlled for during analysisdatahe

The presentation of the measures was held constant across all participants.

4.2.2 Participants
An opportunity sample of 207 undergraduates between the ages of 18 and 24 years
studying at universities in the northeast of England participatedta Bom 51

participants who reported the use of illicit recreational drugs in additidretouse
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of cannabis and 6 participants whose use of additional illicit recrebtiongs was
unknown were excluded. Data from a further participant who reported use of
cannabis within 24 hours prior to testing and 20 participants whose &svass
unknown were also excluded. The remaining sample of 129 participants comprised
43 current cannabis users who had used cannabis within the previous yealefl8 ma
and 25 females with a median age of 19 years), 43 previous cannabis users who had
not used cannabis for at least one year (18 males and 25 females weitiaa age

of 19 years) and 43 non-users (18 males and 25 females with a mediahl®ge
years). Based upon the 55.81% of current cannabis users who disclosed informatio
relating to their cannabis use, the current users smoked a median of 0.2pgoint
week (range: 1 joint every 6 months to 8 joints per week), had used caforabis
median of 2 years (range: 1 year to 7 years) and had abstained from useébara m

of one month (range: 24 hours to 7 months). Based upon the 30.23% of previous
users who disclosed information relating to their cannabis use, the pregenss u
smoked a median of 0.23 joints per week (range: 1 joint per year to 20 p&n
week), had used cannabis for a median of one year (range: 1 week to 3apears)

had abstained from use for a median of 2 years (range: 1 year to 5 years).

4.2.3 Measures
The prospective memory video procedure described in chapter two was ahiploye
objectively gauge prospective memory performance. Cronbach’s alpha confirmed

that the reliability of the video procedure was acceptable in the present study (o =

0.64).
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The Prospective Memory Questionnaire (Haneoral, 1995) described in chapter
two was employed to gauge the number of prospective memory failures kxrgs
term episodic, short-term habitual and internally cued aspects of progpectiv
memory. The techniques to assist remembering scale describeapterdree was
also utilised to gauge the use of strategies designed to assistmbering.
Cronbach’s alpha confirmed that reliability was acceptable in the present study for
the longterm episodic (o = 0.83), short-term habitual (oo = 0.71) and internally cued

(o = 0.82) prospective memory scales and for the techniques to assist remembering

scale (a = 0.75).

The Prospective and Retrospective Memory Questionnaire (Crawfaat, 2003)
described in chapter two was also employed to gauge the number pégines
memory failures across long-term, short-term, self-cued and environmenitally
aspects of prospectiv@emory. Cronbach’s alpha confirmed that reliability was
acceptable in the present study for the lesrgr prospective memory (o = 0.69),
shortterm prospective memory (a. = 0.78), self-cued prospective memory (a = 0.69)

and environmentally cued prospeetiiemory (o = 0.69) subscales.

The Hospital Anxiety and Depression Scale (Snaith and Zigmond, 1994) described
in chapter three was employed to gauge levels of anxiety and depregsesienced

by cannabis users and non-users during the previous weebknbaClit’s alpha
indicated acceptable reliability in the present study for the items related to anxiety (a

=0.79) and the items related to depression (o= 0.61).
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The substance use questionnaire described in chapter three provided afetails
cannabis use and ascertained estimates of weekly consumption of ,alobaoto
and any other illicit recreational drugs in addition to cannabis. Bethduration of
use and last use were also ascertained. No additional measures of dwgreise

employed.

4.2.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsitteen
Participants were tested in small groups of six to eight particigzert session in a
spacious room. The nature of the task was explained and partichmstprovided
with an opportunity to ask for further clarification of the task requiremeAf$er
providing informed consent the participants were each allocated a udequéier

to ensure anonymity.The procedure detailed in chapter two for the completion of
the prospective memory video procedure was adopted for the present study. On
completion of the video procedure, participants completed the Prospiieivery
Questionnaire (Hannoet al, 1995), the Prospective and Retrospective Memory
Questionnaire (Crawfordt al, 2003), the Hospital Anxiety and Depression Scale
(Snaith and Zigmond, 1994) and finally the substance use questionnaireyhitiof
contained instructions for their completion. Following the completion aiaaks

the participants were debriefed and thanked for their participation.
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4.3 Results

4.3.1 Participant demographics

Table 4.1 shows the median age, weekly consumption of alcohol, number of
cigarettes smoked per week, number of strategies used torassshbering and the
median anxiety and depression scores of current cannabis users, previous cannabis

users and non-users.

Table 41. Median age, weekly consumption of alcohol, number of cigarettes siked per week,
number of strategies used to assist remembering, and scoffes anxiety and depression in
current cannabis users, previous cannabis users and non-usé¢range in brackets).

Current users Previous user: Non-users

Age (years) 19.00 19.00 19.00
M (4.00) (5.00) (5.00)
Units of alcohol consumed 22.00 16.00 10.00
(98.00) (54.00) (55.00)
: 0.50 0.00 0.00
Number of cigarettes smoked (100.00) (120.00) (140.00)
; 3.00 2.71 3.14
Number of strategies used (4.27) (4.71) (4.86)
Anxiety score 8.00 6.00 6.00
y (17.00) (13.00)  (15.00)
Depression score 3.00 3.00 2.00
P (8.00) (10.00) (9.00)

Although Shapiro-Wilk tests for normality revealed that the datee wermally
distributed in terms of alcohol consumption among previous users [W (41) = 0.95, p
= 0.07], the data were not normally distributed among current users [W (43) = 0.84,
p < 0.001] or non-users [W (41) = 0.87, p < 0.001]. Shapiro-Wilk tests further
revealed that the data were not normally distributed in terms of age [W (43) = 0.85, p

< 0.001 for current users, W (43) = 0.67, p < 0.001 for previous users and W (43) =
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0.74, p < 0.001 for non-users] or tobacco consumption [W (41) = 0.59, p < 0.001 for
current users, W (41) = 0.66, p < 0.001 for previous users and W (42) = 0.24, p <
0.001 for nonasers]. Although Levene’s tests for the assumption of homogeneity of
variance between cannabis users, previous users and non-users reveal&tion vi

of the assumption in terms of age [F (2, 126) = 0.04, p = 0.96] or alcohol
consumption [F (2, 122) = 2.59, p = 0.08], the assumption was violated in terms of
the number of cigarettes smoked per week [F (2, 121) = 9.16, p < 0.001]. In
addition, the data obtained in relation to the number of strategiestousasbist
remembering and levels of anxiety and depression were of ordinal lelvetefdre,
non-parametric Kruskal-Wallis tests were performed to ascertainsignyficant
differences between current users, previous users and non-users in termauséage
of strategies to assist remembering, level of anxiety or depressionegkly
consumption of alcohol and tobacco. These tests revealed no signifitarendies
between current users, previous users and non-users in terms of age[HA2) p

= 0.43], number of strategies used to assist remembering [H (2) = 0.19, p = 0.91], or
level of anxiety [H (2) = 4.52, p = 0.10] or depression [H (2) = 1.04, p = 0.59].
There were, however, significant differences in the number of units of ahlcoh
consumed [H (2) = 12.84, p = 0.002] and the number of cigarettes smoked [H (2) =
12.86, p = 0.002]. Bonferroni corrected Mann-Whitney U tests revealed that non-
users consumed significantly fewer units of alcohol (median = 10 units, rafige =
than both previous users (median = 16 units, range = 54) [U = 517.50, p = 0.01] and
current users (median = 22 units, range = 98) [U = 526.50, p = 0.003] with no
significant difference between current users and previous users [U = 841.00, p =
1.00]. These tests also revealed that non-users smoked significamtycigarettes

per week (median = 0, range = 140) than both previous users (median = 0, range =
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120) [U = 591.50, p = 0.01] and current users (median = 0.50, range = 100) [U =
547.50, p = 0.003] with no significant difference between current users and previous

users [U = 824.00, p = 1.00].

4.3.2 Self-reported prospective memory

In terms of the number of self-reported prospective memory deficits ngilisie
Prospective Memory Questionnaire (Hanneinal, 1995) the median number of
long-term episodic, short-term habitual and internally cued prospecteraomy
failures reported by current cannabis users, previous cannabis users and n@-users

shown in Figure 4.1.
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Figure 4.1. The median number of long-term episodic, short-term habitual and
internally cued prospective memory failures reported by curret cannabis users,
previous cannabis users and non-users.

As the data obtained in relation to the number of long-term episodic, tehart-
habitual and internally cued prospective memory failures were of ordired) ten-

parametric Kruskal-Wallis tests were performed to ascertain thenmesf any
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significant differences between current users, previous users and NONAUBENS

of self-reported prospective memory failures when utilising the Prospédéueory
Questionnaire (Hannoat al, 1995). These tests revealed no significant effect of
cannabis use on internally cued prospective memory [H (2) = 0.89, p = 0.64]. There
was, however a significant effect of cannabis use on long-term episodi) [H

9.40, p = 0.009E? = 0.07] and short-term habitual [H (2) = 13.48, p = 0.015

0.09] aspects of prospective memory. Bonferroni corrected Mann-Whitney U tests
indicated that current users reported more long-term episodic failueiafm=

3.00, range = 5.42) than non-users (median = 2.17, range = 5.63) [U = 589.00, p =
0.012] with no significant differences between current users and previous users
(median = 2.73, range = 4.05) [U = 759.50, p = 0.46] or between previous users and
non-users [U = 702.50, p = 0.17]. These tests also indicated that current sannabi
users reported more short-term habitual failures (median = 1.85, range = 4r81) tha
both previous users (median = 1.40, range = 3.07) [U = 597.00, p = 0.015] and non-
users (median = 1.31, range = 2.00) [U = 533.00, p = 0.003] with no significant

difference between previous users and non-users [U = 827.50, p = 1.00].

In terms of the number of self-reported prospective memory deficits ndilikie
Prospective and Retrospective Memory Questionnaire (Cravegoal, 2003) the
median number of long-term, short-term, self-cued and environmentally cued
prospective memory failures reported by current cannabis users, previous cannabis

users and non-users is shown in Figure 4.2.
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Figure 4.2. The median number of long-term, short-term, self cued and
environmentally cued prospective memory failures reported by cumnt cannabis
users, previous cannabis users and non-users.

As the data obtained in relation to the number of long-term, short-term, self-cued and
environmentally cued prospective memory failures were of ordinal levek non
parametric Kruskal-Wallis tests were performed to ascertain thenmesof any
significant differences between current users, previous users and NONAUBENS

of self-reported prospective memory failures when utilising the Prospeatigte
Retrospective Memory Questionnaire (Crawfetdal, 2003). These tests revealed

no significant effect of cannabis use on the number of long-term [H (2) = 3.46, p =
0.18], short-term [H (2) = 5.39, p = 0.07], self-cued [H (2) = 4.01, p = 0.14], or

environmentally cued [H (2) = 5.07, p = 0.08] aspects of prospective memory.

4.3.3 Objectively measured prospective memory
In terms of objectively measured prospective memory, the mean number of

intentions in the form of location-action combinations correctly recaljedulbrent
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users, previous users and non-users during the prospective memory video procedure

is shown in Figure 4.3.
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Figure 4.3. The mean number of location-action combinations corregtlrecalled
by current cannabis users, previous cannabis users and non-useluring the video
procedure (+ 1 standard error).

Shapiro-Wilk tests for normality revealed that the data were niyrmhigtributed in

terms of the number of location-action combinations correctly recalled dimeng t
prospective memory video procedure [W (43) = 0.96, p = 0.16 for current users, W
(43) = 0.96, p = 0.19 for previous users and W (43) = 0.96, p = 0.14 for non-users].
Furthermore, Levene’s test for the assumption of homogeneity of variance between

current users, previous users and non-users indicated that the assumptioot wa
violated [F (2, 126) = 1.91, p = 0.15] and the data obtained were of ratio level.
Bonferroni corrected Spearman’s rho tests of correlation indicated no significant
relationships between prospective memory video procedure scores and age [r (129) =
-0.06, p = 1.00], number of strategies used to assist remembering [r (129) = 0.01, p =

1.00, level of anxiety [r (128) = 0.03, p = 1.00] or depression [r (128) = -0.05, p =
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1.00], number of units of alcohol consumed [r (125) = -0.04, p = 1.00], or number of
cigarettes smoked [r (124) = -0.10, p = 1.00]. Although there was no justification for
retaining these factors, their inclusion did not adversely affect thevelblspower

and therefore, to remain conservative, these factors were retaineavasates.
Analysis of covariance performed to ascertain the presence of amificsigf
differences between current users, previous users and non-users in terms of the
number of location-action combinations correctly recalled during the prospect
memory video procedure, after statistically controlling for age, stratégi@ssist
remembering, anxiety, depression, units of alcohol consumed and number of
cigarettes smoked, revealed a significant effect of cannabis use on cpraspe
memory [F (2, 110) = 7.14, p = 0.001, n,” = 0.12]. Bonferroni corrected pairwise
comparisons indicated that current users correctly recalled fewerolo@atiion
combinations (mean = 9.63, standard deviation = 3.19) than both previous users
(mean = 11.56, standard deviation = 2.50) (p = 0.006) and non-users (mean = 11.67,
standard deviation = 2.76) (p = 0.002) with no significant difference between

previous users and non-users (p = 1.00).

4.3.4 Relationship between prospective memory andth of abstinence

Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted

in terms of the length of abstinence from cannabis use [W (86) = 0.80, p < 0.001].
Spearman’s rho tests of correlation were therefore conducted to ascertain any

relationships between prospective memory and length of abstinence.

In terms of self-reported prospective memory utilising the Prospectiemdwy

Questionnaire (Hannoat al, 1995) Spearman’s rho tests of correlation revealed
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significant relationships between length of abstinence and reports ctgefilong-
term episodic [r (86) = -0.21, p = 0.0%3=r 0.04one-tailed and short-term habitual [r
(86) = -0.22, p = 0.022= 0.050ne-tailed aspects of prospective memory such that
reports of problems decreased as length of abstinence increased. &aken® w
relationship between length of abstinence and internally cued aspects otpvespe
memory [r (86) = -0.14, p = 0.20]. In terms of self-reported prospective memory
utilising the Prospective and Retrospective Memory Questionnaire (Craetfeug
2003) Spearman’s rho tests of correlation revealed significant relationships between
length of abstinence and reports of deficits in long-term [r (86) = -0.19, p =004 r
0.040ne-tailed, short-term [r (86) = -0.25, p = 0.0%,* 0.060ne-tailed, self-cued

[r (86) = -0.26, p = 0.012r= 0.070ne-tailed and environmentally cued [r (86) = -
0.20, p = 0.03,%= 0.040ne-tailed aspects of prospective memory such that reports

of problems decreased as length of abstinence increased.

In terms of objectively measured prospective memory utilising the prbspec
memory video procedure the Spearman’s rho test of correlation indicated a small but
significant direct correlation such that increased length of abstives@ssociated

with better prospective memory [r (86) = 0.26, p = 0.8% 0.070ne-tailed.

4.4 Summary of findings and conclusions

The present study had two aims. The first of these was to extevidys findings
to include previous users in order to ascertain whether the prospectimeryne
deficits observed in cannabis users recover upon cessation of cannabi$hgse
second aim was to confirm the findings reported in chapter three (Rartwiet

al., 2010) in a second, independent cohort.
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In relation to these aims, the present findings confirmed the intemsysof self-
report measures in assessing prospective memory failures with two differen
measures, the Prospective Memory Questionnaire (Haehal, 1995) and the
Prospective and Retrospective Memory Questionnaire (Crawdordl, 2003),
providing conflicting evidence. In particular, cannabis users reported sagrilfic

more failures than non-users in long-term episodic prospective memory and
significantly more failures than both previous users and non-users in short-te
habitual prospective memory when utilising the Prospective Memory iQuiesire
(Hannonet al, 1995) but there were no significant differences between current
users, previous users and non-users in long-termst-@imn, self-cued or
environmentally cued aspects of prospective memory when utilisingdspdetive

and Retrospective Memory Questionnaire (Crawfardl, 2003). Current cannabis
users, however, correctly recalled significantly fewer intentions infoha of
location-action combinations than both previous users and non-users during the
objectively measured prospective memory video procedure. Furthermore, previous
users who had not used for at least one year did not differ from non-userssroterm
the number of location-action combinations correctly recalled duringrtspective

memory video procedure.

