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Abstract 

Parkinson's disease ( PO) has long been thought of as a debi l itat ing m otor 

d isease: only re lat ively recently has research focused on cognitive fun ct ion ing .  l t  

is now widely accepted that memory processes are among the pr imary cognit ive 

functions to deteriorate in PD. H owever, less is known about the role that task 

var iables (e.g . ,  d ifficu lty) and part icipant characteristics (e . g . ,  gender, d isease 

progression) play in  th is  re lationship .  In  addit ion ,  few studies in the P D  l iterat u re 

have looked at the important issues of statist ical power and the magn itude of 

memory deficits. The present invest igation addressed some of these concerns. 

The fi rst stage involved conduct ing a power analysis, based on 48 stud ies ,  

fo l lowed by a meta-analysis. The meta-analys is inc l uded 32 effect s izes from 

stud ies assessing recognit ion memory in PD .  This analys is paved the way for a 

large-scale study examin ing recogn ition memory in  4 1  nondemented P O  

part ic ipants compared t o  4 1  age- and education-matched healthy controls .  Both 

verbal and nonverbal recogn it ion tasks were specifica l ly designed for th is  

pu rpose, the latter employing two levels of d ifficu lty. I n  add it ion , prospective 

memory (remembering to remember) was examined with two event-based tasks 

because no study to date has l ooked at th is i ssue in PD. The resu lts of the power 

analysis indicated that past research has typica l ly had insufficient stat ist ical 

power to detect al l  but the largest memory deficits. I ntegrat ing the data from many 

stud ies, the meta-analys is suggested that nondemented, medicated P O  

part ic ipants may suffer from smal l  recognit ion deficits. Support was p rovided by 

the  subsequent pr imary study. In addit ion , it was found that the progression of 

memory impai rment operates in paral le l  with the progression of motor symptoms. 

Moreover, task demands interacted with d isease stage, such that nonverbal 

recogn ition deficits were only seen in early-stage PO part ic ipants when the task 

was made more d ifficu lt .  Conversely, advanced-stage part ic ipants produced 

d eficits i rrespective of the level of d ifficu lty. With respect to prospect ive memory, 

o n ly the advanced-stage part ic ipants showed clear evidence of memory 

i mpairment. The main outcome of th is research is that recognit ion memory 

i mpai rment does occu r  in PD.  However,  l ow levels of stat istical power i n  previous 

iii 
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research and moderat ing factors such as symptom severity and task difficu l ty 

have l i ke ly obscured true deficits. 
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Preface 

The work presented here evolved from a review of the l iteratu re on cogn it ive 

deficits in  Parkinson's d isease (PO) focus ing on memory deficits. The review 

i ndicated that it is widely recogn ised that people with PO often suffer from 

cogn it ive dysfunction includ ing memory deficits. However, the exact natu re of 

these deficits is st i l l  under debate. lt a lso became clear that there are 
• 

considerable inconsistencic:(s i n  the  research f indings coupled with l itt le 

con siderat ion for issues of statist ical power, effect size (ES) ,  and cum u lative 

research synthesis. In the PO l i terature, i t  is often reported that recal l  m emory is 

impaired ,  whereas recognit ion memory is relatively intact. H owever,  these reports 

are often based on stud ies with inadequate stat istical power. 

Stat i st ical power is important because stud ies with low stat ist ical power wi l l  have 

l it t le chance of detecting true defic its (effects) when us ing conventional stat ist ical 

s ign if icance test ing (Cohen , 1 988). Moreover, stat istical s ign if icance provides l itt le 

informat ion about the magn itude of any deficit . To interpret an i nd ividua l  study's 

resu lts ,  an alternat ive to stat ist ical s ign if icance testing is  the u se of point 

est imates of ES and confidence inte rvals (Schm idt , 1 992, 1 996), the approach 

adopted in th is thesis .  

To in te rpret the resu lts of m u lt ip le stud ies,  an alternat ive to the t radit ional 

nar rative review is the meta-analysi s. Meta-analysis is a perspective that uses 

object ive techn iques for research synthesis .  l t  is  genera l ly used to produce a 

q uant itative summary of a set of stud ies based on ES rather than sign ificance 

tests (Bangert-Orowns, 1 986; Cooper & Hedges, 1 994) . I n  s ituat ions where a f ield 

of research contains many incons istent resu lts , as judged by s ign ificance tests, 

m eta-ana lysis is  potent ia l ly m ost effective. I n  these circumstances, the statist ical 

techn iques developed by H unter and Schm idt ( 1 990) al low a m eta-analyst to 

decide whether the variance in the resu lts is due to sampl ing error or  possib le 

m oderat i ng  factors . Without quant if icat ion of the resu lts, it is d ifficu lt ,  if not 

xiv 
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impossib le in m ost s it uat ions ,  for a n arrative review to ach ieve th is. Above a l l ,  

m eta-analysis mainta i ns  a l l  o f  the qual it ies of the t radit ional l iterary format, but  

a lso provides a process for j udging whether a set of studies produced consistent 

resu lts. 

XV 

The main purpose of the present research , then , was to exam ine memory deficits, 

more spec ifica l ly recogn it ion memory deficits, in PD .  A meta-analyt ical review and 

a power analys is paved the way for  a large-sca le  experimental invest igat ion of 

recogn it ion memory impairment in PD.  In addit ion ,  the study was designed to look 

at p rospect ive memory,  a topic that has not been exam ined in people with PD .  

Th is investigat ion a lso assessed a range of poss ib le m oderat ing factors that m ight 

interact with the d isease process itself to br ing about any observed memory 

def icits. 

l t  shou ld be noted that the meta-analytical data reported here are only a subset of 

what were orig ina l ly co l lected. The complete data set includes ESs calcu lated 

from over 1 00 stud ies that used reca l l  and/or recogn ition m emory tasks. However, 

to l im it the focus  of the present investigation , on ly  the recogn ition memory data 

were analysed and reported here. 

Th is d issertation is  u nconventional in  the sense that statist ical power and ES are 

used extensively in  the i nterpretat ion of both past and present research find ings ,  

rather than stat ist ical s ign i f icance. F u rther j ustif icat ion for th is  approach is  g iven 

both in chapter 2 and in chapter 4. I n  my opin ion ,  because the present work ( l i ke 

m ost current psychological research) is exploratory, noth ing is lost by taking th is  

approach . In fact , as demonstrated in  chapter 4 ,  interesting effects wou ld have 

been d iscarded had th is approach n ot been taken .  

F inal ly, a planned comparison approach with s imple effects tests was used to  

examine the infl uence o f  potential m oderat ing var iables at two different 

experimental sessions.  I n  retrospect, a m ult ivariate approach , such as m u lt ip le 

regression , cou ld have been taken instead. H owever ,  as d iscussed in  chapter 4, 
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the composit ion of the sample varied as a function of t ime .  Therefore, a 

m u lt ivar iate analysis wou ld  have been comp l icated by d ifferences between 

sess ions .  