The findings of the present study confirmed the findings noted by Barthol@new
al. (2010) in chapter three that cannabis use has a detrimental effect on prespecti
memory in young adults and further suggested that these deficits recdoerngl

cessation of cannabis use.
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Chapter 5

Relationship of prospective memory deficits to dose and age of onset

5.1 Rationale

Previous studies described within the current programme of research suiggaste
cannabis use has a detrimental effect on prospective memory performasceng
adults. These studies independently, however, were unable to evahedhemthe
deficits observed were related to dose and duration of use due to a highiqnogfort
cannabis users who preferred not to disclose information relating to their cannabi
use and because the majority of users were relatively low-dosge wih short
duration of use. Previous evidence that the neurocognitive effectoblzis use

are dose-related is somewhat equivocal. For example, some stugiesuggested
that cognitive deficits are related to the number of joints smokedgek (Bollaet

al., 2002), duration of cannabis use (Solostipl, 2002), frequency of use (Rodgers

et al, 2001) and to cumulative lifetime use (Montgomery and Fisk, 2007). Other
studies, however, have found no such relationships (Popk 2001, 2002). In the
light of these contradictory findings, the first aim of the presenés of studies was

to examine whether the prospective memory deficits observed in cannabis users were
related to the number of joints smoked per week, to the duration oftamsa and

to the estimated lifetime consumption of cannabis.

In addition, first initiation to cannabis use among young adults typicalyrs as
young as 15 years (Hoare and Moon, 2010). This may be important because brain
development occurs during adolescence and early adulthood and it is pdegible t

those individuals who commence cannabis use during this critical peagdbe
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more vulnerable to the deleterious neurocognitive effects of cannabis. dIndee
research has supported this notion noting that early-onset of cannabis us
associated with cognitive deficits (Battigtt al, 2010; Ehrenreich, Rinn, Kunert,
Moeller, Poser, Schilling, Gigerenzer and Hoehe, 1999; Pope, Gruber, Hudson,
Cohane, Huestis and Yurgelun-Todd, 2003). Furthermore, commencement of
cannabis use before the age of 17 years while brain maturation is onigoing
associated with reductions in cortical gray matter volume anegases in white
matter volume (Wilsoret al, 2000). No research has investigated this phenomenon
in relation to prospective memory processes. As previous research dgwisat
early-onset as commencement of use before the age of 17 years amusédtas
commencement of use after the age of 17 years (Ehrereeadh 1999; Popet al,

2003; Wilsonet al, 2000), the second aim of the present studies was to examine
whether prospective memory performance in early-onset users who condnusece
before the age of 17 years differed from that of late-onset users who commsaced u

after the age of 17 years.

5.2 Study 1: Relationship of deficits to dose and duration of cannabiseais

The aim of the present study was to examine whether the prospectmeryne
deficits observed in cannabis users were related to the number ofsjoioked per
week, duration of cannabis use and to estimated lifetime consumption obisanna
In the light of equivocal evidence that the neurocognitive effectsrofaias use are
dose-related (Bollat al, 2002; Montgomery and Fisk, 2007; Popeal, 2001,
2002; Rodgerst al, 2001; Solowigt al, 2002) no predictions were made regarding
the direction of any relationships between the various metrics of canrsbisnd

prospective memory performance.
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5.2.1 Methodology

5.2.1.1 Design

The study employed a correlation design utilising pre-existing casmnesgrs who

had declared use of cannabis within the previous year. The measugshee
number of location-action combinations correctly recalled during the prospecti
memory video procedure, the number of cannabis joints smoked per week, the
duration of cannabis use and an estimate of cumulative lifetime camsabid evel

of anxiety and depression, and use of alcohol, tobacco and any other recreational
drugs in addition to cannabis use were also measured and controlled for during
analysis of the data. The presentation of the measures was hekhtacsoss all

participants.

5.2.1.2 Participants

An opportunity sample of 52 undergraduates between the ages of 18 and 24 years
studying at universities in the northeast of England participatedta Bom 20
participants who reported the use of illicit recreational drugs in additidretouse

of cannabis and one participant whose use of additional illicit remmehtdrugs was
unknown were excluded. Data from a further 7 participants who preferred not t
disclose the number of joints smoked, one participant who did not ddhkare
duration of their cannabis use and 3 participants who did not declaréagteise of
cannabis were also excluded. The remaining sample of 20 participasts
supplemented by 26 participants who completed the study described in chapter thre
24 participants who completed the study described in chapter four, 24 parsicipant

who completed the study described in chapter six and 23 participantomipteted
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the study described in chapter seven. The final sample of 117 participants comprised
51 males with a median age of 19 years and 66 females with anmagk of 19

years. Participants smoked a median of 0.58 joints per week (range: évint
months to 20 joints per week), had used cannabis for a median of 2 years (range: 2
months to 7 years) with a median estimated lifetime use (numbemts$ pmoked

per year multiplied by the number of years of use) of 52 joints (range: 2 foints
3120 joints) and had abstained from use for a median of 21 days (range: 24 hours to

8 months).

5.2.1.3 Measures
The prospective memory video procedure described in chapter two was aiploye
objectively gauge prospective memory performance. Cronbach’s alpha confirmed

that the reliabilityof the video procedure was acceptable in the present study (o =

0.70).

The Hospital Anxiety and Depression Scale (Snaith and Zigmond, 1994) described
in chapter three was employed to gauge levels of anxiety and depregsesienced
during the previousveek. Cronbach’s alpha indicated that the reliability of the items

related to anxiety was acceptable in the present study (a = 0.85), however, reliability

of the items related to depression in the present study was lowetralciionally

recommended (o = 0.51).

The substance use questionnaire described in chapter three provided afetails
cannabis use and ascertained estimates of weekly consumption of acbhoto

and any other illicit recreational drugs in addition to cannabis. Bethduration of
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use and last use were also ascertained. No additional measures of dweyaise

employed.

5.2.1.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsitteen
Participants were tested in small groups of six to eight pamitsgaer session in a
spacious room. The nature of the task was explained and partichgastprovided

with an opportunity to ask for further clarification of the task requiremeAfser
providing informed consent the participants were each allocated a udenidier

to ensure anonymity.The procedure detailed in chapter two for the completion of
the prospective memory video procedure was adopted for the present study. On
completion of the video procedure participants completed the Hospitaétramd
Depression Scale (Snaith and Zigmond, 1994) and the substance use questionnaire,
both of which contained instructions for their completion. Following the coioplet

of all tasks the participants were debriefed and thanked for their participation.

5.2.2 Results

Kolmogorov-Smirnov tests for normality revealed that the data wetenormally
distributed in terms of age [D (117) = 0.26, p < 0.001], alcohol consumption [D
(115) = 0.18, p < 0.001] or tobacco consumption [D (106) = 0.29, p < 0.001].
addition, the data obtained in relation to levels of anxiety and demmessire of
ordinal level. Therefore, Spearman’s rho tests of correlation were performed to
examine any relationship between these factors and performance in thecfivespe
memory video procedure. These tests revealed no significant relatioesivgeb

performance in the prospective memory video procedure and age [r (117) = -0.08, p
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= 0.38], level of anxiety [r (117) = 0.03, p = 0.75] or depression [r (117) = -0.14, p =
0.13], alcohol consumption [r (115) = -0.12, p = 0.21] or tobacco consumption [r
(106) = -0.04, p = 0.66]. Therefore, there was no need to statistically control for

these factors in subsequent analyses.

Kolmogorov-Smirnov tests for normality revealed that the data wetenormally
distributed in terms of the number of joints smoked per week [D (117) = 0.28, p <
0.001], duration of cannabis use [D (117) = 0.22, p < 0.001] or estimated lifetime
consumption of cannabis [D (117) = 0.32, p < 0.001]. Spearman’s rho tests of
correlation were therefore performed to ascertain whether scores on the prespect
memory video procedure were related to the dose and/or duration of camsebis
These tests revealed no significant relationship between performandke i
prospective memory video procedure and number of cannabis joints smoked per
week [r (117) = 0.04, p = 0.69], duration of cannabis use [r (117) = -0.12, p = 0.19]

or estimated lifetime use of cannabis [r (117) = 0.001, p = 0.99].

5.2.3 Summary of findings and conclusions

The aim of the present study was to explore whether the prospective memory deficits
observed in cannabis users were related to the number of joints sneokeegk,
duration of cannabis use and to estimated lifetime consumption of cannabis. In
relation to this aim, the findings presented found no evidence that the prospectiv

memory deficits were related to the dose or the duration of cannabis use.

The present findings did not support earlier research which suggested fititd de

were related to the number of joints smoked per week (Boli, 2002), duration
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of cannabis use (Solowgt al, 2002) and to cumulative lifetime use (Montgomery
and Fisk, 2007). It should be noted, however, that the participants in gentpre
study had much lower levels of cannabis use than participants inetrtise studies

and this may explain the lack of a relationship between scores on the prxespec

memory video procedure and cannabis dose and duration of use in the present study.

5.3 Study 2: The effect of age of onset of use on prospective memory

The aim of the present study was to examine whether prospective memory
performance in early-onset cannabis users who commenced use beforedhé7age
years differed from that of late-onset users who commenced use afteetbé 189
years. Since previous research (Batgstal, 2010; Ehrenreickt al, 1999; Popet

al., 2003) has shown early-onset of cannabis use to be associated withveogniti
deficits it was predicted that these deficits would extend to progpeugmory and

that early-onset users would correctly recall fewer location-actombinations than

late-onset users during the prospective memory video procedure.

5.3.1 Methodology

5.3.1.1 Design

The study employed a quasi-experimental independent measures design utilising pre-
existing cannabis users who commenced cannabis use before the age of Angea
cannabis users who commenced cannabis use after the age of 17 years. The
dependent measure was the number of location-action combinations correctly
recalled during the prospective memory video procedure. Level of anxidty a

depression, and use of alcohol, tobacco and any other recreational drugs am additi

91



to cannabis use were also measured and controlled for during analysisdatehe

The presentation of the measures was held constant across all participants

5.3.1.2 Participants

Of the 117 participants who completed study one, 90 completed the present study
The sample comprised 47 early-onset users who commenced cannabi®testhbe

age of 17 years (20 males and 27 females with a median age oarlQayal a
median age of first use of 16 years) and 43 late-onset users who cordrisece
after the age of 17 years (18 males and 25 females also with annaggisof 19
years and a median age of first use of 18 years). There was no aigrtdiiiference

in the proportion of males and females within the early-onset userbatate-onset

users [y° (1) = 0.004, p = 0.95]. The early-onset users smoked a median of one joint
per week (range: 1 joint every 6 months to 20 joints per week), had used cannabis for
a median of 3 years (range: 1 year to 7 years) with a median esticwamulative
lifetime use of 144 joints (range: 6 joints to 3120 joints) and had abstainedisem

for a median of 14 days (range: 24 hours to 8 months). The late-onset userd smoke
a median of 0.46 joints per week (range: 1 joint every 6 months to 10 joints per
week), had used cannabis for a median of one year (range: 2 months to 5 §bars) w
a median estimated lifetime use of 36 joints (range: 2 joints tgd»3) and had

abstained from use for a median of 21 days (range: 2 days to 8 months).

5.3.1.3 Measures
The prospective memory video procedure described in chapter two was aiploye
objectively gauge prsctive memory performance. Cronbach’s alpha confirmed

acceptable reliability of the video procedure in the present study (o =0.71).
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The Hospital Anxiety and Depression Scale (Snaith and Zigmond, 1994) described
in chapter three was employed to gauge levels of anxiety and depregsasienced

by early-onset users and lateset users during the previous week. Cronbach’s

alpha indicated that the reliability of the items related toeipxivas acceptable in

the present study (o = 0.86), however, reliability of the items related to depression in

thepresent study was lower than traditionally recommended (a = 0.55).

The substance use questionnaire described in chapter three provided afetails
cannabis use and ascertained estimates of weekly consumption of aicbaoto
and any other illicit recreational drugs in addition to cannabis. Betaduration of
use and last use were also ascertained. No additional measures of dweyaise

employed.

5.3.1.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsittee
Participants were tested in small groups of six to eight participasert session in a
spacious room. The nature of the task was explained and partichgastprovided

with an opportunity to ask for further clarification of the task requiremeAfser
providing informed consent the participants were each allocated a udepigier

to ensure anonymity.The procedure detailed in chapter two for the completion of
the prospective memory video procedure was adopted for the present study. On
completion of the video procedure participants completed the Hospiia¢t and
Depression Scale (Snaith and Zigmond, 1994) and the substance use questionnaire,
both of which contained instructions for their completion. Following the coroplet

of all tasks the participants were debriefed and thanked for their participation.
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5.3.2 Results

5.3.2.1 Participant demographics

Table 5.1 shows the median age, weekly consumption of alcohol, number of
cigarettes smoked per week, weekly cannabis consumption, duration of cannabis use,
estimated lifetime cannabis use, and median anxiety and depressianfecealy-

onset users and late-onset users.

Table 5.1. Median age, weekly consumption of alcohol, number of cigarettes sked per week,
weekly cannabis consumption, duration of use, estimated lifetime caabis use, and scores for
anxiety and depression in early-onset users and late-onset uséemnge in brackets).

Early-Onset Late-Onset
Users Users
Age (years) o 500,
ge (y (3.00) (5.00)
Age at commencement of us 16.00 18.00
(years) (3.50) (3.50)

_ 25.00 25.00

Units of alcohol consumed (99.00) (86.50)
_ 3.00 2.25

Number of cigarettes smokec (90.00) (180.00)
. 1.00 0.46
Number of joints smoked (19.96) (9.96)
_ 3.00 1.00
Duration of use (years) (6.00) (4.83)

. s o 144.00 36.00
Estimated lifetime use (joints (3114.00) (518.00)
Anxiety score - e

(12.00) (19.00)
_ 2.00 2.00
Depression score (8.00) (9.00)

Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted
in terms of age [W (47) = 0.82, p < 0.001 for early-onset users and W (43) = 0.79, p

< 0.001 for late-onset users], alcohol consumption [W (46) = 0.83, p < 0.001 for
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early-onset users and W (42) = 0.85, p < 0.001 for late-onset users], tobacco
consumption [W (43) = 0.74, p < 0.001 for early-onset users and W (38) = 0.60, p <
0.001 for late-onset users], cannabis consumption [W (47) = 0.64, p < 0.001 for
early-onset users and W (43) = 0.55, p < 0.001 for late-onset users], duration of use
[W (47) = 0.89, p <0.001 for early-onset users and W (43) = 0.66, p < 0.001 for late-
onset users], estimated lifetime consumption [W (47) = 0.64, p < 0.001 for early-
onset users and W (43) = 0.59, p < 0.001 for late-onset users] or last use [W (47) =
0.61, p < 0.001 for early-onset users and W (43) = 0.74, p < 0.001 for late-onset
users]. Although Levene’s tests for the assumption of homogeneity of variance
between early-onset users and late-onset users revealed no viaétitre
assumption in terms of age [F (1, 88) = 0.01, p = 0.92], alcohol consumption [F (1,
86) = 0.13, p = 0.72], or last use [F (1, 88) = 1.37, p = 0.24], the assumption was
violated in terms of tobacco consumption [F (1, 79) = 4.49, p = 0.04], weekly
cannabis consumption [F (1, 88) = 5.15, p = 0.03], duration of use [F (1, 88) = 4.61,
p = 0.04] and estimated lifetime use [F (1, 88) = 9.99, p = 0.002]. In addition, data

obtained in relation to level of anxiety and depression were of ordinal level.

Therefore, non-parametric Mann-Whitney U tests were performed to ascantia
significant differences between early-onset users and late-onset users in terms of age
level of anxiety and depression, and consumption of alcohol, tobacco and cannabis.
These tests revealed no significant differences between earlywsesstand late-
onset users in terms of level of anxiety [U = 824.00, p = 0.13], or depression [U =
939.00, p = 0.56], alcohol consumption [U = 953.50, p = 0.92], tobacco consumption
[U = 797.50, p = 0.85], or last use of cannabis [U = 941.50, p = 0.58]. Early-onset

users, however, were younger (median = 19 years, range = 3) than late-erset us

95



(median = 19 years, range = 5) [U = 495.00, p < 0.001], smoked more cannabis per
week (median = 1 joint, range = 19.96) than late-onset users (median = 0.46 joints,
range = 9.96) [U = 721.00, p = 0.02], had used cannabis for longer (median = 3

years, range = 6) than late-onset users (median = 1 year, range = 4.83) [U = 165.50,
p < 0.001] and had higher estimated lifetime use (median = 144 joints, range = 3114)

than late-onset users (median = 36 joints, range = 518) [U = 426.50, p < 0.001].

5.3.2.2 Effect of early-onset versus late-onsetagfnabis use

Shapiro-Wilk tests for normality revealed that the data were niyrhigtributed in

terms of the number of location-action combinations correctly recalled dimng
prospective memory video procedure [W (47) = 0.96, p = 0.14 for early-onset users
and W (43) = 0.96, p = 0.09 for ladaset users]. Furthermore, Levene’s test for the
assumption of homogeneity of variance between early-onset users ewwhdat
users indicated that the assumption was not violated [F (1, 88) = 0.59, p ad44]

the data were of ratio level. Bonferroni corrected Spearman’s rho tests of correlation
indicated no significant relationships between prospective memory videedpirec
scores and age [r (90) = -0.06, p = 1.00], level of anxiety [r (90) = 0.05, p = 1.00] or
depression [r (90) = -0.16, p = 1.00], alcohol consumption [r (88) = -0.21, p = 0.50],
tobacco consumption [r (81) = -0.07, p = 1.00], weekly cannabis consumption [r (90)
= 0.05, p = 1.00], duration of use [r (90) = -0.11, p = 1.00], estimated lifetime use [r
(90) = 0.003, p = 1.00] or last use [r (90) = -0.08, p = 1.00]. There was therefore no
justification for the inclusion of any of these factors as covariatésalysis of
variance performed to ascertain the presence of any significant ditlerbatween
early-onset users and late-onset users in terms of the number of |@ion-

combinations correctly recalled during the prospective memory video procedure
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revealed no significant effect of the age of commencement of use on praspecti

memory [F (1, 88) = 0.76, p = 0.39].

5.3.3  Summary of findings and conclusions

The present study explored whether prospective memory performance in early-onset
cannabis users who commenced use before the age of seventeen years at a time when
the adolescent brain is developing differed from performance in late-onsewhsers
commenced use after the age of seventeen years. The findings prdeanténo
significant difference between early-onset users and late-onset argkrthereby

found no evidence that prospective memory deficits were related agéhat which

cannabis use commenced.

The present findings did not support earlier research which has suggesesatighat
onset of cannabis use has a detrimental impact on cognition (Battisti 2010;
Ehrenreichet al, 1999; Popeet al, 2003). It should be noted, however, that the
participants in the present studies had much lower levels of cannabihamse

participants in these earlier studies and this may explain the present findings.

5.4 Overall summary of findings and conclusions

The present series of studies had two aims. The first of thesegowvaexamine
whether the prospective memory deficits observed in cannabis usersele¢ed to

the number of joints smoked per week, duration of cannabis use and to estimated
lifetime consumption of cannabis. The second aim was to examiather
prospective memory performance in early-onset cannabis users differed fravh that

late-onset users. In relation to these aims the results obtained reveaigdificant
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relationship between prospective memory video procedure scores and the number of
cannabis joints smoked per week, duration of use, or estimated lifetimergaien

of cannabis. Furthermore, the prospective memory performance of early-onset users
did not significantly differ from that of late-onset users. The findingd®fpresent

series of studies, therefore, found no evidence to suggest that prospectioeyme
deficits observed were related to dose and/or duration of cannabis use or to the age at

which cannabis use commenced.

98



Chapter 6

The effect of cannabis use on prospective memory encoding and
retrieval processes

6.1 Rationale

Previous studies described within the current programme of researchuggested

that cannabis use has a detrimental effect on prospective memory per®rimanc
young adults and have further suggested that these deficits magmréakbmwing
cessation of cannabis use. Furthermore, these studies have suggested that the deficits
observed are not related to the quantity of cannabis smoked or to the dufation o
cannabis use. In order to better understand the psychopharmacological mexhanism
by which cannabis use affects prospective memory it is necessalyctdate the

precise nature of the deficits observed. In order to do this it is aegéssconsider

the processes underlying prospective memory.

As described in chapter one the successful realisation of intengi@msaiacterised
by distinct phases during which the intention is successfully formed ardiexhc
then retained over a period of time during which the individual corgimigh their
activities, and is finally executed when the appropriate retrieval context is resmbgnis
and the intended task is recalled (Ellis, 1996; Ellis and Freeman, RD&gel, et

al., 2008). Deficits can therefore arise as a consequence of failure in takngnaf

the association between the appropriate retrieval contéhdr and the intended

task to be performedvhal) or as a consequence of the failure to recall the intention.
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Previous research has noted deficits in both visual recognition and dieiayeal

recall in cannabis users (McHale and Hunt, 2008) suggesting thatenttwing or
retrieval processes could be affected. To date, however, no research haslexplore
this phenomenon in relation to prospective memory encoding and retrieval.
Furthermore, McHale and Hunt utilised different tests of recognition and reca
making it impossible to ascertain whether the information to be rddadie initially

been encoded. The first aim of the present study, therefore, was to expltdrerwhe
the prospective memory deficits observed in cannabis users were due its defic
associated with the encoding of the task and its associated cue tandiédicits in

the retrieval of the intention.

In order to explore this issue the present study therefore employed a recotgsk
designed specifically for use with the prospective memory video procedure to
ascertain whether those items not recalled during the prospectivermeideo
procedure were recognised and hence had been encoded. One problem that can arise
within recognition tasks, however, is the potential for individuals telgimespond

to all possible stimuli. In this way the participant achievggedect score having
failed to miss any of the targets. Indeed, llan, Smith and Gevins (2004 thate
acute cannabis intoxication was associated with an incredbe imumber of false
recognitions made suggesting that cannabis use impaired senstivéygets. In
order to mitigate this problem the present study measured the numibaiseof
recognitions (false alarms) in addition to the number of correct recmgmiti
(successful hits) in order to estimate each participant’s ability to discriminate

between different stimuli (sensitivity) and their tendency to resporadparticular
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way irrespective of the stimulus that was presented (responsgMashillan and

Creelman, 1991).

In addition, the successful retrieval of intentions is dependent upon tbessfid
recognition of the appropriate retrieval contexhén) and the successful recall of

the intended task to be performeshé&t (Ellis, 1996; Ellis and Freeman, 2008;
Kliegel, et al, 2008). Consequently, failure to successfully execute intentions can
arise as a consequence of failure in either, or both, of these aspedsncgévirom
neuroimaging studies have further noted differential activations withinritesia
prefrontal cortex and anterior cingulate cortex associated with thesenliféespects

of prospective memory retrieval (Simoetsal, 2006). However, no research to date
has investigated whether the retrieval deficits observed in canusbis arise as a
consequence of problems associated with the recognition of the appropriatalretriev
context (cue identification) and/or deficits in the recall of the intendskl to be
performed (intention retrieval). The second aim of the present study therefore was to
address this hiatus with two objectives. Firstly, the study explehetdher cannabis
users made more errors than non-users in identifying the appropriate cue to act
during the prospective memory video procedure. Secondly, the study explored
whether cannabis users made more errors than non-users in recalling tteeltas

performed during the prospective memory video procedure.

In relation to the first aim, as previous findings described within theeptehesis
have suggested that cannabis use has a detrimental effect on pvespextiory
video procedure scores it was predicted that cannabis users would rell fe

location-action combinations than non-users. Furthermore, as McHale and Hunt
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(2008) noted deficits in visual recognition associated with cannabist usas

predicted that cannabis users would recognise fewer intentions than non-users.

In relation to the second aim, since the successful execution ofl@tt¢asks relies
upon noticing the target cue (Kliegel, Guynn and Zimmer, 2007), a process that
requires attending to stimuli in the environment and previous research haaddi
deficits in attention associated with cannabis use (Jacdiseh 2004; Medinaet

al., 2007; Messiniet al, 2006; Solowijet al, 2002) it was predicted that cannabis
users would make more cue identification errors during the prospective memory
video procedure than non-users. Additionally, since the execution of interséied ta
requires that, having noticed the cue, a memory search is conducttdeee the
intended task (Kliegadt al, 2007) and previous research has indicated deficits in the
retrospective recall of information (Bol& al, 2002; Croftet al, 2001; Granget al,

2003; McHale and Hunt, 2008; Medieaal, 2007; Messiniet al, 2006; Nestoet

al., 2008; Rodgers, 2000; Solowij and Battisti, 2008; Solowij and Pesa, 2010;
Solowij et al, 2002), it was predicted that cannabis users would make more task

retrieval errors during the prospective memory video procedure than non-users.

6.2 Methodology

6.2.1 Design

The study employed a quasi-experimental independent measures design utilising pre-
existing groups of cannabis users who had declared use of cannabis thathin t
previous year and non-users who had never smoked cannabis. The dependent

measures were the number of location-action combinations correctiigdedaring
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the prospective memory video procedure, the number of correct location-actio
combinations identified during the recognition task (successful hits), the nawibe

the novel location-action combinations identified during the recognitisin (false
alarms), the number of cue identification errors made during the prospective memory
video procedure and the number of task retrieval errors made during the video
procedure. Level of anxiety and depression, and use of alcohol, tobacco and any
other recreational drugs in addition to cannabis use were also measured and
controlled for during analysis of the data. The presentation of the measiwéehy

constant across all participants.

6.2.2 Participants

An opportunity sample of 86 undergraduates between the ages of 18 and 24 years
studying at universities in the northeast of England participatedta Bom 15
participants who reported the use of illicit recreational drugs in addititretouse

of cannabis and one participant whose use of additional illicit remn@hdrugs was
unknown were excluded. Data from a further participant whose last use of cannabi
was unknown and 9 participants who no longer smoked cannabis and had not
smoked for more than one year were also excluded. The remaining sample of 6
participants comprised 30 cannabis users who had used cannabis withirvitespre

year (16 males and 14 females with a median age of 19 years) and 3@&rs(itas
males and 14 females with a median age of 18 years). Based on the 80% of cannabis
users who disclosed information relating to their cannabis use, the cansaltss
smoked a median of one joint per month (range: 1 joint every 6 months tatg! joi

per week), had used cannabis for a median of one year (range: 1 year to dngkars)

had abstained from use for a median of 2 months (range: 5 days to 7 months).
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6.2.3 Measures

The prospective memory video procedure described in chapter two was eddoy
objectively gauge prospective memory performance. In the present stueydnp
the focus was also on the type of error made by participants. Therefasegithie
categorisation method described by Woods, Twamley, Dawson, NeaamdeZeste
(2007), errors were recorded as (a) a cue identification error if the partitagad
to recognise the cue, (b) a task substitution error if the participant reedghe cue
but carried out an incorrect task, (c) a content loss error if the particguagnised
the cue but failed to recall the task to be performed, or (d) altisseerror if the
participant recognised the cue and carried out the correct task butiatdhect
time during the video sequence. In addition to the number of correct location-actions
recalled as described in previous studies, the total number of each gperaohade
was calculated to provide four scores between zero and seventeen. Cronbach’s alpha
confirmed that reliability of the video procedure was acceptablesiprigsent study

(a=0.75).

The Hospital Anxiety and Depression Scale (Snaith and Zigmond, 1994) described
in chapter three was employed to gauge levels of anxiety and depregsesienced

by cannabis users and noremtssduring the previous week. Cronbach’s alpha
indicated acceptable reliability in the present study for the items related to anxiety (o

=0.78) and depression (o = 0.59).

A recognition task (appendix E) developed for the study was employedetondet
whether the locations and their associated actions had been subcessfatied.

The task included the seventeen location-action combinations pantisi were
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required to remember during the video procedure interspersed with seventeen nove
locationacion combinations related to the locations encountered within the video
sequence but which had not been identified as intentions to remefdicipants

were required to indicate which of the listed combinations represehtese t
combinations they had been asked to remember during the video procedure. The
number of location-action combinations correctly recognised (successfubhds)

the number of novel location-action combinations incorrectly recognised (false
alarms) during the task were recorded thus providing two scores betereeard
seventeen. These scores were then converted to proportions of suduesghut

rate) and false alarms (false alarm rate) and indices of sensitivity (d”) and response

bias (B) calculated.

The substance use questionnaire described in chapter three provided afetails
cannabis use and ascertained estimates of weekly consumption of aicbaoto
and any other illicit recreational drugs in addition to cannabis. Bethduration of
use and last use were also ascertained. No additional measures of dweyaise

employed.

6.2.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsitteen
Participants were tested in small groups of six to eight particpaert session in a
spacious room. The nature of the task was explained and partichgastprovided
with an opportunity to ask for further clarification of the task requiremeatser
providing informed consent the participants were each allocated a udeqigier

to ensure anonymity. As the focus of the prospective memory video procedure in the
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present study was on the errors made, the procedure followed differed shgimtly

that adopted in previous studies. As in previous studies, participangsinformed

that a list of locations and associated tasks to be performed aidatdh would be

read out and that without writing anything down while the list wasgoeead they

were to try to remember as many of the intentions as they could. Wdken t
participants were happy to continue the list of locations and assbaietiens to be
remembered was read aloud at a steady pace. The list wagdepedtparticipants
were reminded that the aim of the task was to recall the é¢mhe appropriate time

and therefore as they watched the video they were to record both thenl@cal the
associated action on the response sheet provided only when they reached the
appropriate location cue on the video. In addition, participants were told at this point
that there may be occasions where they recognised a location asmlyerad that

they had to do something at that location but were unable to remembeit what

that they had to do or that they may remember tasks that they needety twut but

be unable to remember where they were to carry out the task. Rautscipere
instructed that in the event of either of these situations arising they should write what
they remembered in the appropriate column on the response sheet anthdeave
corresponding column blank. After verifying that participants understadatk
requirements, the video was playedOn completion of the video procedure
participants completed the Hospital Anxiety and Depression ScalethSarad
Zigmond, 1994), the substance use questionnaire, and finally the recognition task, all
of which contained instructions for their completion. Following the completion of

all tasks the participants were debriefed and thanked for their participation.
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6.3 Results

6.3.1 Participant demographics
Table 6.1 shows the median age, weekly consumption of alcohol, number of
cigarettes smoked per week, and the median anxiety and depressian acibre

cannabis users and non-users.

Table 6.1. Median age, weekly consumption of alcohol, number of cigarettes
smoked per week, and scores for anxiety and depressioncannabis users and
non-users (range in brackets).

Cannabis Users Non-Users
Age (years) 09 200
(3.00) (2.00)
_ 25.00 12.00
Units of alcohol consumed (52.00) (48.00)
_ 4.00 0.00
Number of cigarettes smokec (70.00) (5.00)
Anxiety score >0 o
y (10.00) (11.00)
_ 2.00 1.00
Depression score (7.00) (7.00)

Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted

in terms of age [W (30) = 0.84, p < 0.001 for users and W (30) = 0.70, p < 0.001 for
non-users], alcohol consumption [W (29) = 0.93, p = 0.04 for users and W (29) =
0.90, p = 0.01 for non-users] or tobacco consumption [W (25) = 0.61, p < 0.001 for
users and W (24) = 0.37, p < 0.001 for nsaes]. Although Levene’s tests for the
assumption of homogeneity of variance between cannabis users and non-users
revealed no violation of the assumption in terms of age [F (1, 58) = 0.46, p = 0.50] or
alcohol consumption [F (1, 56) = 0.07, p = 0.79], the assumption was violated in

terms of the number of cigarettes smoked per week [F (1, 47) = 8.41, p = 0.01]. In
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addition, the data obtained in relation to levels of anxiety and depmnessire of

ordinal level.