Organisation of this Dissertation 

Th is  d issertat ion consists of fou r  chapters . Chapter 1 i ncl udes s ix major sect ions  

that provide a genera l  overview of PD  and the known cogn it ive deficits , 

recognition memory, prospective m emory, m emory systems ,  and concl udes with a 

summary and rat ionale for conduct ing a power analys is  and a meta-ana lysis on 

the PD  l iteratu re. 

Chapter 2 contains  the statist ical power analysis and the m eta-analysis. l t  has 

fou r  major  sect ions deta i l ing the issues and rat ionale, the m ethods used, the 

resu lts, and a d iscuss ion .  (Note that substant ive parts of the method, resu lts , and 

d iscussion have been accepted for  pub l ication .  A copy of  the a rt ic le ( in  press) is  

p rovided in  Append ix U. )  

Chapter 3 has fou r  m ajor sect ions detai l i ng  the experim ental rat ionale, the 

m ethods u sed, the resu lts, and a d iscussion of the resu lts. 

F ina l ly, chapter 4 p rovides a general discussion of the p resent research , i nc lud ing 

its l im itat ions and futu re d i rect ions ,  and a genera l  conc lus ion .  
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CHAPTER 1 

I NTRODUCTION 

Overview of Parkinson's Disease 

Parkinson's disease (PO) takes its name from James Parkinson who provided the 

fo l lowing cl in ica l  description of th is neu rodegenerative d isorder that he label led 

Paralysis Agitans, over 1 80 years ago: 

Invo luntary tremu lous  mot ion, with lessened m uscu lar  power, in parts not in  

action and even when supported; with a p ropensity to bend the t runk 

forwards,  and to pass from a walk ing to a runn ing pace: the senses and 

inte l lect being un inju red. ( Parkinson, 1 8 1 7/ 1 955 , p .  1 53) 

Despite Parkinson 's c la im that the d isease affected m otor funct ions but left the 

intel lect intact , a number of early authors noted that some patients s uffered from 

cogn it ive d istu rbances (e. g . ,  Bal l ,  1 882; Charcot & V u lpian, 1 86 1 ; Gowers, 1 899; 

al l c ited in Dubois, Boi ler ,  Pi lion , & Agid, 1 991  ). H owever, over the i nterven ing 

years s ince Parkinson's descript ion of PO the major research focus has been on 

the motor symptoms. In th is respect ,  a m ajor breakth rough was made in the 1 960s 

with the d iscovery of g reatly reduced dopamine leve ls  in the putamen, caudate 

nucleus, and s ubstantia n ig ra in P O  pat ients (Schneider, 1 993) (see Figu re 1 ) .  

Th is led t o  the treatment of PO with dopam ine replacement therapy, and 

eventual ly to other drugs such as dopamine agon ists (Schneider, 1 993) . 

Another important d iscovery occurred in the 1 980s when it was found that a 

meperid ine analogue cal led 1 -methyl-4-phenyl- 1 ,2 ,3 , 6-tetrahydropyrid ine ( MPTP) 
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reproduced the major pathology of PD and resu lted i n  parkinson ian-type 

symptoms (Schneider, 1 993) . Th is  f ind ing  st im u lated a resurgence in research 

activity that has cont inued to th is  day. However, i t  has become clear that the 

t reatment of  P D  has not been s uccessfu l in  a l leviat ing the cogn itive symptom s  of  

th is  d isorder. These cognit ive deficits wi l l  be the focus of  the review that fol lows. 

However, the cognit ive symptoms do not occur  in complete isolation from the 

physical symptoms,  so the neu rolog ical p rofi le of  P D  wi l l  be briefly i nt roduced 

fi rst. The review a lso provides an overview of memory systems, and a summary of 

recogn it ion memory models and m easu res .  

������} . stnatum 
1/h·���-++--="----:L- putamen 

��:-::::fti,:.::-....-+f-"........_---:r� globus 
pallidus 

nigra 
thalamus 

Figure 1. A coronal sect ion th rough the normal  human brain showing the l ocation 
of the m ajor brain structures involved in Park inson's d isease. From "The B rain: 
Degeneration , Damage and D isorder" by J. Metcalfe, 1 998, p .  1 1 0. Copyright 
1 998 by The Open Un iversity. 
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Parkinsonism 

Current ly, it i s  recogn ised that PD includes a n u m ber of d iseases and synd romes 

that share some of the  same physical sym ptoms (Hopfensperger & Kol ler, 1 99 1  ) . 

Hopfensperger and Kol le r  categorised parkinson ism i nto several d ifferent types: 

(a) Park inson's d isease ( id iopath ic park inson ism), (b) "park inson ism plus" 

syndromes (neuronal system degenerat ion with variable parkinson ian featu res, 

but m in imal tremor), such as progressive supranuclear palsy, and (c) secondary 

parkinsonism (disorder other than PD, but  with parkinson ian featu res), s uch as 

postinfect ious d iseases (e .g ., Von Economo's d isease), drug induced (e .g . ,  from 

neuro leptics), toxin induced (e.g., M PTP), accompanying hered itary d iseases 

(e.g., Hunt ington's d isease), accompanying other  cond it ions (e.g ., Alzhe imer' s  

d isease), and  in the  elderly (some park insonian featu res such as stooped postu re, 

shuffl ing gait, and postu ra l  instab i l ity) . Although these d ifferent types of 

park inson ism share some common tra its, there are important d ifferences. The 

present d issertation wi l l  focus on on ly the id iopath ic form of Parkinson's d isease. 

Symptoms 

The card ina l  motor s igns of PD are tremor, r ig id ity, akinesia /bradykinesia, and 

postu ra l  instabi l ity (Bakheit, 1 995; Stacy & Jankovic, 1 992; Wooten, 1 984) . Hoehn 

and Yah r ( 1 967) exam ined 1 83 cases of  id iopath ic P D  and found that in  70.5% 

t remor was the in it ia l symptom ; 1 0% were free from tremor and 1 0% were free 

from r ig id ity. The t remor  of PD is m ost p rominent at rest and often involves a "pi l l ­

rol l ing" m ovement of the thumb and forefinger, with a frequency of about 3 to 6 Hz 

(Hopfensperger & Kol ler, 1 991  ) .  Tremor  may a lso be present in  the l imbs, jaw, 

and tongue, but often stops when a person makes a vol untary m ovement (Lezak, 

1 995) .  R ig id ity of the l imbs and trunk is  common and m ay take on a consistent 

feel (leadpipe rigidity) or an incons istent, jerky feel (cogwheel rigidity) (Kn ight, 

1 992) .  M uscu lar r ig id ity produces the character ist ic stooped postu re and 

expression less (maskl i ke) face (Kn ight, 1 992) .  B radykinesia is character ised by 
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s lowness and poverty of voluntary m ovement and akinesia invo lves a d iff icu lty 

i n it iat ing m ovement (Lezak, 1 995) .  Postu ral  i nstab i l ity man ifests as poor ba lance 

and a s lowed shuffl ing gait (Wooten ,  1 984) . A number  of nonmotor symptoms a lso 

occu r in  PD. Kol ler ( 1 992a) suggested that such problems include subject ive 

sensory and olfactory dysfunct ion, depression, dement ia, and autonom ic nervous  

system d istu rbances (e.g . ,  constipat ion,  sexual  dysfunct ion, dermatit is, sweat ing ,  

and u rinary p roblems) .  