Therefore, non-parametric Mann-Whitney U tests were performed to ascamiai
significant differences between cannabis users and non-users in terms of age, level of
anxiety or depression and weekly consumption of alcohol and tobacco. Tlese tes
revealed no significant differences between cannabis users and noimuserss of

age [U = 387.50, p = 0.30], level of anxiety [U = 389.50, p = 0.37] or depression [U

= 350.00, p = 0.13]. Cannabis users, however, consumed significantly more alcohol
(median = 25 units, range = 52) than non-users (median = 12 units, range = 48) [U =
245.00, p = 0.01] and smoked significantly more tobacco (median = 4 cigarettes,

range = 70) than non-users (median = 0 cigarettes, range = 5) [U = 58.50, p < 0.001].

6.3.2 Prospective memory retrieval
The mean number of location-action combinations correctly recallecatyabis
users and non-users during the prospective memory video procedure is shown in

Figure 6.1.
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Figure 6.1. The mean number of location-action combinations correctly recalled
by cannabis users and non-users during the video procedure (isfandard error).

Shapiro-Wilk tests for normality revealed that the data were nbyrmhiatributed in
terms of the number of location-action combinations correctly recalled dimng t
prospective memory video procedure [W (30) = 0.97, p = 0.53 for users and W (30)
= 0.98, p = 0.71 for nonsers]. Furthermore, Levene’s test for the assumption of
homogeneity of variance between users and non-users indicated thasutigtaen

was not violated [F (1, 58) = 3.46, p = 0.07] and the data obtained were of ratio level.

Bonferroni corrected Spearman’s rho tests of correlation indicated no significant
relationships between prospective memory video procedure score and flevel o
anxiety [r (60) = 0.15, p = 1.00] or depression [r (60) = -0.08, p = 1.00], alcohol
consumption [r (58) = -0.29, p = 0.14] or the number of cigarettes smoked per week
[r (49) = -0.23, p = 0.54]. There was no justification, therefore, for the inclusion of
these factors as covariates. There was, however, a significaitingig between

prospective memory video procedure score and age [r (60) = -0.43, p = 0.005]. As
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the assumption of homogeneity of regression was not violated [F (1, 56) = 0.003, p =
0.96] age was included as a covariate. Analysis of covariance performed to ascertain
the presence of any significant differences between cannabis users amgkereom

terms of the number of location-action combinations correctly recalled dimeng t
prospective memory video procedure revealed that, after controlling forhege, t

was a significant effect of cannabis use on prospective memdnycanabis users
correctly recalling significantly fewer location-action combinatignean = 8.87,
standard deviation = 3.93) than non-users (mean = 11.03, standard deviation = 2.62)

[F (1, 57) = 5.18p = 0.03, n,° = 0.08].

6.3.3 Prospective memory encoding
The median number of location-action combinations correctly recognised (successful
hits) and falsely recognised (false alarms) by cannabis users and non-users during the

recognition task is shown in Figure 6.2.
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® Non-users
6.00 —
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Median number of correct recognitions
and false recognitions

T 1

Correct Recognitions  False Recognitions

Figure 6.2. The median number of correct and false recognitions made durgthe
recognition task by cannabis users and non-users.
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Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted

in terms of the number of correct recognitions made [W (30) = 0.86, p = 0.001 for
cannabis users and W (30) = 0.82, p < 0.001 for non-users], the number of false
recognitions [W (30) = 0.48, p < 0.001 for users and W (30) = 0.55, p < 0.001 for
non-usersj, sensitivity [W (30) = 0.87, p = 0.002 for non-users], or response bias [W
(30) = 0.82, p < 0.001 for users and W (30) = 0.90, p = 0.01 for non-users].
Levene’s tests for the assumption of homogeneity of variance between users and
non-users indicated that the assumption was not violated in terthe ntimber of
correct recognitions [F (1, 58) = 3.19, p = 0.08], the number of false recognitions [F
(1, 58) = 0.13, p = 0.72], sensitivity [F (1, 58) = 0.35, p = 0.56], or response bias [F
(1, 58) = 2.18, p = 0.15] and the data were of ratio level. As data transforsnatio
must be performed on all groups within a statistical analysisd(F&009) and
because the data were normally distributed in terms of sensitivilp@mannabis
users [W (30) = 0.95, p = 0.14], transformation was not appropriate as correcting the
skew within the non-users would have generated skew within the useaddition,

data transformations failed to correct the skew in terms of the number of false alarms
and response bias, therefore, non-parametric Mann-Whitney U tests were pérform
to ascertain the presence of any significant differences between isansefs and
non-users in terms of their encoding of the intentions. These testseckveal
significant effect of cannabis use on the number of correct recognition8§4.50,

p = 0.20] or on the number of false recognitions [U = 440.00, p = 0.87].
Furthermore, there was no significant effect of cannabis use on sengitlvity

385.50, p = 0.34] or response bias [U = 415.00, p = 0.60].
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6.3.4 Cue identification errors
The mean number of cue identification errors made by cannabis users ansen®n-

during the prospective memory video procedure is shown in Figure 6.3.
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Figure 6.3. The mean number of cue identification errors madeybcannabis users
and non-users during the video procedure (+ 1 standard error).

Shapiro-Wilk tests for normality revealed that the data were nbyrmigtributed in
terms of the number of cue identification failures made during the progpecti
memory video procedure [W (30) = 0.97, p = 0.50 for users and W (30) = 0.95, p =
0.18 for nonasers]. Furthermore, Levene’s test for the assumption of homogeneity

of variance between users and non-users indicated that the assumgsiamotv
violated [F (1, 58) = 1.46, p = 0.23] and the data obtained were of ratio level.
Bonferroni corrected Spearman’s rho tests of correlation indicated no significant
relationships between the number of cue identification failures made dimeng
prospective memory video procedure and age [r (60) = 0.29, p = 0.13], level of
anxiety [r (60) = -0.19, p = 0.75] or depression [r (60) = -0.02, p = 1.00], alcohol

consumption [r (58) = 0.33, p = 0.07] or number of cigarettes smoked per week [r
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(49) = 0.27, p = 0.31]. There was therefore no justification for the inclusion of these
factors as covariates. Analysis of variance performed to ascdr&aiprésence of

any significant differences between cannabis users and non-users snotfethe
number of cue identification failures made during the prospective memorg vide
procedure revealed a significant effect of cannabis use on cue idewmfifieeth
cannabis users making significantly more no response errors (mean = 5.27, standard
deviation = 2.69) than non-users (mean = 3.80, standard deviation = 2.11) [F (1, 58)

=5.53,p=0.02,1,° = 0.09].

6.3.5 Taskretrieval errors
The median number of task retrieval errors in terms of task suigstjtabntent loss
and time loss errors made by cannabis users and non-users during the prospective

memory video procedure is shown in Figure 6.4.
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Figure 6.4. The median number of task retrieval errors made by cannabis use
and non-users during the video procedure
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Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted

in terms of the number of task substitution [W (30) = 0.89, p = 0.004 for users and W
(30) = 0.87, p = 0.002 for non-users], content loss [W (30) = 0.67, p < 0.001 for
users and W (30) = 0.74, p < 0.001 for non-users] or time loss [W (30) = 0.42, p <
0.001 for users and W (30) = 0.49, p < 0.001 for non-users] errors made during the
prospective memory video procedure. Although Levene’s tests for the assumption of
homogeneity of variance between users and non-users indicated thafutingtesn

was not violated in terms of the number of task substitution errors §8)F 0.22,

p = 0.64] or the number of time loss errors [F (1, 58) = 0.16, p = 0.69], the
assumption was violated in terms of the number of content loss errors [F &, 58)
7.96, p = 0.007]. Data transformations failed to correct the skew in termg of th
number of content loss and time loss errors. Therefore, although the datadbtain
were of ratio level, due to the marked degree of skew within the data and violation of
the assumption of homogeneity of variances, non-parametric Mann-Whittestd)

were performed to ascertain any significant differences between camisabssand
non-users in terms of the number of task substitution, content loss and time loss
errors made during the prospective memory video procedlinese tests revealed

no significant effect of cannabis use on the number of task substitution errers [U
432.00, p = 0.78], the number of content loss errors [U = 403.50, p = 0.45] or the

number of time loss errors [U = 423.00, p = 0.54].

6.4 Summary of findings and conclusions
The first aim of the present study was to examine whether thetslefiserved in
cannabis users were due to deficits associated with the encodingtaskhend its

associated cue or to deficits in the retrieval of the intentiomn&as users recalled
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significantly fewer intentions in the form of location-action comhboret during the
prospective memory video procedure than non-users confirming once again that
cannabis use has a detrimental effect on prospective memory retricdharle were

no differences, however, in the number of location-action combinations correctly
recognised by cannabis users and non-users during the recognition task rsgiggesti
that the intentions had been initially encoded. Furthermore, there were no significant
differences in the number of novel location-action combinations identifidsk (fa
recognitions) by cannabis users and non-users suggesting that the perfornte@ce of
cannabis users during the recognition task could not be explained by diffenences i

sensitivity to the cues or to biased responding.

The findings of the present study therefore suggested that the prospesthaym
deficits in cannabis users were associated with deficits in pexcésslved in the
retrieval of the intention rather than deficits in processes assdciaith the

encoding of the task and its associated cue.

The second aim of the present study was to explore whether the retiédicatis
observed in cannabis users arise as a consequence of problems assdtiatesl w
recognition of the appropriate retrieval context (cue identification) oritteiicthe
recall of the intended task to be performed (intention retrieval). In exantiméng
errors made, cannabis users and non-users did not differ significantlynaortioer

of task retrieval errors made, either in terms of carrying out an intdasc (task
substitution) or failing to recall the task to be performed (contes).loslor did

cannabis users and non-users differ in terms of carrying out a corretiointat an
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inappropriate time. Cannabis users did, however, make more cue ideofificati

failures than non-users.

The findings of the present study therefore suggested that the cannakd-rela
prospective memory retrieval deficits arose as a consequence of praissmsgted
with the recognition of the appropriate retrieval context in which to perform the
intention rather than to failures in the retrieval of the task to be perdornhe
addition, these findings suggest that cannabis use may exert a dédtimgact
within the medial anterior prefrontal cortex and/or the anterior cinguaitex
(Simonset al, 2006). As the anterior cingulate cortex is implicated in inhibition
(Battisti et al, 2010; Gruber and Yurgelun-Todd, 2005), the present findings may
therefore reflect an inability to effectively inhibit attention to misting stimuli in

the environment causing the individual to miss relevant cues.

Of further note was the observation that there were no occasions whepaad
recalled a task but failed to identify the location for the task. fiimiéng supports
the ‘noticing and search’ model which suggests that the successful execution of
intended tasks relies initially upon noticing the target cue which shbsequently

stimulates a memory search in order to retrieve the intention (Ki¢ge| 2007).
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Chapter 7

Does cannabis use affect time-based prospective memory?

7.1 Rationale

Previous studies documented within this thesis have suggestedtinabcs use has
a detrimental effect on prospective memory performance in young adultsof Al
these studies employed a prospective memory video procedure based @inah ori
idea by Titov and Knight (2001) to objectively assess prospective meiabcyts
and consistently found that current cannabis users recalled significanty few
location-action combinations than non-users. The video procedure utilifeese
studies, however, assesses only event-based prospective memory! rebmésxsts
where the intended task is performed in response to the occurrence dfife spe
event, for example, remembering to post a letter when you pass a posttiexs

in contrast to time-based prospective memory retrieval contexts Wieerstended
task is performed at a specific time or following the elapse of afispégration of
time, for example, remembering to meet a friend at 7pm or rememberiaget@a t

cake out of the oven in 15 minutes time.

At the initial time of planning the present study no research hadtigaged whether
cannabis use affects prospective memory in time-based retrientdxts. Since
beginning data collection, however, McHale and Hunt (2008) have assessed tim
based and event-based prospective memory in cannabis users, tobaccadisers a
non-users. As described in chapter one this study noted that thebdelaen the
expected and the actual execution of the short-interval task waficsigtly longer

for cannabis users than for both tobacco users and non-users and signifieeartly fe
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of the cannabis users remembered to return the envelope to the researthers i
long-interval task. Although McHale and Hunt employed a laboratorgebtsk to
assess prospective memory over short time intervals they utlisaturalistic task
to assess prospective memory over long intervals. This may be impbezause
previous research has noted that cannabis users are less likelyothaisers to
employ strategies to assist remembering (Rodgeral, 2001). It is possible
therefore, that in the long-interval task tobacco users and non-usesyedhpbme
strategy upon leaving the study, for example making a note in a diagsisb their
remembering which could explain their better performance in the Eskfact that

it is impossible to know precisely what strategies participauatg employ outside of
the laboratory environment is an inherent disadvantage of naturalisks. ta
Furthermore, in both the short-interval and the long-interval tasks therenlyasne
occurrence of the prospective memory target. As described in chaptesuch
tasks may be too simplistic with the potential for non-clinical igials with mild
deficits to attain maximal performance. It would therefore be advaniagm
examine this phenomenon under controlled laboratory conditions with a more

sensitive test of prospective memory and this was the first aim of the present study.

In addition, McHale and Hunt (2008) found no significant differences between
cannabis users, tobacco users and non-users in event-based prospective. memor
These findings do not corroborate those described in chapter three (Barthaddomew
al., 2010), chapter four or chapter six of the present thesis which all noted isannab
related deficits during an event-based prospective memory video procedoige. T
discrepancy needs to be investigated further and this was the secomd then

present study. As described in chapter two, the Rivermead BehaviouradrMem
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Test (Wilsonet al, 1991) utilised by McHale and Hunt has received criticism due to

a lack of sensitivity (Spooner and Pachana, 2006), a problem that is compounded in
McHale and Hunt’s study by the use of only one of the available prospective
memory sub-tests. Therefore the present study attempted to ovetasraek of
sensitivity by utilising the more recently developed Cambridge Progpedemory

Test which assesses performance in both time-based and event-basa@l retri

contexts (Wilsoret al, 2005).

As McHale and Hunt (2008) reported deficits in time-based prospective mamory,
was predicted that non-users would perform better than cannabis userdiorethe
based tasks in the present study. On the basis of findings recorded throbhghout t
thesis which have consistently suggested that cannabis usede&igmeental effect

on event-based prospective memory, it was predicted that non-users alswld

perform better than cannabis users on the event-based tasks in the present study.

7.2 Methodology

7.2.1 Design

The study employed a quasi-experimental independent measures design utilising pre-
existing groups of cannabis users who had declared use of cannabis téthin t
previous year and non-users who had never smoked cannabis. The dependent
measures were the scores based upon the number of time-based and eslent-bas
prospective memory tasks successfully completed during the Cambridged@vespe
Memory Test (Wilsoret al, 2005). Pre-morbid intelligence, level of anxiety and

depression, and use of alcohol, tobacco and any other recreational drugs am additi
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to cannabis use were also measured and controlled for during analyses ds#ta.

The presentation of the measures was held constant across all participants.

7.2.2 Participants

A sample of 79 young adults between the ages of 18 and 24 years padicipae

sample was derived predominantly through opportunity sampling of undergraduates
studying at universities in the northeast of England and supplemeatsdoxivball
sampling. Data from 19 participants who reported the use of illicit recreational drugs
in addition to their use of cannabis and 10 participants who no longer smoked
cannabis and had not smoked for more than one year were excluded. &imenigem
sample of 50 participants comprised 25 cannabis users who had used cannabis within
the previous year (9 males and 16 females with a median age of 1£) ged 25
non-users (3 males and 22 females also with a median age of 19 years)wahare
significant difference in the proportion of males and females within theabann

users (36% males and 64% females) and non-users (12% males and 88% females)
[¥* (1) = 3.95, p = 0.05]. Based on the 92% of cannabis users who disclosed
information relating to their cannabis use, the cannabis users smokediaa roe

0.92 joints per week (range: 1 joint per month to 10 joints per week), had used
cannabis for a median of 2 years (range: 9 months to 7 years) and had abstained from

use for a median of 14 days (range: 2 days to 7 months).