Symptom onset :s insid ious;  m otor s igns are in i t ia l ly i rregu lar and p rogression can 

be s low (Kol ler ,  1 992b) . General ly, rest ing tremor  and r ig id ity and/or bradyk ines ia 

p resent early, wh i le m id- l ine featu res , d istu rbances of gait ,  speech , phonat ion ,  

and r ight ing reflexes develop later (Bakheit ,  1 995) . However, the c l in ical cou rse i s  

h igh ly  var iable and  there i s  substant ia l  heterogeneity o f  the  c l in ical features 

(Ko l ler, 1 992a) . For exam ple, Kol ler ( 1 992a) l isted age at onset, p resence of 

m otor man ifestations, presence of nonmotor man ifestations, c l in i ca l  cou rse, 

responsiveness to drug therapy, and adverse react ions to drug therapy as 

featu res contr ibut ing to the heterogeneity of PD .  

D isease stage o r  severity i s  comm on ly rated by  means o f  Hoehn and  Yahr's 

( 1 967) 5-stage scale (H& Y) ,  o r, increas ing ly, by the Un ified Park inson's D isease 

Rat ing Scale (van H i lten , van der Zwan, Zwinderm an, & Roos, 1 994) . The l atter i s  

mo re comprehens ive, cons ist ing o f  both a motor exam scored by  a phys ician , and 

a self- report d isabi l ity scale .  

Epidemiology 

The symptoms  of PD usua l ly  appear in the s ixth decade - between the ages of 5 1  

a n d  6 0  (Schwab, 1 960); however, about 5 %  of pat ients present before age 40 

(Ko l ler ,  1 993) .  Martt i la  and R inne ( 1 98 1  ), s ummar is ing the resu lts of 1 1  studies 

that examined p reva lence and incidence rates of PD, found that among wh ite 

races there is an average of 1 00 affected per 1 00,000 popu lation. The preva lence 
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rate is approximately equal in males and fema les. After the age of 50 the 

prevalence of PO rapid ly increases up to the age group of 70 to 79 years. 

Prevalence in th is older group ranges from 300 to 1 800 per 1 00 ,000 popu lat ion .  

S im i larly, inc idence rates increase rapidly after the age of 40 years. The h ighest 

f igu res were found in the 70 to 79 year old age g roup with a wide range of 

est imates, from 53 to 229 per 1 00,000 popu lat ion . 

5 

The rel at ive r isk of mortal ity in  P O  is th ree t imes that of the general popu lat ion 

and inGs::eases markedly after age 65 (Hoehn & Yahr, 1 967; Ka lat, 1 998) . The 

death rate from causes related to PO is also g reater in  males than in females 

(Ku rtzke & M u rphy, 1 990) . F inal ly, the rate of mortal ity is  less i n  those pat ients 

who develop t remor  as the i r  i n it ia l  symptom as opposed to r ig id ity or bradykinesia .  

Pathophysiology 

Recent evidence suggests that P O  beg ins some 5 years before the card ina l  

symptoms f i rst appear (Markham & D iamond, 1 993), after the loss of 70-80% of 

the dopam inerg ic neurons in the s ubstant ia n ig ra pars compacta (Brown & 

Marsden, 1 990; Ka lat, 1 998) (see F igu re 1 ) . Th is  loss of neu rons causes a 

d isrupt ion of the dopam inergic n ig rostriatal pathway. Symptoms  then develop 

after approx imately a 85% reduct ion of dopam ine levels in  the putamen (the m otor 

part of the striatum) ,  and around a 75% reduct ion of dopamine  in the caudate 

nuc leus (one of the "cognit ive" areas of the striatum)  (Testa ,  Brumback, Baik, 

Leech , & Cannon, 1 998) . Th is in  t u rn d i s rupts the output from the g lobus pal l idus 

to the thalam us, wh ich leads to decreased excitation from the tha lam us to the 

cerebra l  cortex (Ka lat, 1 998). Markham and D iamond ( 1 993) a lso described other 

changes wh ich include: (a)  the p resence of rounded eosinoph i l i c  

intracytoplasmatic inc lusions, cal led Lewy bodies; (b) the loss of  the melan in­

conta in ing neu rons in the locus coeru leus  and the dorsal m otor  nucleus of the 

vagus  nerve; and, (c) the loss of neu rons i n  the ventral tegm ental area of the 
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m idbrain ,  the raphe n uc le i  of the brainstem , the s ubstantia innom inata of Meynert, 

and the hypothalam us .  

l t  is less c lear  wh ich changes to the CNS are respons ible for each of  the m otor 

s igns of PD. Wh i le degeneration of the n ig rostriatal dopam ine neurons is  thought 

to underl ie symptoms such as r ig id ity and akinesia, other pathways m ay a lso be 

involved in the pathophys io logy of t remor (R i nne,  1 991 ; but see Delong & 

Wichman,  1 993; G raybiel ,  1 993; Latash & Anson , 1 996) . I n  contrast, reduced 

fL :nct ion ing of the complex loop between the caudate nucleu s  and p refrontal 

cortex, and d isrupt ion of the mesocortical system may contr ibute to cogn it ive 

dysfunct ion (B rown & Marsden, 1 990; Sagar, Atch ison, Doherty, Ba l l ,  & Cooper, 

1 995). The complex loop is thought to have a n u m ber of funct ional  s ubdivis ions 

each p roject ing to a d ifferent cort ical site ( i .e. , dorsolateral p refronta l ,  lateral 

o rb itofronta l ,  and anterior c ingu late c i rcu its) (Brown & Marsden , 1 990) . The 

mesocort ical  system has project ions to certain cort ical areas,  the amygdala,  

septal n uc le i ,  and olfactory tubercle (De Keyser, Herregodts, & Eb inger ,  1 990) . In 

add it ion ,  d is ruption of nondopaminerg ic pathways, such as the ascend ing 

noradrenergic and chol inergic project ions to the frontal cortex, m ay a lso be 

re lated to cogn it ive deficits (G rowdon,  Cork in ,  & Rosen, 1 990; Perry et a l. ,  1 985; 

P i  l ion et a l . , 1 989; Sagar et a l. ,  1 995) .  Specif ical ly, cogn it ive deficits appea r to be 

associated with chol inerg ic neurona l  l oss in the n ucleus basa l is of Meynert and 

media l  septal area of the basal forebrain (Testa et a l . ,  1 998). D u bois et a l .  ( 1 987) 

demonst rated that a subthreshold dose of scopolam ine produ ced specif ic memory 

deficits i n  n ondemented PO part ic ipants. They s uggested that th is  ind icates 

prob lems with the cho l inerg ic pathway. F ina l ly, a number of stud ies have revealed 

nondopam inergic abnormal it ies i nvolving serotonergic neurons in the raphe 

nucleus and GABAergic biochem ical pathways, the consequence of  wh ich 

remains to be clarif ied (G rowdon et a l. ,  1 990; Mah u rin ,  Feher, Nance, Levy, & 

P i rozzolo ,  1 993). 
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Aetiology 

The aet iology of PD is unknown , but there are fou r  prominent hypotheses: the 

accelerated ageing theory, the tox in theory, the genetic theory, and the oxidat ive 

m echanism theory (Jankovic,  1 992) .  Accord ing to the accelerated ageing theory, 

PD is caused by an abnormal acceleration of the normal age- related attr i t ion of 

neurons (Jankovic, 1 992) .  Th is acceleration cou ld  be due to genet ic o r  

envi ronmental factors, o r  a combination of both .  T h e  toxin theory ho lds that 

dopam inergic neurons a re selectively destroyed by an extr ins ic o r  int r ins ic tox in 

(Jankovic, 1 992) . Support comes from epidem iological stud ies that have shown 

that exposu re to ru ral l iv ing ,  wel l  water, pest ic ides, he rbicides, and wood pu lp 

m i l ls are associated with an increased r isk of PD (Oianow & Kol ler ,  1 998) . 

Accord ing to the genetic theory, there could be a genetic def ic iency resu lt ing in  an 

abnormal ly sma l l  number  of substantia  n igra neurons ,  and the m echan isms 

responsib le for  DNA repai r  may a lso be defective (Jankovic ,  1 992) .  F ina l ly, 

accord ing to the oxidative m echan ism theory, abnorm al ly h igh levels of oxygen­

free rad icals are produced dur ing the oxidat ion of dopamine, as a resu lt of 

increased i ron ,  and due to the loss of normal  protective anti-ox idant mechanisms 

(Jankovic ,  1 992) .  These free rad icals can then potent ial ly d isrupt normal  

structu res in  the brain (for a recent review see Youd im & R iederer, 1 997) . 

Whether id iopath ic PD resu lts from an endogenous defect w ith in  the nervous 

system or has an environmental cause is open to speculat ion , but  it is  l ikely that 

there is  a m u lt ifactor ial aet i o logy (Markham & Diamond,  1 993; Marsden , 1 990; 

J ankovic ,  1 992) . 

Diagnosis 

Currently PD m ust be d iagnosed us ing c l in ical c riter ia because a b io logic marker 

has not yet been found (Kol ler, 1 992b) .  I d iopath i c  PD accounts for some 60 to 

80% of park inson ism cases, but d iff icu lty of d iagnosis resu lts in  20 to 30% of 

patients being m isdiagnosed (Larsen,  D upoint , & Tandberg , 1 994) . D iagnosis is  
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compl icated by the lack of a un iversal defin it ion of PD . Typica l ly, researchers 

have d iagnosed PD based on the presence of at least two of the m otor s igns 

(tremor, b radykinesia, and r ig id i ty) , and the exclus ion of other forms of 

parkinson ism (Kol ler, 1 992a) .  To improve matters, several investigators (e. g . ,  

Calne, Snow, & Lee, 1 992; Larsen e t  a l . ,  1 994) have p roposed c l i n ical d iagnost i c  

cr iter ia that can  be  used to  classify pat ients i nto one o f  th ree categories: c l in ica l ly  

def in ite, c l i n i ca l ly  probable, or  c l i n i ca l ly possi ble idiopath ic PD.  Larsen et  a l .  

p roposed that to be classified as having  c l in ica l ly def in ite P D  a pat ient m ust fu lfi l 

a l l  of the fol lowing cr iteria: 

1 .  P resence of resting tremor and at least two of the fol lowing  s igns: (a) 

akinesia/bradykinesia, {b) r ig id ity, and (c) postural abnormal ity. 

2. Un i lateral onset of signs and asymmetrical development of the d isease. 

3. Good to excel lent response to dopam ine agonism . 

4 .  At the onset of the d isease, there shou ld  be an absence of s ign if icant changes 

on computer ised axia l  tomography or m agnet ic resonance imaging ( M R I) other 

than m i ld  d iffuse cort ical atrophy or m i ld  hyperintense periventr icu lar  foci on M R I .  

There shou ld also b e  a n  absence o f  c l i n ical exclus ion cr iter ia l i ke dement ia, 

pyram idal and cerebel lar s igns, and autonom ic fai l u re, which may ind icate other 

neurodegenerative d isorders .  There m ust also be an absence of envi ronmental 

factors, l i ke d rugs and toxic substances, and the absence of a h isto ry of 

encephal i t is that may cause a symptomatic parkinson ism . 

The val id ity of the suggested d iagnostic system has yet to be estab l ished, and 

fut u re evidence wi l l  m ostly l ikely resu lt i n  revised criteria (Larsen et a l . ,  1 994) . 

Moreover, the. ava i lab i l ity and cost of neu ro imag ing faci l i t ies wi l l  l im it the use of 

th is aspect of the d iagnosis, although th is  w i l l  change as access ib i l ity increases. 

Retu rn i ng  to Ca lne et a l . 's  ( 1 992) criteria for c l i n ica l ly defin ite PD ,  i t  can be noted 

that they do n ot inc lude evidence from neu ro imaging or pharmacolog ical 
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response, although the authors suggest that fai l u re to respond to levodopa may 

be grounds for exc lus ion . For a patient to be c lassif ied with c l in ical ly def in i te 

id iopath ic PD, they suggest that a combinat ion of any three of the fo l lowing 

featu res is suff ic ient :  rest ing t remor, r ig id ity, b radykinesia, o r  impa i rm ent of 

postu ral reflexes. 

Treatment 

9 

The advent of levodopa therapy remains the g reatest advance in the t reatment of 

PO (Markham & D iamond, 1 993), although new d rugs and surg ical p rocedu res, 

such as deep-bra in st im u lation and neura l  transplantation , show pro m ise (Ai i  & 

Mor ley, 1 999). N onpharmacological treatment (e. g . ,  educat ion,  exerc ise, and 

n ut rit ion) is also important (Oianow & Kol ler, 1 998) . Levodopa, used in 

combination wi th a peripheral decarboxylase i nh ib itor, is effective in t reat ing many 

of the motor s igns of PD ,  part icu larly the m ost d isabl ing symptoms of akinesia and 

bradykinesia (Marsden ,  1 990) . Levodopa works by restor ing dopamine levels in  

the striatum ( i . e . ,  putamen and caudate n u cleus) .  After 3 to 5 years of levodopa 

therapy, approx imately 50% of patients experience negat ive s ide-effects (Poewa, 

1 994), inc luding drug- induced abnormal i nvo luntary movements (e.g . ,  chorea, 

dyston ia) ,  f luctuations in response (e.g . ,  "end-of-dose" akinesia) ,  and 

neu ropsych iatr ic compl icat ions (Oianow & Kol le r, 1 998; Poewa, 1 994; Sage & 

Mark, 1 994) . To counter these f luctuat ions ,  sustained release levodopa · 

preparat ions and/or d ifferent combinat ions of drug therapy can be u sed (Kol ler, 

S i lver, & Lieberman, 1 994) . Other drug therapy invo lves the use of 

antichol inerg ics, dopam ine agonists, catechol-o-methyltransferase (COMT) 

inh ib itors, and m onoam ine oxidase (MAO) -B  inh ib itors,  such as seleg i l ine 

hydroch loride (deprenyl) .  