7.2.3 Measures
The Cambridge Prospective Memory Test (Wilsbral, 2005) described in chapter

two was utilised to gauge the effectiveness of prospective membinyarbased and
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eventbased retrieval contexts. Cronbach’s alpha confirmed that the reliability of the

test was acceptable in the present study (o = 0.64).

The Hospital Anxiety and Depression Scale (Snaith and Zigmond, 1994) ddscribe
in chapter three was employed to gauge levels of anxiety and depregsesienced

by cannabis users and nosers during the previous week. Cronbach’s alpha
indicated acceptable reliability in the present study for the itetated to anxig (a

= 0.81) and the items related to depression (o = 0.62).

As some of the cannabis users recruited did not meet the entry requirdanents
undergraduate study, the National Adult Reading Test (Nelson and Willison, 1991)
was employed to estimate pre-morbid intelligence in order to control fpr a
differences between the cannabis users and non-users. The test abB(pmsEds

of increasing level of difficulty which participants read aloud. These wosis
irregular in that they did not follow the general rules of pronunciation. Correct
pronunciation, therefore, could only be achieved if the participant knedv an
recognised the word in its written form. The number of incorrectly pronounced
words was recorded to provide an error rate score between 0 and 50 which was

converted to an estimated 1Q score.

The substance use questionnaire described in chapter three provided afetails
cannabis use and ascertained estimates of weekly consumption of aicbaoto
and any other illicit recreational drugs in addition to cannabis. Bethduration of
use and last use were also ascertained. No additional measures of dweyaise

employed.
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7.2.4 Procedure

The study protocol was approved by the School of Life Sciences ethicsitteen
Participants were tested individually. The nature of the taskexpkined and
participants were provided with an opportunity to ask for further clarificatigdheof
task requirements. After providing informed consent the participants vaere e
allocated a unique identifier to ensure anonymityhe Cambridge Prospective
Memory Test (Wilsonet al, 2005) was completed according to the protocol
described in the test manual with two exceptions. The first wasetieaence to the
use of strategies during the test in the initial instructions wasved. This change
was implemented because research has indicated that cannabis userdileedy less
use strategies than non-users (Rodgersl, 2001) which could exaggerate deficits
in users compared to non-users. In addition, individuals who experience problems
remembering may be more likely to use this opportunity to improve their
performance, particularly in a situation where they are aware theityabilunder
scrutiny. The second exception was that the instructionHange to another task”

was amended to read “complete this questionnaire”. At this point the Hospital
Anxiety and Depression Scale (Snaith and Zigmond, 1994) was placed obl¢he ta
in front of the participant. This change was implemented to gld#ferentiate the
execution of the intention from simply turning the page when the currenhaask
been completed. The substance use questionnaire was completed dunteythae
between the alarm signalling the end of testing and the completitredimal task
and the National Adult Reading Test (Nelson and Willison, 1991) was adenguist
according to the protocol described in the test manual on completion of th$ia

of the Cambridge Prospective Memory Test. Following the complefiati tasks

the participants were debriefed and thanked for their participation.
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7.3 Results

7.3.1 Participant demographics
Table 7.1 shows the median age, weekly consumption of alcohol, number of
cigarettes smoked per week, estimated 1Q, and the median aargktgepression

scores of cannabis users and non-users.

Table 7.1. Median age, weekly consumption of alcohol, number of cigarettes
smoked per week, estimated 1Q, and scores for anxiety and degssion of cannabis
users and non-usergrange in brackets).

Cannabis Users Non-Users
Age (years) P 200
(3.00) (3.00)
_ 20.00 3.50
Units of alcohol consumed (36.50) (37.50)
_ 1.75 0.00
Number of cigarettes smokec (50.00) (60.00)
_ 110.00 113.00
Estimated 1Q (19.00) (14.00)
_ 5.00 6.00
Anxiety score (12.00) (17.00)
Depression score 2.00 500
p (8.00) (6.00)

Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted

in terms of age [W (25) = 0.86, p = 0.003 for users and W (25) = 0.78, p < 0.001 for
non-users], alcohol consumption [W (25) = 0.80, p < 0.001 for non-users] or tobacco
consumption [W (24) = 0.71, p < 0.001 for users and W (24) = 0.22, p < 0.001 for
nonwasers]. Although Levene’s tests for the assumption of homogeneity of variance
between cannabis users and non-users revealed no violation of the assumption
terms of age [F (1, 48) = 0.83, p = 0.37] or alcohol consumption [F (1, 48) = 0.07, p

= 0.79], the assumption was violated in terms of the number of cigarettes smoked per
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week [F (1, 46) = 7.13, p = 0.01]. In addition, the data obtained in relatiend!s |

of anxiety and depression were of ordinal level. Therefore, non-parametric Mann-
Whitney U tests were performed to ascertain any significant differdret@geen
cannabis users and non-users in terms of age, level of anxiety orsimprasd
weekly consumption of alcohol and tobacco. These tests revealed nocargnifi
differences between cannabis users and non-users in terms of age [U = 220.00, p
0.06] or level of anxiety [U = 245.50, p = 0.19]. Cannabis users, however, reported
significantly more symptoms of depression (median = 2, range = 8) than non-users
(median = 1, range = 6) [U = 187.00, p = 0.01], consumed significantly more alcohol
(median = 20 units, range = 36.50) than non-users (median = 3.50 units, range =
37.50) [U = 85.50, p < 0.001] and smoked significantly more tobacco (median = 1.75
cigarettes, range = 50) than non-users (median = O cigarettes, Fab@e[U =

100.50, p < 0.001].

Shapiro-Wilk tests for normality revealed that the data were nbyrmiigtributed in

terms of estimated IQ [W (25) = 0.97, p = 0.56 for users and W (25) = 0.92, p = 0.06
for nonusers]. Furthermore, Levene’s test for the assumption of homogeneity of

variance between cannabis users and non-users indicated that the assumption was not
violated [F (1, 48) = 1.48, p = 0.23] and the data obtained were of ratio level.
Therefore, analysis of variance was performed to ascertain anyagnifiifference
between cannabis users and non-users in terms of estimated IQtesthisvealed

that cannabis users had a significantly lower estimated 1Q (mean = 18@uddard
deviation = 4.19) than non-users (mean = 112.40, standard deviation = 4.59) [F (1,

48) = 4.24, p = 0.05].
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7.3.2 Time-based and event-based prospective memory
The median scores based on the number of time-based and event-based prospective
memory tasks successfully completed during the Cambridge Prospectiverjviem

Test (Wilsonet al, 2005) by cannabis users and non-users is shown in Figure 7.1.
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Figure 7.1. Median time-based and event-based prospective memocpes of
cannabis users and non-users.

Shapiro-Wilk tests for normality revealed that the data were not ngrdistfibuted

in terms of scores for time-based prospective memory [W (25) = 0.92, p = 0.045 for
users and W (25) = 0.78, p < 0.001 for non-users] or for event-based prospective
memory [W (25) = 0.91, p = 0.03 for users and W (25) = 0.90, p = 0.02 for non-
users]. Furthermore, Levene’s tests for the assumption of homogeneity of variance
between users and non-users indicated that the assumption was \ioketexs of
scores for both time-based prospective memory [F (1, 48) = 7.11, p = 0.01] and
event-based prospective memory [F (1, 48) = 5.59, p = 0.02]. Data transformations

failed to correct the skew in both time-based and event-based prespaemory
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and in view of the violation of assumptions of normality and homogeneity of
variance, Mann-Whitney U tests were performed to ascertain thenpeesé any
significant differences between cannabis users and non-users in teims-bated
prospective memory and event-based prospective memory. These teatedev
significant effect of cannabis use on time-based prospective memibrgavinabis

users performing significantly poorer (median score = 10, range = 16) than non-users
(median score = 16, range = 11) [U = 161.50, p = 0.00% 0.48,one-tailed.

These tests also revealed a significant effect of cannabis useveom-based
prospective memory with cannabis users performing significantly poorer (median
score = 14, range = 16) than non-users (median score = 16, range = 8) [U = 224.00, p

= 0.04, g = 0.28,0ne-taileqd.

7.4 Summary of findings and conclusions

The present study had two aims. The first of these was to explordfelot of
cannabis use on time-based prospective memory. The second aiminvastigate

the discrepancy between the findings of McHale and Hunt (2008) and previous
findings documented within the present thesis in relation to event-basee ¢ros

memory.

In relation to these aims, the present study found that cannabis udersnpé
significantly poorer than non-users on both time-based and event-based prespect
memory tasks. As the size of the effect was larger for time-basefdeptios
memory scores these findings suggested that prospective memory imithibased
retrieval contexts may be more susceptible to the psychopharmacbbftgcts of

cannabis use than event-based prospective memory.
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The findings of the present study in relation to the effect of cannabisnusme-

based prospective memory support the findings of McHale and Hunt (2008) who
noted poorer performance in cannabis users on both short-interval and long-interval
time-based tasks. The present findings do not, however, support the findings of
Hadjiefthyvoulouet al (2011c) published since completion of the empirical research
undertaken within the present thesis which found no difference betweerbisanna

users and non-users in relation to time-based prospective memory deficits.

In relation to the second aim, the present findings support the findings of @eviou
studies documented within the present thesis which suggest thethcs use has a
detrimental effect on event-based prospective memory. The present fiddings,
however, support the findings of McHale and Hunt (2008) or the recently published
findings of Hadjiefthyvoulouet al (2011c), both of which found no difference
between cannabis users and non-users in relation to event-based prespentry

deficits.

In addition, Okudat al (2007) noted differential haemodynamic changes associated
with event-based and time-based prospective memory retrieval confaxtisg the
execution of time-based tasks blood flow in the anterior medial frontal |ote¥jax
cingulate gyrus and right superior frontal gyrus is increased while the eteacdti
event-based tasks is accompanied by increased blood flow in thé leftesaperior
gyrus and decreased blood flow bilaterally in the medial frontal lobeaatedior
cingulate cortex. The present findings therefore suggest that the raatkaior
prefrontal cortex, the anterior cingulate gyrus and/or the superior frontal gyyus ma

be particularly susceptible to the psychopharmacological effects of cannabis use
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Chapter 8

Discussion

The programme of research documented within this thesis had three amagor
The first was to evaluate the psychometric properties of a video procedare i
effort to validate an objective measure of prospective memory. Thadaim was
to utilise this measure in order to examine whether cannabis use affeuspdctive
memory in young adults. The final aim was to explore the nature ofeamabis-
related deficits observed in an attempt to better understand the nsachani

underpinning the psychopharmacological effects of cannabis use.

8.1 Psychometric properties of the prospective memory video proceiu

In relation to the first aim, the findings documented in chapter two steghthat the
prospective memory video procedure had good internal consistency and thalfactori
structure of the task was such that all items appeared to measserheonstruct
initially described as prospective memory. Evidence that the dabkndeed
measure the construct prospective memory was provided in the form @&rgeny
validity between the prospective memory video procedure and existingimes ads

prospective memory.

In terms of convergent validity with the Prospective Memory Questionnaire (Hannon
et al, 1995) this evidence was weak with self-reports of deficits in bothtemg-
episodic and short-term habitual aspects of prospective memory shamyngmall
correlations with the performance on the video procedure. This finding was not

unexpected and supports previous research which notes weak correlations between
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self-reports of prospective memory deficits and objective measureslif @edi

and Redman, 2008; Chaet al, 2008; Uttl and Kibreab, 2011). There was no
relationship between performance on the prospective memory video procedure an
self-reports of deficits in internally cued prospective memory. Thas wot
unexpected due to the nature of the video procedure which comprises environmental
cues rather than being internally cued and instead provides evidenoeergiedt

validity.

The evidence of convergent validity with the Cambridge Prospectemmdvly Test
(Wilson et al, 2005) was much stronger with moderate correlations observed
between prospective memory scores obtained utilising this task and pseréeron

the video procedure suggesting that the two measures assessedeticersstruct of
prospective memory. The finding that scores for time-based prospectiverynem
were more strongly correlated with performance on the video procedurectras s

for event-based prospective memory was somewhat surprising, however,tggven t
nature of the video procedure which comprised event-based, but not time-based,

target cues.

The data presented in chapter two failed to find evidence of convergkuahityv
between self-reports of deficits in prospective memory utilising tbepctive and
Retrospective Memory Questionnaire (Crawfatdal, 2003) and performance on

the video procedure. Uttl and Kibreab (2011), however, noted that scores on the
prospective memory subscale for this questionnaire were more highly correlated with
scores on the retrospective memory subscale than with scores onetthepart

measures of prospective memory. Uttl and Kibreab therefore suggestettiethat
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Prospective and Retrospective Memory Questionnaire appeared to measwyle a
general memory factor rather than distinct components of prospective and

retrospective memory and this may explain the lack of convergent validity observed.

In pilot studies, Titov and Knight (2001) found that participants were #ble
successfully recall more than 25 instructions to buy items during theo vi
procedure because of the high association between the location @utidhe This

led to the recommendation to introduce tasks tof@ogxample, “ask for directions

to the station” and questions to be answered, for example, “what colour is the stall’s
canopy?” which have low association between the location and the action in order to
increase the difficulty of the task and reduce ceiling effects. Thasept task
included five buy items, seven do items and five questions to be asw8crutiny

of the individual items comprising the video procedure suggested that thkile
majority of the items were within acceptable bounds in terms of diéfroulty, two

items appeared to be less difficult (both were buy items with regbcaation) and

one item appeared to be more difficult (a do item with low association). The average
item difficulty over the test as a whole, however, suggestedttibatask difficulty

was appropriate and the distribution of scores attained by participants further
suggested that the prospective memory video procedure was sufficemijex to
prevent ceiling effects whilst at the same time avoiding floorceffdue to the task
being too difficult. The utility of the procedure is further enhanced ageaikiwere

able to discriminate between individuals with good prospective menmorythese

with poor prospective memory.
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Whilst the prospective memory video procedure shows promise as a reable
valid tool for the assessment of prospective memory, further evidenaaranted.
For example the finding that scores on the time-based prospective measie\of
the Cambridge Prospective Memory Test (Wilsgral., 2005) were more highly
correlated with the prospective memory video procedures scores than sctres on
event-based tasks is problematic in establishing the validityhefprospective
memory video procedure which, in its present form, measures only event-based
prospective memory. In addition, the studies within the present thdsmt gather
evidence of discriminant validity. This is important because praspectemory
draws upon a number of cognitive processes such as planning, assoeativeg|,
attention/monitoring of the environment and retrospective memory whichshzag

variance with the task.

8.2 The effect of cannabis on self-reported prospective memory

The findings presented within this thesis in relation to self-reported ptospec
memory deficits associated with cannabis use were mixed. The study documented in
chapter three found no significant difference between cannabis users and rson-use
in terms of the number of long-term episodic, short-term habitual or ifieouedd
prospective memory failures reported when utilising the Prospective Memory
Questionnaire (Hannoet al., 1995) while the study described in chapter four noted
that cannabis users reported more failures in long-term episodic and smort-te
habitual, but not internally cued, aspects of prospective memory than non-users. The
evidence was further confounded by the findings in chapter four which found no
significant difference between cannabis users and non-users in ternesrmfrbber

of prospective memory failures reported when utilising the more receniyoped
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Prospective and Retrospective Memory Questionnaire (Crawéorél, 2003)
although the scales measuring short-term and environmentally cued aspects

prospective memory both indicated a trend.

The findings of these two studies did not fully support the findings of Roégers
(2001) or those of Montgomery and Fisk (2007) and Fisk and Montgomery (2008)
published since the completion of these studies. The failure of Buclenain
(2005) to replicate the factorial structure of the Prospective Memory iQuegire
(Hannonet al, 1995) on-line and their subsequent recommendation to exclude the
short-term habitual and internally cued subscales of the on-line Prigsddetmory
Questionnaire, however, casts doubt on the integrity of the findings of Radgd

who reported deficits only on these aspects. Similarly, although Montgamer

Fisk (2007) employed the traditional pencil and paper version of the Prgspect
Memory Questionnaire their findings should also be interpreted withooautn
particular, these authors reported cannabis to be a significant predictdici$ de
long-term episodic and short-term habitual aspects of prospective memory. As noted
in chapter one, however, in both instances the model from which theytloeaw
conclusions was not significant. In other words, the models the authors proposed did
not significantly explain the deficits observed thereby making predgtof the

contribution of cannabis use to the deficits somewhat irrelevant and erroneous.