Ant ichol inerg ic d rugs work by restor ing the balance between acety lcho l ine and 

the reduced supply of dopam ine, help ing to control ear ly r ig id ity and t remor, but 

not akinesia o r  impa i red postu ral  ref lexes (Kol ler et a l . ,  1 994) . However, the use 
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of ant ichol inerg ics is l im ited due to common adverse s ide-effects ,  such as 

ha l l uc inat ions and memory impai rment (Oianow & Kol ler, 1 998) . D opam ine 

agon ists (e.g . ,  bromocript ine) were developed to m im ic the effects of dopam ine by 

d i rectly stim u lat ing the normal  str iatal  dopamine receptors (Ai i & M orley, 1 999) . 

COMT inh ib itors (e. g . ,  tolcapone) were designed to increase the amount of 

levodopa avai lable to cross the b lood-brain barrier by l im it ing the b reakdown of 

levodopa in the stomach and l iver (Ai i  & Mor ley, 1 999) .  Other d rugs (e.g., 

seleg i l ine) inh ibit MAO-B ,  thus  p rolong i ng  the du ration of the act ion of dopam ine 

( Marsden , 1 990) . Several l ines of  evidence sugcJest that seleg i l i ne  may a lso have 

neuroprotective effects becau se i t  is able to b lock the development of oxygen-free 

radicals generated by dopam ine m etabol ism (Oianow & Kol ler, 1 998). Sim i la rly, 

recent research has shown that dopam ine agon ists may have ant ioxidant 

propert ies (Oianow & Kol ler ,  1 998) . In contrast, levodopa may accelerate 

neu ronal degeneration d u ring its m etabol ism to dopam ine (O ianow et al . , 1 995) . 

Nevertheless, levodopa therapy remains  the mainstay of t reatment for PO,  

a l though other t reatment opt ions are cont in ua l ly being developed that may be 

used alone or i n  combinat ion w ith  levodopa. The effect iveness of d rug therapy 

depends on many factors and m ust be ta i lo red to su it each individua l .  An 

a lgori thm for the management of PO has been developed (O ianow & Kol ler, 1 998; 

Ko l ler  et a l . ,  1 994) and demonst rates the complexi ty of t reatment options. Cu r rent 

drug therapy concentrates on correct ing the chem ical imba lance re lated to the 

m otor sym ptoms of PO and is not specif ica l ly  designed to a l leviate cognit ive 

impairm ent (Mayeux, 1 994) . N onetheless, some 30% of P O  pat ients show a 

g lobal i mpairment in  cogn it ion usua l ly descr ibed as dementia (O ianow & Kol le r, 

1 998) . Moreover, subt le cogn it ive defic its a re frequently reported in P O  patients 

who otherwise show no signs of general ised dementia. 
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Dementia 

Recent evidence suggests that P O  patients h ave a 4 to 5 t imes h igher  probabi l i ty 

of developing dementia than wou ld  be expected for healthy people of the same 

age and socioeconomic status (Mayeux, 1 994) . However,  the concept of  dementia 

in PO is currently u nder debate with l itt le agreement about its nat u re ,  severity, or 

prevalence (Huber & Bornste in ,  1 992) .  M uch of the debate revolves around  

whether  the de�'l1ent ia of PO shou ld be  c lassif ied as  one of the  so-cal led 

subcortical dementias, or attr ibuted to cort ical pathology. lt remains to be seen 

whether the dement ia is specific to PO or due  to a d ifferent d isorder, s u ch as 

concom itant Alzhe imer's d isease (AD) ,  d iffuse Lewy body d isease, o r  

frontotempora l  dementia (Oianow & Kol le r, 1 998) . Another important issue i s  

whether se lect ive cognit ive defic its seen in  P O  are d ist inct from g lobal  dementia 

or whether they occur  on the sam e  contin u u m  (G rowdon et a l . ,  1 990) . 

The dementia debate is  important but d iffic u lt to resolve because of a lack of 

comparabi l ity across studies. For example ,  the criteria used to defin e  dement ia 

have varied between studies, and samples have often contained m ixed etio log ies 

of parkinson ism (Levin ,  L labre, & Weiner ,  1 989) . Furthermore, many investigators 

have col lapsed the i r  data across possib le m oderator variables (e.g . ,  d isease 

stage, d isease du ration ,  age at d isease onset, and med ication) ,  th u s  obscu r ing 

cogn itive changes. With these caveats i n  m ind ,  the next sect ion wi l l  p rovide a 

general overview of the l iterature on specific cogn itive deficits in P O  part ic ipants 

without dement ia .  The impact of moderator variables wi l l  be covered in detai l  in a 

later sect ion on Recogn it ion Memory Deficits. 

Cognitive Deficits 

With in  the exper imental l iteratu re, cogn it ive deficits in P O  are frequ ent ly 

described in terms of  executive function, bradyphrenia, visuospatial function, 
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a ttention, and memory. I n  add i t ion ,  behaviou ral  s im i lar it ies between P D  patients 

and patients with frontal lobe (FL) dysfunct ion ( Farina et a l . ,  1 994) have led to the 

use of the term frontal deficit when descri b ing impai red performance on a n um ber  

o f  tasks thought to be  under the contro l  of the frontal lobes ( i .e . , measu res of 

executive function and bradyph ren ia) .  N everthe less, it is i m portant to n ote that 

d ifferences do exist between P O  and FL  pat ients (Fag l ion i ,  Bott i ,  Scarpa, Ferrar i ,  

& Saett i ,  1 997; Owen , Sahakian , & Robbins ,  1 998) . Fu rthermore,  verbal abi l it ies 

rema in  intact in  nondemented part ic ipants (Levin et a l . ,  1 989) , as does th ink ing 

and reason:ng (Lezak, 1 995) ,  wh i le  depression (although com mon) appears to 

p lay l itt le part i n  the observed defic its (B ie l iauskas, Klawans ,  & G lantz, 1 986; 

Taylor ,  Sa int-Cyr, & Lang, 1 988) . 

l t  is  unclear what part icu lar neura l  pathways are responsib le for the cogn it ive 

deficits seen in  PD ,  but d is rupt ion of the comp lex loops, the ascend ing 

dopam inerg ic mesocortical pathway, and/or n ondopam inergic pathways is 

suspected . At this point it wi l l  be u sefu l  to look at the theoretical  m odels used to 

expla in cogn it ive impairment, before go ing on to describe each of the major 

deficits observed in PD. 