Differences in the recruitment of participants may have contributed to the differences
in findings as the present studies recruited undergraduates studyingeasities in
the northeast of England while the study by Rodgsrsal (2001) recruited

participants from much broader demographic backgrounds via specific drug-related
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websites. Furthermore, the present studies excluded participants who leadddec
use of any illicit recreational drugs in addition to cannabis usedstablishing a
‘pure’ cannabis using group while many of the participants recruited by both
Rodgerset al and Montgomery and Fisk (2007) also used ecstasy. Although
Rodgerset al noted differential effects of cannabis and ecstasy on prospective
memory performance and Montgomery and Fisk noted that impairments were
associated with use of cannabis but not ecstasy it is possdilehe prospective
memory deficits observed were associated with the long-term use of othe
recreational drugs or a consequence of an interaction between the differgst
being used. This does not, however, explain the difference in findings of thetprese
studies and those of Fisk and Montgomery (2008) who also established a £annabi
group who did not use other illicit recreational drugs. A further point of nose wa
that the participants in both of the present studies were slighilyger (median age

of 19 years) than those in the studies of Rodgeed (modal age of 21 to 25 years),
Montgomery and Fisk (mean age of 21.5 years) and Fisk and Montgomery (mean
age of 20 to 22 years for non-users and 21 years for users). It is possikler¢he

that the cannabis users in the present studies had used cannabis fodshatiter

and consequently exhibited less severe deficits than those in thessbiidkisk and
Montgomery, Montgomery and Fisk and Rodgetral leaving them unaware of any

memory problems.

The findings documented within the present thesis supplement the growingfody
evidence confirming inconsistencies of self-report measures in iagspesspective

memory failures.
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8.3 The effect of cannabis on objectively measured prospective memory

The findings documented within chapter three suggested that cansabédfected
prospective memory in young adults with cannabis users correctly redaiiry
location-action combinations during the prospective memory video procedure than
non-users. This finding was confirmed in subsequent studies documentegdtar cha

four and chapter six.

At the time of commencing this programme of research the present stateshe

first to investigate prospective memory deficits associated egitinabis use using

an objective measure of prospective memory. These findings do not support those of
McHale and Hunt (2008) or those of Hadjiefthyvoukiwal (2011c) published since

the completion of these studies who found no differences between cannabis use

and non-users in event-based prospective memory.

A potential explanation for this difference in findings relates to taskptaty. In

the study by McHale and Hunt (2008), participants were required to rememipe

one intention while participants in the study by Hadjiefthyvowdoal (2011c) were
required to remember three event-based and three time-based intentions. By
comparison, the prospective memory video procedure utilised in the studi@s wit
the present thesis required participants to remember to carry out sevettedons

as part of a shopping scenario. It is possible that both McHale and Hdnt a
Hadjiefthyvoulouet al failed to find any differences because the tasks were too
simple. Furthermore, Hadjiefthyvoulat al noted that the scores for event-based
prospective memory in their study demonstrated a negative skewsujgests that

the scores were subject to a ceiling effect which, as noted by20@b), may give
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rise to null effects. In addition, as the study by McHale and Huwmtuited only
eighteen participants and the study by Hadjiefthyvowbeal recruited only twelve
participants it is possible that both of these studies lacked suffmerdr to detect
significant differences, particularly if the effect was small. Theent findings do,
however, substantiate previous research suggesting that cannabis ugdrhastdie
effects on cognitive processes, particularly in relation to memorya Boal, 2002;
Croft et al, 2001; Grantt al, 2003; McHale and Hunt, 2008; Mediatal, 2007;
Messiniset al, 2006; Nestoet al, 2008; Rodgers, 2000; Solowij and Battisti, 2008;

Solowij and Pesa, 2010; Solowij al, 2003.

8.4 The nature of prospective memory deficits

In relation to the third aim, the studies described in chapters four ¢o saplored
the nature of the prospective memory deficits observed. This maydwoetamt in
helping to elucidate the mechanisms underpinning the neurobiologicaltimipac

cannabis use on prospective memory.

The findings documented in chapter four suggested that the prospectiverymem
deficits observed in current cannabis users recover following cessatime afith

those who had previously used cannabis but who had not smoked for at least one
year performing as well as those who had never smoked cannabis. Althaigh t
phenomenon has not previously been investigated in relation to prospeatineymne
these findings provide support for earlier research (McHale and Hunt, 2008efope
al., 2001, 2002) which also noted that cognitive deficits recover following adperio

of abstinence. It should be noted, however, that prospective memory perfoohance

the previous users in the present study had not been assessed priorctestagion
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of use and it is therefore possible that these participants mayekbisted fewer
deficits during their period of cannabis use. Furthermore, those classified as
previous users who disclosed information relating to their cannabis use (30.23%)
indicated that their use had been light and of relatively short duration (76.92%
smoked one joint or less per week and all had used cannabis for three yeasy.or |

It is possible, therefore, that any deficits incurred as a conseqaépeanabis use

were not sufficiently severe to induce permanent damage.

Chapter five documented two studies. The first of these studies explored whether the
cannabis-related prospective memory deficits were related to the nahdaanabis

joints smoked per week, duration of cannabis use, and to estimated |fatimabis

use. The second study explored whether prospective memory performanceg-in earl
onset cannabis users who commenced use before the age of 17 yean® atteen

the adolescent brain is developing differed from performance in late-onsewhsers
commenced after the age of 17 years. The findings presented irstingies found

no evidence that the prospective memory deficits were related touthber of

joints smoked per week, duration of use, estimated lifetime consumption or to the

age at which cannabis use commenced.

The present findings do not support earlier research which has sughestaeficits
were related to the number of joints smoked per week (Balial, 2002), duration
of cannabis use (Solowgjt al, 2002), frequency of use (Rodgetsal, 2001) and to
cumulative lifetime use (Montgomery and Fisk, 2007). It should be notedybowe
that the participants in the present studies had much lower leveEnpébis use

than participants in these earlier studies. For example, the pressitipants
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smoked a median of 0.58 joints per week, had used cannabis for a mediazacs 2 y
and had an estimated lifetime consumption of 52 joints compared to EatEip

the study by Bollet al who smoked an average of 48.50 joints per week, used on
average 5.80 days per week and had used for an average of 4.80 years.ySimilarl
participants in the study by Solovej al had used for an average of 17.10 years and
used on a median of 27.90 days per month, while in the study by Ragigels
18.64% used between one and four times per month, 9.84% used between five and
twenty times per month, and 10.86% used more than twenty times per mdnth a

the study by Montgomery and Fisk the average cumulative lifatiseeof cannabis
among the ecstasy-polydrug users was 4087.89 joints and among the nsy-ecsta
users was 1277.76 joints. This was also the case in relation to age of commencement
of use where participants in the present study had lower levels dlianuse than
participants in earlier studies (Battisti al, 2010; Ehrenreiclet al, 1999; Popet

al., 2003). For example, early-onset users in the present study had smokedna media
of one joint per week for a period of 3 years with an estimated lifetonsumption

of 144 joints while late-onset users had smoked a median of 0.46 joinv&@lerfor

a period of one year with an estimated lifetime consumption of 36 joints compared to
participants in the study by Pope al where early-onset users had an average of
17368 and late-onset users an average of 12480 lifetime episodes and pariicipan
the study by Battistet al who had used cannabis on at least fifteen days per month

for a period of three years.

In order to gauge total lifetime use of cannabis the present studyplnedltihe
number of joints by the duration of use. This method, however, assumes that a

constant level of consumption has been maintained over the duration of uses Thi
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highly unlikely to be that case and therefore provides, at best, onlida estimate

of lifetime consumption.

Although this study found no significant differences between earlyt@rse late-

onset cannabis users, the study was potentially confounded by a number ef factor
Firstly, the dose and duration of cannabis use was greater for earlyusesst
Therefore, had any differences emerged it would have been impossiblertaiasce
whether the difference was due to the age of onset or due to thaesedtrdose and
duration of use. Secondly, previous studies exploring the effect of age of bnset o
cannabis use on cognitive processes (Ehrenretichl, 1999; Popeet al, 2003;
Wilson et al, 2000) has categorised early-onset use as commencement of use before
the age of 17 years and late-onset use as commencement of udeeadige df 17
years. It could be argued, however, that since neural development comioues
early adulthood, all participants within the study were engaged rinabés use
during a period when the brain may be particularly vulnerable to the rimlste
neurocognitive effects of cannabis. Although comparison across studies becomes
difficult when not comparing like-witlike, future studies may wish to reconsider

this criterion for categorisation as early- or late-onset.

Having established that the prospective memory deficits assbordtie cannabis
use recovered on cessation of cannabis use but did not appear to be relaged to t
quantity or duration of cannabis use or associated with the age at whidbsause
commenced, the focus turned to the nature of deficits in terms girtleesses
underlying prospective memory affected by cannabis use. For example, the

successful realisation of intentions is characterised by distinceplthsing which
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the intention is formed and encoded, then retained over a period of time during
which the individual continues with their activities, and is finakg@ited when the
appropriate retrieval context is recognised and the intended task iedecalis,

1996; Ellis and Freeman, 2008; Kliegetlal, 2008). The studies documented within
chapter six set out to explore the nature of cannabis-related prospeetiveryn

deficits in relation to where they occur within these phases.

The first objective of the study documented in chapter six was to explore whether the
cannabis-related prospective memory deficits arise as a consequernkefrfahe
encoding of the association between the retrieval contenérf and the intended

task (vhat) or as a consequence of failure to recall the intention. Cannabis users
recalled significantly fewer location-action combinations during the potispe
memory video procedure than non-users, confirming once again that cansabis
has a detrimental effect upon prospective memory retrieval. Thees h@vever,

no significant differences in the number of location-action combinations tgrrec
recognised by cannabis users and non-users during the recognition task.
Furthermore, there were no significant differences in the number of noveblocati
action combinations identified (false recognitions) by cannabis usdra@n-users
suggesting that the performance of the cannabis users during the recotpsk

could not be explained by differences in sensitivity to the cues or asedi
responding. These findings suggested that the association betwesgptbpriate
retrieval contextwWhen and the intended taskvifa) had been adequately encoded
and stored (and therefore were equivalently available for retriagadss both users

and non-users. Although these findings suggested that the deficits obsermgd duri

the prospective memory video procedure arose as a consequence of problems in
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retrieval processes it is possible that despite adequate encodingtaage the
quality of the representation may not have been equivalent across ndansra
users and this may have mediated the deficits observed in the aletfethe
intended tasks during the prospective memory video procedure. Future studies

should investigate this potential explanation of the current findings.

These findings do not corroborate earlier research which has suggested thiaiscanna
use has a detrimental impact upon visual recognition (McHalélantg 2008). The
cannabis users in the present study, however, consumed lower levels of céanabi
median of one joint per month for a median of one year) than those in McHale and
Hunt’s study (used on average three times a week with an average of two joints per

session) and this may explain the difference in findings between the two studies.

The second objective of the study documented in chapter six was to explore
prospective memory retrieval processes. As described above, the successful retrieval
of intentions is dependent upon the successful recognition of the appropriate retrieval
context (vhen and the successful recall of the intended task to be performied (

(Ellis, 1996; Ellis and Freeman, 2008; Kliegglal, 2008). Consequently, failure to
successfully execute intentions can arise as a consequence of ifaikiteer, or

both, of these aspects. The findings documented in chapter six of the pnesent t
indicated that cannabis users and non-users did not differ significattky mumber

of task retrieval errors. Cannabis users did, however, make significanthemore

than non-users in identifying the appropriate retrieval context. Thededs
therefore suggested that the cannabis-related prospective memorys aefgatved

during the prospective memory video procedure were attributable to faitures i
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recognition of the appropriate cue to perform the prospective memory task. As
cannabis use has a detrimental impact upon attention (Hanay 2007; Jacobsen
et al, 2004; Medinat al, 2007; Messinigt al, 2006; Solowigt al, 2002) this may

explain the present findings.

Of further note was the observation that there were no occasions wherpaua
recalled a task but failed to identify the location for the task.s fihding supports
the ‘noticing and search’ model which suggests that the successful execution of

intended tasks relies initially upon noticing the target cue which shbsequently

stimulates a memory search in order to retrieve the intention (Kke¢gé| 2007).

In the final study of the current programme of research the focus was ofrignale
context that triggers execution of the intention. While previous studiksed a
prospective memory video procedure to assess prospective memory in easht-ba
retrieval contexts where the intended task is performed in responsepgrifics
event, the study documented in chapter seven focused on prospective memory i
time-based retrieval contexts where the intended task is perfornaedpaific time

or following the elapse of a specific duration of time. The findings ptede
indicated that cannabis users performed significantly poorer than non-useth in
time-based and event-based prospective memory tasks. As the magnituree of t
effect was greater for time-based prospective memory performance tharefior ev
based prospective memory performance, the findings suggested that tirde-base
prospective memory was particularly susceptible to the psychopharmaablogic

effects of cannabis.
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In relation to event-based prospective memory, the findings of the préaseysd

not support the findings of McHale and Hunt (2008) or Hadjiefthyvowbwal

(2011c) who noted no difference between cannabis users and non-users. The present
findings do, however, corroborate those described in chapter three, chapterdour, an
chapter six of the present thesis which all noted cannabisdealafecits during an
event-based prospective memory video procedure and those of Montgeiraéyn

press) who noted deficits in both time-based and event-based prospeethay

utilising a virtual reality paradigm.

As described above, a potential explanation for this discrepancy retateskt
complexity. In the study by McHale and Hunt, participants were medjuio
remember only one intention while participants in the study by Hdji®ulou et

al. and the study documented in chapter seven were required to remeneker thr
event-based and three time-based intentions. By comparison, the prospective
memay video procedure utilised in previous studies within the present thesis
required participants to remember to carry out seventeen intentions asf part
shopping scenario. It is possible that McHale and Hunt failed t@figdlifferences
because the tasks were too simple. Furthermore, as the study byeMaidaHunt
recruited only eighteen users and the study by Hadjiefthyvailal recruited only
twelve users it is possible that both of these studies lackedisnffower to detect
significant differences, particularly if the effect was smalhdeed, although the
study documented in chapter seven recruited twenty-five users, anatysing
G*Power indicated that, based on a partial eta squared (npz) effect size from previous
studies within the present thesis and a significance level of OBnple size of at

least 65 participants would be required to achieve a minimum power of 0.75.
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In relation to time-based prospective memory, the findings of the presmiyt st
supported the findings of McHale and Hunt (2008) and Montgomteay (in press)

who also reported time-based prospective memory deficits associabedawnabis

use. The findings do not, however, support the findings of Hadjiefthyvaailal
(2011c) published since completion of the empirical studies within the present thesis.
As Hadjiefthyvoulouet al recruited only twelve cannabis users, however, it is likely

that this study lacked sufficient power to detect a significant effect.

The findings documented within chapters four to seven suggested thaffitiis de
observed in current cannabis users recover on cessation of cannabigl ukata
prospective memory in time-based retrieval contexts was more vulndcalihe

effects of cannabis use than retrieval in event-based contexts. Funtbetime
findings presented suggested that these deficits arise as a consequence of problems in
retrieval of the intentions rather than problems in their encoding atdttibse
retrieval problems arise as a consequence of failures in cue idétificather than
problems retrieving the task to be performed. The findings presented found no
evidence that the prospective memory deficits observed were relatssl nomber

of joints smoked per week, duration of use, estimated lifetime consungptiorthe

age at which cannabis use commenced.