Theore tical Models 

Brown & Marsden's ( 1 990) theory of processing resources holds that cogn it ive 

impa i rments wi l l  be seen when task demands exceed a part icipant 's centra l  

p rocessing resou rces. The theory is  based on the attent ional m odel  of  Norman 

and Sha l l ice ( 1 980, c ited in B rown & Marsden, 1 988a) . Norman and Shal l ice 

proposed that a supervisory a ttentional system (SAS) with l im ited capacity is 

"ca l led upon in s ituat ions that involve p lann ing and decision mak ing ,  in novel or  

poorly learned tasks, or  in  s i tuat ions where some habitual response has to be 

overcome as may occur  in switch ing set"  (Brown & Marsden , 1 990, p. 26) . A 

d is ruption of the processing resou rces w ith i n  the SAS (th rough frontal lobe 

dysfunct ion) is thought to underl ie many  of the cogn it ive impa i rments seen in PD .  
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For example, B rown and Marsden ( 1 990) used the i r  theory to exp la in  a 

d issociation in performance that they found between PO and control part ic ipants 

on a modified Stroop task (e.g . ,  B rown & Marsden ,  1 988a) . Specifica l ly, the P O  

part icipants were impai red when they had to rely o n  internal cues to  perform the 

task, but  were un impaired when external cues were avai lable .  Brown and 

Marsden ( 1 990) suggested that the internal ly cued task placed greater demands 

on the SAS than the external ly cued task, and these demands exceeded the 

resou rces ava i lable to the P O  part ic ipants. 

1 3  

F i loteo et a l .  ( 1 997) argued against a s i ngle un ifying theory of cogn itive 

dysfunct ion in PD.  They pointed to several stud ies (e .g . ,  Downes, S harp, Costa l ! ,  

Sagar, & Howe, 1 993) that fa i led to f i nd  support fo r  B rown and Marsden 's ( 1 990) 

theory of processing resources. F i loteo et al . suggested that impa i red 

performance on some tasks (e.g . ,  verbal f l uency, se lect ive and sh ift ing attent ion)  

may be due to a deficit i n  i n h ib itory p rocesses and n ot in depleted central 

p rocessing resources. 

Other theories used to explain the pattern of cogn it ive deficits seen in PO have 

made a dist inct ion between effort-demanding ( internal  or active) tasks and 

automatic (pass ive) tasks (Taylor, Saint-Cyr, & Lang ,  1 986; Weingartner, B u rns ,  

O iebel ,  & LeWitt, 1 984) . For instance, Weingartner  e t  a l .  proposed a theory whe re 

task demands are placed on a cont i n uum  from automatic to effortfu l .  The theory 

proposes that deficits i n  the early stage of PO are l im ited to effort-demand ing 

tasks. The resu lts of the i r  study p rovide some support; PO part ic ipants performed 

normal ly on tasks requ i ri ng automat ic  p rocessing (e. g . ,  frequency m on itor ing) ,  but  

abnormal ly on effort-demanding tasks (e .g . ,  ser ia l  l ist learn ing) .  F u rther s upport 

was provided by Appo l lon io  et a l .  ( 1 994) who found  that P O  deficits cou ld be 

categorised according to the level of effort requ i red by the task. Taylor and 

col leagues have frequent ly made a d ist i nction between tasks requ i ring i nternal 

resources for successfu l  comp let ion and those that use external cues, only the 

former are impa i red i n  PO (Taylo r  et  a l . ,  1 986; Taylor  & Saint-Cyr, 1 992) .  
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F inal ly ,  Bondi ,  Kaszn iak, Bayles, and Vance ( 1 993) found  that P D  part ic ipants 

were impaired on tasks requ i ri ng  more effort, self-di rected plann ing ,  eff ic ient 

o rgan isat ion ,  and sustained attent ion . F u rthermore, thei r ana lysis revealed that 

poor performance on "frontal" tasks accou nted for deficits i n  memory, and i n  both 

v isuoperceptual and visuoconstruct ive sk i l l s .  

Executive Functioning 

The cogn it ive processes thought to be u n der  executive control inc lude 

ant ic ipation,  p lann ing ,  i n it iat ion ,  and mon itori ng of  goal-d i rected behaviou rs ,  as 

wel l  as the abi l ity to use feedback and m od ify behaviou r  accord ing ly (Levin ,  

Tom er, & Rey, 1 992b) . I n  nondemented P D  part icipants there appears to b e  a 
' 

consistent impa i rment in  performance on the Wisconsin Card Sort ing Test 

(WCST), wh ich is common ly att r ibuted to a deficit in set-shifting abi l ity (e.g . ,  Bond i  

e t  a l . ,  1 993; Cooper, Sagar, Jordan, Harvey, & Su l l ivan , 1 99 1 ; Lees & Sm ith, 

1 983;  Levin et al . ,  1 989; Taylor et a l . ,  1 986) . However, Cooper et a l .  noted that a 

deficit i n  set-formation may under l ie th is i mpai rment. Moreover, Owen et a l .  

( 1 998) noted that perfo rmance on the WCST involves m any  d ifferent aspects of 

cogn it ive funct ion, wh ich makes it d ifficu lt to determ ine what funct ion is impai red. 

' Defic its have been noted on the Color  and Color-Word forms of the Stroop Test 

and on the Tra i l  Making Test, a lso att r ibutable to a set-sh ift i ng  deficit (H ietanen & 

Teravainen ,  1 986; but see B rown & Marsden , 1 988a) . Fu rthermore, deficits on 
\ 
m easures of categorisation (e.g . ,  Cooper et al . ,  1 99 1 ; Far ina et a l . ,  1 994) , have 

been attr ibuted to impaired cogn itive sequ encing or work ing memory (Cooper et 

a l . ,  1 99 1  ) .  There is also some evidence of impa i red temporal structu ri ng  as 

demonst rated by poor performance on the Spatial De layed R esponse Test (Taylor 

et a l . ,  1 986) and the Verbal Tem poral  O rdering Test (Bond i  et a l . ,  1 993) .  F ina l ly, 

deficits have been found in semant ic and l etter f luency (e.g . ,  Azuma et a l . ,  1 997; 

Bond i  et a l . ,  1 993; but see Han ley, Dewick, Davies, P layfer, & Tu rnba l l ,  1 990) . 
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Bradyphrenia 

Bradyphrenia refers to the s lowing of thought (Brown & Marsden,  1 990) , and is  

the cogn it ive ana logue of bradykinesia (Levin et  a l . ,  1 992b) . With in  the l iterat u re 

there appears to be l itt le agreement over whether bradyph ren ia is real o r  n ot (e . g . ,  

Brown & Marsden,  1 990; Lezak, 1 995) . Moreover, b radyphrenia is  d iff icu lt to 

assess because processing speed and motor demands are confounded on  m any 

tasks (Levin  et  a l . ,  1 992b). B rown and Marsden have rejected the common u se of  

the term , argu ing  instead that any observed s lowing is  probably task-specif ic 

rather than a general ised s lowing of cogn it ion .  