8.5 Neurobiology of prospective memory

As discussed in chapter one, studies employing functional neurocimagimgoiees
to determine those regions of the brain activated during the execution ofgbrnaspe
memory tasks have led to a general consensus that prospective nemediated

by brain structures within the anterior (rostral) prefrontal cortex or Baodnarea
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10 (Burgeset al, 2001, 2003; Gilbertt al, 2005; Okudat al, 1998). In addition,
such studies have identified those regions of the brain activated dpeedics

prospective memory processes.

For example, in addition to the consistent pattern of lateral #otivand medial
deactivation in the anterior prefrontal cortex (Brodmann area 10) associttetievi
maintenance and realisation of intentions, Simetnal (2006) noted a less lateral
bilateral activation of the anterior prefrontal cortex (Brodmann area 10) dheng
retrieval of the intended task (intention retrieval) and activationhef medial
anterior prefrontal cortex (Brodmann area 10) and the anterior cingulate cortex
(Brodmann area 32/11 and 25) during recognition of the appropriate retrieval context

(cue identification).

The findings of the study documented in chapter six suggested that trebisann
related prospective memory deficits observed during the prospective meicheoy
procedure were attributable to failures in the recognition of the appropuatéo
perform the prospective memory task rather than to failures in the attagthe

task to be performed. These findings therefore suggest that cansalmsay exert a
detrimental impact within the medial anterior prefrontal cortex (Broumaea 10)
and/or the anterior cingulate cortex (Brodmann area 32/11 and 25). As the anterior
cingulate cortex is also implicated in inhibition (Battisti al, 2010; Gruber and
Yurgelun-Todd, 2005), the present findings may reflect an inability to Biéct
inhibit attention to distracting stimuli in the environment causinginlévsidual to

miss relevant cues.

145



In addition, Okudeaet al (2007) noted activation in the anterior medial frontal lobe
(Brodmann area 10), anterior cingulate gyrus (Brodmann area 32/10) and right
superior frontal gyrus (Brodmann area 9/10) during time-based prospective memory
tasks while activations in the lateral left superior gyrus (Brodmarea 10) and
deactivation bilaterally in the medial frontal lobe and anterior catgutortex were

noted during event-based prospective memory tasks.

The findings of the study documented in chapter seven suggested that sede-ba
prospective memory may be more susceptible than event-based prospecticey

to the effects of cannabis use. These findings therefore suggest tlaitéher
medial frontal lobe (Brodmann area 10), the anterior cingulate gyrus (Brodmann area
32/10) and/or the right superior frontal gyrus (Brodmann area 9/10) may be

particularly susceptible to the deleterious effects of cannabis use.

8.6 Neurobiological vulnerability to cannabis use

The deficits observed in the studies presented within this thesisstubgt cannabis

use disrupts prospective memory processes. Cannabinoid receptors are known to be
widely distributed throughout the central nervous system with highest ccatcamr

being found in the cerebral cortex and hippocampus (Egertova and Elphick, 2000;
Glasset al., 1997; Herkenhamat al, 1990, 1991), including the prefrontal cortices

and hippocampal formation implicated in the execution of prospective memory
(Burgesset al, 2001, 2003; Gilbertt al, 2005; Okudat al, 1998, 2007; Simort

al., 2006). The precise mechanism by which cannabis impairs prospectivaynem
processes remains unknown although several potential explanations have been

proposed.
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One potential explanation is that disruption to prospective memory pesaess/ be
mediated through structural abnormalities associated with frequent, hemgba

use. Evidence for this position from studies utilising structuralneisg resonance
imaging, however, is somewhat equivocal. For example, research has hraited t
commencement of cannabis use before the age of 17 years is associated with reduced
cortical gray matter volume and increased white matter volumed¢wét al, 2000)

and that age of first use predicts enlarged tissue volume in thgdatay(YUcelet

al., 2006) while increasing duration of cannabis use in heavy cannabis users is
associated with reduced amygdala volumes (Yéteall, 2008). Research has also
noted that, compared to non-users, cannabis users exhibited altered tisstyeirde

both white and gray matter, specifically in hippocampal regions (Denairetkal,

2011; Matochiket al, 2005) which may be associated with neuronal apoptosis
(Chanet al 1998) and that this reduced hippocampal tissue volume is associated
with increasing duration of cannabis use (Yueehl, 2006, 2008). Furthermore,
cannabis use is associated with increased mean diffusivity inotipeis callosum
suggesting the presence of structural abnormalities which interruphwaication
between the cerebral hemispheres (Arnone, Barrick, Chengappa, Mackay,dlark a
Abou-Saleh, 2008). Other studies, however, have found no evidence of alterations to

tissue volume (Bloclkt al, 2000; Jageet al, 2007).

A second potential explanation is that disruption to prospective meunargsses is
mediated through haemodynamic changes associated with frequent, heavyscannabi
use. For example, positron emission tomography and functional magnetic resonanc
imaging techniques have provided evidence of altered regional cebéddl flow

in the prefrontal cortices and hippocampus in cannabis users compared t@rson-us
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(Beckeret al, 2010; Blocket al, 2002; Bollaet al, 2005; Eldrethet al, 2004;
Gruber and Yurgelun-Todd, 2005; Jacobsstnal, 2004; Jageret al, 2007,
Kanayameet al, 2004; Lundqviskt al, 2001; Nestoet al, 2008; Schweinsburet
al., 2008; Sneideet al, 2006, 2008). This suggests that cannabis use may interfere
with cortical metabolism in those regions implicated in the @xat of prospective

memory tasks.

Alternatively, since the cannabinoid receptors are located on pre-syr@eqon
terminals (Ameri, 1999; Egertova and Elphick, 2000; Katenaal, 2000) it is
possible that the observed deficits are a consequence of modulation of those
neurotransmitters associated with memory. Famgfe, in rats, exposure to &°-
tetrahydrocannabinol decreases extracellular levels of y-aminobutyric acid (GABA)

and increases extracellular levels of dopamine and glutamate prefinental cortex
(Pistis, Ferraro, Pira, Flore, Tanganelli, Gessa and Devoto, 2002) whilangduc
extracellular concentrations of acetylcholine in the hippocampus (Navaa, Cart
Colombo and Gessa, 2001). In humans, exposure to &°-tetrahydrocannabinol reduces

y-aminobutyric acid release in hippocampal interneurons (Katbag 2000).

In relation to these three postulated mechanisms, the findings dotadrin chapter

four which suggested that the prospective memory deficits observed imtcurre
cannabis users recover following cessation of use appear to support the notion of
transient effects such as alterations in regional cerebral blood floora
neurotransmission rather than more permanent structural abnormalities. It is
important to note, however, that prospective memory performance of the previous

users in this study had not been assessed prior to their cessation oflusdsa
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therefore possible that these participants may have exhibited feweitsddtiring

their period of cannabis use. Furthermore, those classified as previous users wh
disclosed information relating to their cannabis use (30.23%) indicatedhématise

had been light and of relatively short duration (76.92% smoked one joint or tess pe
week and all had used cannabis for three years or less). It is pptsoefore, that

any deficits incurred as a consequence of cannabis use were not sufficientlftsevere

induce permanent structural damage.

8.7 Suscenptibility of prospective memory to the effects of mood

Previous research has presented evidence of differential effects of mood upon
prospective memory. Specifically, deficits in event-based prospeugweory have

been associated with heightened anxiety states (Harris and MenziesK1iegél

and Jager, 2006) while deficits in time-based prospective memory have been
associated with depression (Kliegel and Jager, 2006; Rudd, 1999). This
literature formed the basis of the rationale within the presesisthe consider the

potential effect of mood on prospective memory task performance.

The studies documented within the present thesis found no evidence dbasbkip
between the event-based prospective memory and anxiety acrosstheystifdies.

In addition, only one study noted a relationship between event-based praspectiv
memory and depression, the effect of which was removed following correction for
multiple outcomes. Only one study explored the relationship betweenbased
prospective memory and mood and this study found no relationship between time-
based prospective memory and either anxiety or depression. It would appear

therefore that anxiety and depression have little effect on prospective memory.
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8.8 Limitations and future research

Titov and Knight (2000, 2001) have shown video procedures for the assessment of
prospective memory to be reliable and ecologically valid measuries whow high
predictive validity within-vivo prospective memory performance. Data presented
within this thesis provides further evidence that the prospectivamonyevideo
procedure provides an objective measure of prospective memory which derelia
and which is not prone to ceiling effects in non-clinical populations witld m
memory deficits. The utilisation of such procedures, however, is not without
limitations. For example, while the number of intentions to be remembered
enhanced the reliability and the sensitivity of the task, it has hegued that this
places a heavy retrospective memory load on the individual (Phillips;yHad
Martin, 2008) and risks the task becoming a vigilance task (Ellikaaudilashvili,
2000; Maylor, 2008). Kelemen, Weinberg, Alford, Mulvey and Kaeochinda (2006),
however, argue that increasing the number of prospective memory togstsot

alter the nature of the task.

Furthermore, the prospective memory video procedure has a heavy associative
learning component as a consequence of necessitating the encodingnbéeseve
locations and their associated tasks. This may be important witbircurrent
context because research has noted cannabis-related deficitseith gssociative
learning (Bollaet al 2002; Croftet al, 2001). In addition, although some studies
have found no deficits in associative learning associated with carumsdiFisk and
Montgomery, 2008; Harvegt al, 2007) other research has pointed to alterations in
neural metabolism during associative learning encoding even in thacabsé

performance deficits (Becket al, 2010; Jageet al, 2007; Nestoet al, 2008).
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In addition, some theorists have argued that the task does not contairugesgnc
on-going task that must be interrupted and therefore does not megite¢ha for a
prospective memory task (Ellis and Kvavilashvili, 2000; McDaniel angstEin,
2007). The lack of a concurrent task potentially allows participanthearse the
intentions to be remembered during the task. In the real-world, however, natural
distractions often take the place of an explicit on-going task. Indleedyirtual

Week (Rendell and Craik, 2000) does not require participants to engage in an on-
going task as the authors argue that the design of the tasichsthat it reflects
typical activities. In order to mitigate this criticism, hawe future research
paradigms wishing to employ such video procedures may wish to develop an
ecologically valid concurrent task. For example, having participastess the
aesthetic qualities of the shops passed (Farrimond, Knight and Titov, 2006), c

the number of bicycles and strollers (McDermott and Knight, 2004), or listen to a
concurrent radio news bulletin (Potvin, Rouleau, Audy, Charbonneau and Giguére,
2010) provides opportunities for participants to become engrossed within an on-
going activity and prevent potential rehearsal of the intentionsurd-uesearch
paradigms may also wish to manipulate the level of distractidninsihe simulated
ervironment and to explore different environments, for example, an office or factory,

a university campus or a hospital ward.

Although the present protocol for the prospective memory video procedure egiterat
the task instructions and asked participants to verify that they toodénwhat was
required, it was felt that the timeframe between presentation ohthetions and
commencement of the task was too short and did not replicate real-Wwopgirsg

scenarios. Future research paradigms could, for example, include an additiona
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segment of video simulating the journey to the shopping area (Knight, Hanaett
Titov, 2005; Titov and Knight, 2001) in order to more accurately reflect reddw
situations. A further limitation of the video procedure is that passage thtbag
task is governed by the researcher with little interaction from thigiparit. Virtual
reality tasks such as the Removal Task (Brooks, Rose, Potter, Jayawardena
Morling, 2004), Virtual Street (Titov and Knight, 2005) and JAAM (Jansari, Agnew,

Akesson and Murphy, 2004) may help to mitigate both of these limitations.

In a pilot study, Titov and Knight (2001) noted that the inclusion of concurreet ti
based tasks distracted participants such that they ignored one téskperforming
the other. The decision was therefore taken not to include time-tzsdesdwiithin
the current prospective memory video procedure paradigm. This limitotitent
validity of the task and future research paradigms may wish to incorporege t
based tasks in order to more fully encompass the range of tasks asswotiated

prospective remembering.

Despite being a commercially available validated measure of generalisetyamd
symptoms of loss of interest and diminished pleasure aspects of depréssion,
depression scale of the Hospital Anxiety and Depression Scale (Snadigamahd,
1994) utilised within the present programme of research consistenkgdlaan
acceptable level of reliability. This was somewhat surprisiagBjelland, Dahl,
Haug and Neckelmann (2002) in a review of studies assessing the reliabiit
validity of this scale noted that most factor analyses demonstitagedppropriate
two factor solution and internal consistency statistics between 0.68 anfbOtBa

anxiety scale and between 0.67 and 0.90 for the depression gcaléronbach’s
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alpha is dependent upon the number of items (Cortina, 1993; Streiner, 2003), this
may be due to the low number of items contained within the task. \‘dowas the
anxiety scale which comprises the same number of items did not &uffe this
problem then this may need closer inspection. As this measure \pag/edin the
current research only to ensure no significant differences between the dheups,
low reliability coefficient was less critical than would be reggdifer clinical
decisions. Future research paradigms, however, may wish to considsngutin

alternative measure.

Since the Hospital Anxiety and Depression Scale was administesedds the end
of each of the testing sessions, it is possible that any anxietyiengexl by
participants in the lead up to their participation may have dissipgtdte time they
completed the scale due to having completed most of the testde Wikiapplies
equally to both cannabis users and non-users it is possible that segrhave been
affected. Future research paradigms may wish to consider assessing motal prior

the commencement of testing.

The present thesis made the assumption that, as all participahtsh@vexception

of those recruited to the study documented in chapter seven) were upiversit
undergraduates and had met the entry requirements of their programme, 1Q would be
similar across groups. This assumption may not be truly accurate amd fut

paradigms should consider matching participants on IQ.

The studies documented within the present thesis primarily comprised cannabis users

with light use and relatively short duration of use. Future research pasadiggn
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therefore wish to extend the current protocol to include participanthegttier and

more prolonged use to ascertain whether longer-term use is more dgdtitoe
prospective memory processes than short-term use. In addition, the purity and
strength of the cannabis preparations used by the participants was mointake
account in the present studies. This may be important becausposgsible that
those participants who smoke preparations containing greater quantitids of
tetrahydrocannabinol may experience more severe impairments than those who
smoke preparations containing smaller quantities. This could be taken i
consideration when gathering recreational drug use information although thizema
difficult to achieve in practice as most users will tend to conswhregever can be
sourced at the time. Consequently, as was the case in the currentnpneged
research, many users will not be aware of the particular straimoblis being used

and also the strain being used may differ from one use to another.

Studies within the present thesis were also limited by the aiidis of a quasi-
experimental design. Such an approach was necessary as it wouldetioichky
responsible, given the psychoactive nature of cannabis, to randomly ahocate
users. However, non-random allocation on the basis of a pre-existing ehatiact
introduces the potential for other pre-existing differences to confound the findings.
Furthermore, the recruitment of undergraduates undermines the ability to generali
the findings beyond the undergraduate population. Many chronic cannabis using
adolescents disengage from education and this may explain the phttarmmabis

use observed with predominantly low dose and short duration of use.
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The programme of research undertaken within the present thesis was ndtdndde
this led to two important limitations. Firstly, it meant thatveis not possible to
employ biological measures of cannabis use and abstinence. This may ha
impacted upon the reliability of dose-related analyses from self-repestechates of

use. Secondly, it meant that it was not possible to employ neuroignagihniques

to ascertain the neurobiological vulnerability of prospective memory gseseto
cannabis use. Instead, the conclusions drawn from the presento$dimesngs in
relation to the impact of cannabis use on neurobiological processes unihgrpinn
prospective memory are somewhat speculative due to the reliaaceeview of the
literature exploring the neurobiology of prospective memory in healthy acts a
the literature exploring the neurobiological vulnerability to cannabés uSuture
paradigms which are not subjected to the financial constraints incurres pnetbent
programme of research may wish to extend the current protocol to incorporate
neuroimaging techniques such as positron emission tomography and functional
magnetic resonance imaging to explore the pattern of haemodynamic changes

associated with prospective memory in cannabis users.

Executive processes can be categorised functionally into processé®d eigu
planning, attention switching (set-shifting), monitoring and updating of infoomati

and inhibition of responses (Miyake, Friedman, Emerson, Witzki, Howerter and
Wager, 2000). As neuroimaging studies have revealed that executivieriurgis
subserved by prefrontal and parietal regions (Collette and Van der Linden, 2002;
Collette, Van der Linden, Laureys, Delfiore, Degueldre, Luxen and Salmon, 2005;
Wager and Smith, 2003) it seems reasonable to presume that deficitspecpues

memory are underpinned by deficits in executive functioning. Indeed, research ha

155



indicated that the successful realisation of intentions relies on exeqrtcesses
particularly in relation to planning and monitoring (Kliegel, Altgassdering and

Rose, 2011, Kliegel, Eschen and Thone-Otto, 2004; Kopp and Thone-Otto, 2003;
Marsh and Hicks, 1998; Martin, Kliegel and McDaniel, 2003). Although previous
research has suggested that cannabis use has a detrimertaloeffexecutive
functioning (Battistiet al, 2010; Bollaet al, 2002; Bollaet al, 2005; Croftet al,

2001; McHale and Hunt, 2008; Medirgt, al, 2007; Messinigt al, 2006; Solowij

et al, 2002; Whitlow et al, 2004) these studies did not examine prospective
memory. Although Fisk and Montgomery (2008) assessed executive processes,
associative learning and prospective memory in the same cohort, they rfound
significant differences between cannabis users and non-users in asHueiative
learning or executive functioning despite finding self-reported evidence of
prospective memory deficits. Two possible conclusions can be drawn frem thi
either the cannabis users exaggerated the extent of their problercsraseguence

of their perceptions about the impact of the drug (stereotype threat) or theivexec
function tasks utilised lacked ecological validity in terms of thpplication to real-

world performance. Future research paradigms may therefore wish to employ more
ecologically valid measures of executive functioning in order tor@scghe extent

to which executive functioning deficits subserve prospective memoryitdeiinc

cannabis users.

8.9 Conclusions
The present thesis documents a series of quasi-experimental stadipariag
cannabis users and non-users in order to examine the effect of cannabis use

prospective memory and explore the nature of any deficits observed ireuptatid
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better understand the mechanisms underpinning the effects of cannabis use. The
findings across all of the studies documented suggested that cannabigensm, e
relatively light users with short duration of use, has a detrimentattetie
prospective memory in young adults although users did not appear to bechware
these deficits. In addition, the findings presented suggested that the deficitedbserv
in current cannabis users recover on cessation of cannabis use atntidHzdsed
prospective memory was more vulnerable to the effects of cannabis nsevém-

based prospective memory. Furthermore, the findings presented suggestedé¢hat the
deficits arise as a consequence of problems in retrieval of theiame rather than
problems in their encoding and that these retrieval problems arisecaseguence

of failures in cue identification rather than problems retrieving the taske
performed. The findings presented found no evidence that the prospective memory
deficits observed were related to the number of joints smoked per week, dofation
use, estimated lifetime consumption or to the age at which cannabismisenced.
Although the scale of the deficits appeared trivial with cannaleiss ugcalling, on
average, only two items fewer than non-users, the magnitude of thé¢ wtsc
moderate suggesting practical significance, particularly addheits were observed

in independent cohorts comprising cannabis users with light use andelglatiort

duration of use.
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Appendix A: Prospective Memory Video Procedure

A list of locations and associated tasks will be read out to you. Without writing
anything down while the list is being read you are to try to remember as many of these
as you can. A short video will then be played during which you will see the locations
where you have been asked to perform a particular task. When you see an appropriate
location cue, write the location and the task on the response sheet provided. Do you
have any questions?

Location Associated Action
At the Link What instrument is the man playing?
At the Orange shop Buy a £10 top-up voucher

When the man asking for change Check your pockets for 20p

At Dixon's Ask the price of Play Station 2
At the picture stall Who is the famous bear?
At Halifax Check whether your loan cheque has cleared

The first man pushing a pushchair | Use your mobile to send a text

At WH Smith Ask if there are any job vacancies

At the flower stall What colour is the stall's roof?

At Burger King Buy a milkshake

At Boots What is the boy wearing on his face?

At Thornton's Buy a bag of toffee

At the mobile phone stall Ask for directions to the station

The woman sitting on the bench Ask her the time

At H Samuel Buy a watch battery

At Wallis How many phone boxes are there outside?
At HMV Buy a CD
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Appendix B: Prospective Memory Questionnaire (Hannoret al., 1995)

Section A

For each item, circle the position along the scale that best indicates your forgetting during the indicated
time interval. For example, if you forgot to water your plants approximately 3 times in the last month you
would respond as indicated below:

In the last month I forgot to water my plants:

Y Y TR S @ W - NA
never twice 4 or more times

If an item does not apply to you during the specified time please circle NA next to the item. For example, if
you have no plants you would respond as indicated below:

In the last month I forgot to water my plants:
| | | | | | | | |
|===== |===== |===== |===== |===== |===== |===== |===== I
never twice 4 or more times

Please be sure to respond to each question and answer to the best of your knowledge.

1. Inthe last month I missed appointments I had scheduled:

Oy S Y Y TR NA
never 3 times 6 or more times
2. Inthe last month I forgot to follow a change in my usual routine:
R O S S TS R NA
never twice 4 or more times
3. Inthe last year I forgot to send a card for a birthday or anniversary:
R Y T Y N NA
never 3 times 6 or more fimes
4. Inthe last week I forgot to make an important phone call:
S Oy R N Y OO NA
never twice 4 or more times
5. Inthe last month I told someone something that I did not mean to tell:
Y O S T TR R NA
never twice 4 or more times
6. Inthe last month I forgot to return something I borrowed:
N A S Y R S NA
never twice 4 or more times
7. Inthe last week I forgot to pick up items I needed when shopping:
Oy S Y YT NA
never twice 4 or more times
8. Inthe last week I forgot to meet a friend on time:
Y S S TR R NA
never twice 4 or more times
9. Inthe last week I forgot fo pass on a message to someone
T R N S Y S S—" NA
never twice 4 or more times
10. In the last week I forgot to run an errand I meant o do:
Oy S Y Y TR NA

hever 3 times 6 or more times
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

In the last week I forgot to return a phone call:

S Sy RS O S TS S N NA
never twice 4 or more times

In the last month I forgot to make an appointment I needed to make (e.g., doctor or dentist):

YR Y U TR Y . NA
never twice 4 or more times
In the last month T forgot to write an important letter:
R S Y Y O NA
never twice 4 or more times
In the last month T forgot to return books to the library by the due date:
YR O Y TR Y NA
never twice 4 or more times
In the last month I forgot to tip when I finished dinner at a restaurant:
R S Y Y Y NA
never twice 4 or more times
In the last week I forgot to turn my alarm clock off when I got up in the morning:
YR Y Y TR Y . NA
never Twice 4 or more times
In the last week I forgot to lock the door when leaving my apartment or house:
YR O Y TR Y NA
never twice 4 or more times
In the last month I forgot to take my keys out of my car before locking the doors:
Y O Y TR R NA
never twice 4 or more times
In the last week I forgot to button or zip some part of my clothing as I was dressing:
R S Y O Y NA
never Twice 4 or more times
In the last month I forgot to pay the bill when finishing a meal at a restaurant:
YR Y Y TR Y . NA
never twice 4 or more times
In the last month I forgot to put a stamp on a letter before mailing it:
YR Y Y TR Y (N, NA
never twice 4 or more times
In the last week I forgot to comb my hair in the morning:
R S Y Y Y B NA
never twice 4 or more times
In the last week I forgot to put on deodorant after showering or bathing:
YR Y Y TR Y . NA
never twice 4 or more times
In the last week I forgot to flush the toilet:
Y R Y YT Y . NA

never twice 4 or more times
In the last month I forgot to get the groceries out of the car when I got home from the store:

S Sy RS O S Y S N NA
never twice 4 or more times
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. Inthe last week I forgot to lock up my house, bike, or car:
| | | | | | | | |
j===-= j===-= j===== |===== |===== 1===-= |===== |===== 1 NA

RS Ry Ry R S S N NA
never twice 4 or more times

. Inthe last month I forgot to cash or deposit my paycheque before my account ran out of money:

Y O S R R NA

SRS PO SIS O SIS NN SN S NA
never twice 4 or more times

. Inthe last week I forgot to say something important I had in mind at the beginning of a conversation:

SR RSO O Sy S S S NA
never twice 4 or more times

S Y O S TR R NA

R Y R YT N B NA
hever twice 4 or more times

. Inthe last month I forgot to bring something I meant to take with me when leaving the house:

O O O S Y N S NA
never twice 4 or more times
. Inthe last week I got part way through a chore and forgot to finish it:
R R YT N S NA
never twice 4 or more times
In the last month I was driving and temporarily forgot where I was going:
| | I I I I I I I
j=———= === j=—=== |===== |==-== 1===-= |===== |===== [ NA

never twice 4 or more times

. In the last month I dialled someone on the phone and forgot who I had called by the time they
answered:

O O O S Y S S NA
never twice 4 or more times
. Inthe last month I started writing a note or letter and forgot what I wanted to say:
Y O S (U RO NA
never twice 4 or more times
. Inthe last month I started to write a cheque and forgot to whom it was to be paid:
I I I I I I I I I
jm——-= j===-- j===== |===== |===== 1===-= |===-= |===== [ NA

never twice 4 or more times
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Section B
For each item, circle the position along the scale that best indicates the number of times you have used that
particular strategy in the last week.

39. I make lists of things I need to do:

40. T write myself reminder notes:

41. I make agrocery list whenever I go shopping for food:

42. T plan my daily schedule in advance so I will not forget things:

never twice 4 or more times

43. T repeat things I need to do several times to myself in order to remember:

never twice 4 or more times

44. T use external reminders like tying a string around my finger to help me remember to do things:

45. T rehearse things in my mind so I will not forget to do them:

never twice 4 or more times

46. I lay things I need to take with me by the door so I will not forget them:

47. T make post-it (sticky notes) reminders and place them in obvious places:

never twice 4 or more times

48. I create mental pictures to help me remember to do something:

never twice 4 or more times

49. T put things in piles so I know which ones to do first and which can wait:

50. I lay in bed at night and think of things I need to do the next day so I won't forget to do them:

never twice 4 or more times

51. I try to do things at a regular time so I will remember to do them:

never twice 4 or more times

52. T keep an appointment book updated in order to remember to do things:

never twice 4 or more times
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Appendix C: Prospective and Retrospective Memory QuestionnaireJrawford

et al., 2003)

For each item please circle the response that most accurately describes your forgetting. For example, if you
rarely forget something you decide to do in a few minutes time, your response will be:

10.

11.

12.

13.

14.

15.

16.

Never Sometimes Quite Often Very Often

Do you decide to do something in a few minutes' time and then forget to do it?
Never Rarely Sometimes Quite Often Very Often

Do you fail to recognize a place you have visited before?

Never Rarely Sometimes Quite Often Very Often

Do you fail to do something you were supposed to do a few minutes later even though it's there in front
of you, like take a pill or turn off the kettle?

Never Rarely Sometimes Quite Often Very Often

Do you forget something that you were told a few minutes before?
Never Rarely Sometimes Quite Often Very Often

Do you forget appointments if you are not prompted by someone else or by a reminder such as a calendar
or diary?

Never Rarely Sometimes Quite Often Very Often

Do you fail to recognize a character in a radio or television show from scene to scene?

Never Rarely Sometimes Quite Often Very Often
Do you forget to buy something you planned to buy, like a birthday card, even when you see the shop?
Never Rarely Sometimes Quite Often Very Often

Do you fail to recall things that have happened to you in the last few days?
Never Rarely Sometimes Quite Often Very Often

Do you repeat the same story to the same person on different occasions?

Never Rarely Sometimes Quite Often Very Often

Do you intend to take something with you, before leaving a room or going out, but minutes later leave it
behind, even though it's there in front of you?

Never Rarely Sometimes Quite Often Very Often

Do you mislay something that you have just put down, like a magazine or glasses?
Never Rarely Sometimes Quite Often Very Often

Do you fail to mention or give something to a visitor that you were asked to pass on?

Never Rarely Sometimes Quite Often Very Often

Do you look at something without realising you have seen it moments before?
Never Rarely Sometimes Quite Often Very Often

If you tried to contact a friend or relative who was out, would you forget to try again later?

Never Rarely Sometimes Quite Often Very Often

Do you forget what you watched on television the previous day?
Never Rarely Sometimes Quite Often Very Often

Do you forget to tell someone something you had meant to mention a few minutes ago?
Never Rarely Sometimes Quite Often Very Often
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Appendix D: Substance Use Questionnaire

The following questions relate to any substances you may use. Please answer all questions as
truthfully and accurately as you can (remember your answers are completely anonymous).

1

Have you ever drunk alcohol?  Yes O0;  No [, If no please go to question 2

a. How many units do/did you usually drink in an average week (1 unit = 3 pint of beer or
lager, 1 standard glass of wine, 1 measure of spirits or 1 alcopop)?

b. How many years have you been drinking/did you drink alcohol?

c. How long is it since your last alcoholic drink?

Have you ever smoked tobacco? Yes 0O; No [, If no please go to question 3
a. How many cigarettes do/did you usually smoke each week?

b. How many years have you been smoking/did you smoke tobacco?
c. How long is it since your last cigarette?

Have you ever used cannabis? Yes [0; No [, If no please go to question 4

a. What form of cannabis do/did you use? Herbal cannabis/marijuana O,
Cannabis resin/Hashish O,
Cannabis oil Os

b. How often do/did you use cannabis? Less than once per month O,
At least once per month (P}
Weekly Os
Daily Oy

¢. How much cannabis do/did you use (e.g. 20 joints/month)?

d.  What variety of cannabis do/did you use?

e. How many years have you been using/did you use cannabis?

f. How long is it since you last used cannabis?

Have you ever used other recreational drugs? Yes [0; No [, If no please go to end
Which recreational drugs do/did you use?

Frequency of use (daily,

R ional i
ecreationa weekly, monthly, less than | Amount used? Duration of Last use?
drug used? use?
once per month)?
e.g. Ecstasy Less than once per month | 1pill/3 mths 2 years 2 weeks ago

(Please continue overleaf if you need more space)

Thank you for your assistance.
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Appendix E: Recognition Task

Below is a list of locations and tasks to perform at that location, some of which you were asked to remember
as part of the video task and some are not. Please place a tick next to the ones you were asked to remember.

Location Action

Man asking for change Check your pockets for 20p

Clinton Cards What occasion is being advertised?
Pavers Shoes Hand in your CV

Woolworth Buy pick 'n' mix sweets

Wallis How many phone boxes are outside
Boots What is the boy wearing on his face?
Body Shop Buy body lotion

Game Buy PlayStation 2 game

Flower stall What colour is the stalls canopy?
Halifax Check whether loan check has cleared
H Samuel Buy a watch battery

Jessop Price digital cameras

Bonmarche How many phone boxes outside?
Dixons Ask price of PlayStation 2

Woman who says “nice day today” Ask the time

Card Store Ask directions to nearest post box
Flower Stall Buy flowers for your mum

First man with pushchair Use mobile to send a text

Picture stall Who is the famous bear?

Etam Exchange jumper

The Link What instrument is the man playing?
HMV Buy a CD

Girl with dog What colour is the woman's jacket?
Man playing instrument Give him 20p

Woman sitting on bench Ask her the time

Mobile phone stall Ask directions to the station
Burger King Buy a milkshake

Waterstone Buy a £10 book token

Thornton Buy a box of toffees

Tiny How many people are outside?
Newspaper barrow Use mobile to phone a friend

The Orange shop Buy a £10 top-up voucher
Vodafone Buy a £5 top-up voucher

WH Smith Ask about job vacancies
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Appendix F: Breakdown of participation across different studies

Chapter 2a 2b 2c 3 4 5a 5b 6 7
640 -
2a 1057
- 80
45CU
3 45 NU 26 CU | 22CU
43 CU
4 43PU | 24CU | 16 CU
43 NU
5a 20CU | 15CU
30 CU
6 24CU | 17CU 30 NU
25 CU
7 23CU | 20CU 25 NU
Key:

CU = Current cannabis user (within the last year)
PU = Previous cannabis user (at least one year since last use)

NU = Non-user (never used)
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