Visuospatial Functioning 

Visuospat ia l  funct ion ing involves a number of processes and a precise defi n it ion 

is rarely g iven in  the PO l iteratu re (Waterfa l l  & Crowe, 1 995) .  More genera l ly ,  the 

term is taken to involve the ab i l ity to appreciate the relat ive posit ion of st i m u l i and 

objects in space , i ntegrate those objects into a coherent spat ia l  framework, and 

perform mental operat ions i nvolving spatial concepts (Brown & Marsden ,  1 988b; 

Oubois et a l . , 1 991  ) . Visuospatial deficits have been frequently reported in PO ,  

although early research often used tasks that confounded visuospatial and m otor 

performance (G rowdon & C orkin ,  1 986) . Nevertheless , researchers us ing 

visuospatial tasks that m in im ised motor responses ( i . e . ,  visuo-perceptual tasks) 

have sti l l  reported defic its in P O  (Oubois et a l . ,  1 99 1 ; G rowdon & Corkin ,  1 986; 

Mohr, Mendis, & G rimes ,  1 995) .  However, other investigators have argued 

against a general ised v isuospatial defic it (B rown & Marsden,  1 990; Kn ight ,  1 992) ,  

point ing instead t o  deficits i n  short-term mem ory and mental flexibi l ity (e.g . ,  Taylo r  

et a l . ,  1 988) caused pr imar i ly by  frontal lobe dysfunction (Bondi  et a l . ,  1 993; Levin  

et  a l . ,  1 992b;  Ogden ,  G rowdon ,  & Cork in ,  1 990), o r  to an impairment in 

maintain ing v isual  attention .  The latter is bel ieved to be med iated by the basal 

gangl ia (e.g . , F i loteo et al . , 1 994) . 
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Waterfal l  and Crowe ( 1 995) attempted to integrate the f ind ings from 70 PO 

studies by categor is ing tasks that involve visuospat ia l  ab i l it ies into 1 3  

components. They used meta-analysis to provide a quantitat ive est imate of the 

magnitude of v isuospat ia l  deficits. U nfortunately, they made no  d ist inction 

between stud ies that excl uded part icipants with dement ia and those that did n ot. 

Nevertheless , their resu lts do not rule out the possib i l ity that v isuospat ia l  deficits 

are associated with frontal lobe dysfunct ion.  

More recent ly, C ron in -Colomb and B raun  ( 1 997) arguec' that several l i nes of 

evidence now suggest that neither frontal l obe dysfunct ion nor  attent ional defic its 

under l ie the wide range of visuospatial deficits in PD .  They found visuospat ia l  

deficits in  nondemented P O  part ic ipants that were not associated with execut ive 

function or verbal memory. Th is  f ind ing supports an ear l ier study (Mohr et a l . ,  

1 990) that demonstrated that h igh funct ion ing PO part ic ipants, with no evidence of 

executive dysfunct ion , had i mpaired performance on memory i ndependent 

visuospatia l  tasks. 

A ttention 

A n umber of studies have shown that P O  part ic ipants have def icits in visua l ,  

auditory, and tact i le selective attention tasks, and th is has been i nterpreted as an 

impai rment in  the maintenance of attent ion (e.g . ,  B radshaw et a l . ,  1 993; F i lotea et 

a l . ,  1 994; Maddox, F i lotea, Del is ,  & Sa lmon,  1 996; Sharpe, 1 992; Wright, B u rns ,  

Geffen ,  & Geffen ,  1 990). More recently, F i lotea et a l .  ( 1 997) suggested that P D  

patients d o  not have a general deficit i n  the maintenance of attent ion ,  but rather 

have impaired i nh ibitory processes. That is ,  they suffer from a "specific 

i mpairment in  the ab i l ity to inh ib it the m ovement of their  attention from one 

cogn it ive process to another," and th is underl ies an observed deficit in select ive 

attention ( Fi lotea et a l . ,  1 997, p. 339). Several l ines of evidence s uggest the basal 

gang l ia may be d i rectly involved in  i nh ib i tory attent ional funct ions ( Fi lotea et a l . ,  

1 997) ; thus ,  damage to  these bra in  structu res in  PO wou ld  produce a selective 
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attention deficit .  However, it is also possible that m ore widespread damage 

involving the frontal reg ions,  the superio r  col l i cu l us ,  the thalam ic struct u res, as 

wel l  as the basal gangl ia is impl icated (Maddox et a l . ,  1 996) . 

Memory Functioning 

l t  has long been recogn ised that memory is not a u n itary process. As wel l  as 

memory being divided into short- and long-term , there now is a bewi lder ing array 

of other proposed memory types (Schacter & Tu lv ing,  1 994). Many of these, such 

as declarative and procedu ral memory, have been i nvestigated i n  P O  pat ients 

(e.g . ,  Harr ington , Haaland ,  Yea, & Marder, 1 990; Sa int-Cyr, Taylo r, & Lang ,  

1 988). Other researchers have made the d ist i nct ion between expl ic it and imp l icit 

memory tests (e.g . ,  Bond i  & Kaszn iak, 1 99 1 ; Ferraro, Balota, & Con nor, 1 993; 

Heindel, Salmon , Shu lts ,  Wal icke, & Butters, 1 989; H uberman,  M oscovitch ,  & 

Freedman, 1 994) . With i n  the framework of declarative memory,  d ist inct ions have 

been made between short-term (working) memory and long-term m emory (e. g . ,  

Su l l ivan , Sagar, Cooper, & Jordan, 1 993) , and between verbal and nonverbal 

memory (e .g . ,  Beatty, 1 992) . 

With respect to work ing memory, the avai lable evidence suggests that PO may 

disrupt verbal and nonverbal recal l ,  independent of antiparki nson ian medicat ion 

(e.g . ,  Cooper et a l . ,  1 99 1 ; Cooper, Sagar, & Su l l ivan ,  1 993; Levin et a l . ,  1 989; 

Sahakian et al . ,  1 988; S u l l ivan et a l . , 1 993; Taylor, Saint-Cyr, & Lang, 1 990). l t  

has also been suggested that performance may retu rn to norm al after a delay 

period (Taylor et a l . ,  1 986) .  To expla in this pattern of performance some authors 

have suggested that short-term storage may be intact, but  s lowed information 

processing ( i .e . ,  b radyph ren ia) produces the deficits in immediate recal l  (Sagar, 

Su l l ivan ,  Gabriel , Cork in , & G rowdon , 1 988; Su l l ivan & Sagar, 1 989; Taylo r  et a l . ,  

1 986) . 
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Procedu ral memory tasks genera l ly involve test ing the abi l ity to acq u i re a motor o r  

cogn it ive ski l l .  Although few stud ies have specif ical ly excluded demented PO 

pat ients, those that do have shown deficits i n  p rocedu ral memory tasks thought to  

be  subserved by  the  frontal lobes (Bondi  & Kaszn iak, 1 99 1  ) .  Fo r  example ,  

impaired performance was found us ing the Tower of Toronto task (Sa int-Cyr et a l . , 

1 988), the ski l l  learn ing component of the fragm ented p ictu res test ( Bond i  & 

Kaszn iak, 1 991  ) ,  and the serial react ion t ime task (Ferraro et a l . ,  1 993) . I n  

contrast , normal  performance has been found  u sing a m irror- reading test (Bondi  & 

Kaszn iak, 1 99 1 ; H arrington et a l . ,  1 990; H u berman et a l . ,  1 994) and a p u rsu it­

rotor tracking task (Bondi  & Kaszn iak, 1 99 1 ; He inde l  et a l . ,  1 989) . I n  addi t ion ,  

normal performance on the perceptual  memory component of the  fragmented 

p ictu res test (Appol lon io et a l . ,  1 994; Bondi  & Kaszn iak, 1 99 1 ) and on a word 

stem-completion repet it ion pr im ing task (Bond i  & Kaszniak, 1 99 1 ; H u berman et 

a l . , 1 994) , i nd icates that the perceptual  representat ion system is not damaged in 

PD.  

Turn ing to  long-term memory, the d ist inct ion between internal or  effort-demanding 

tasks and passive o r  automatic tasks has received considerable attent ion from 

memory researchers. For example ,  after f ind ing  a d issociat ion between effort­

demanding and automatic memory tasks,  Appo l lon io  et a l .  ( 1 994) pointed to 

deficits involving "the conscious,  effortfu l  strateg ic aspects of search ing long-term 

memory" (p. 366). Other invest igators (e.g . ,  Bond i  & Kaszn iak, 1 99 1 ; Moh r  et a l . ,  

1 990) have n oted that the i r  resu lts are cons istent with Weingartner  et  a l . ' s  ( 1 984) 

theory of automat ic versus effortfu l  process ing d ifferences in PD.  I n  part icu lar ,  

Mohr et a l .  showed that in PO part icipants w ith no rm al execut ive funct ion ing ,  

defic its were on ly seen on the more effort-demand ing memory tasks . Memory task 

demands were also specifical ly man ipu lated in a study of i ncidental and 

intent ional  recal l  carr ied out by Cooper and Sagar ( 1 993b) . These authors found 

that PO part ic ipants were impa i red on ly on  the m ore effort-dem and ing tasks, and 

suggested that the i r  resu lts support Brown and M a rsden's ( 1 990) p rocess ing 

resou rces theory. 
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I n  addit ion , recal l  deficits are more common i n  tasks requ i ring the use of internal  

st rategies for semantic c lustering (e . g . ,  B uytenh u ijs et al . , 1 994; Taylor et a l . ,  

1 990) or i n  tasks that involve learn ing nonsemant ical ly related items  (e.g . , Taylo r  

et a l . , 1 986) . Recently, P i  l ion e t  a l .  ( 1 996) found that PO may cause a pr imary 

deficit in memory for spat ia l  locations. Th i s  v isuospatial learn ing deficit was seen 

when memory was tested us ing  free recal l ,  cued reca l l ,  and recogn it ion , but  not 

when a comparable verbal memory task was used.  The authors suggested t hat 

task complexity may contr ibute to th is d i ssociat ion .  That is ,  the v isuospatial 

memory task was more complex because attent ion was divided between the 

p ictu re and its l ocation ,  both of which had to be recal led. 

Most reviews of the PO l iteratu re note a d issociat ion between free reca l l  and 

recogn it ion memory. That i s ,  PO part ic ipants genera l ly have impaired reca l l  wh i le 

recogn it ion memory remains re latively normal  (e . g . ,  Beatty, 1 992; B rown & 

Marsden, 1 988b, 1 990; Cumm ings & Benson,  1 988; Oubois et a l . ,  1 99 1 ; G rowdon 

& Cork in ,  1 986; Karayan id is ,  1 989; Kn ight ,  1 992 ; Kn ight, Godfrey, & Shelton ,  

1 988; Mahu rin  e t  a l . ,  1 993; Sagar & Su l l ivan,  1 988; Saint-Cyr & Taylor ,  1 993; 

Taylor  et a l . ,  1 988) . Most of the evidence for th is d issociation comes from studies 

that have not examined recal l  and recogn it ion m emory in the same part ic ipants, 

a l though those that have have also found defic its in reca l l ,  but not recogn it ion 

(e . g . ,  Breen, 1 993). This d issociation in  m emory function ing has been exp la ined 

in  terms of the effort-demand ing/automat ic  d istin ct ion (e.g . ,  Kn ight et a l . , 1 988; 

Taylo r  et a l . , 1 988). In addit ion , it has been u sed as evidence that the deficit l ies 

with retrieval strateg ies rather than encoding (e.g . ,  Beatty, 1 992 ; B rown & 

Marsden , 1 988b; Oubois et a l . ,  1 99 1 ; Mah u ri n  et a l . ,  1 993). However,  recent 

evidence cal ls th is  into question ;  d ifferent aspects of both retrieval and encoding 

may be at r isk ( Fagl ion i  et a l . ,  1 997) . I n  addit ion , Fag l ion i et al . h igh l ighted the 

fact that the d issociat ion between recal l  and recogn it ion memory seen i n  PO i s  not 

seen in  FL patients. Th is  f ind ing raises the possib i l ity that fronta l  dysfunct ion 

a lone does not fu l ly account  for memory deficits. F ig l ioni et a l .  i nstead point to a 

dysfunction in  the loop between the m edia l  frontal cortex and the h ippocampal 

system. 



20 Chapter One Introduction 

Fag l ion i  et a l .  ( 1 997) have a lso cha l lenged the view that PO part ic i pants sho u ld 

necessari ly perform poor ly on effort-demanding tasks but norma l ly on automatic 

m em o ry tasks. They used the selective rem inding procedu re (Buschke & Fu ld ,  

1 97 4) and stochastic mode l l i ng  (Brainerd, Howe, & Desrochers, 1 982) to 

demonstrate that PO part ic ipants may have specif ic deficits restricted to those 

ab i l i t ies that operate at an automat ic leve l .  

The conclus ion that recogn it ion memory is relat ively norma l  in PO i s  not un iversa l ,  

and m ay depend on the m oda l ity of the m aterial to be remembered (Sagar & 

S u l l ivan, 1 988) . For example,  a n umber  of researchers have noted a face 

recogn it ion memory deficit i n  contrast to normal verbal recogn it ion (e. g . ,  B londer,  

G u r, G u r, Sayk in ,  & H u rt ig ,  1 989; Dewick, Han ley, Oavies, P layfer ,  & Turnbu l l ,  

1 99 1  ) . Th is i s  o f  interest g iven that face recogn it ion cou ld be d ist in ct from other  

forms of recogn it ion as i t  may invo lve at  least some face-specif ic p rocessing 

m echan isms (Bruce & Young ,  1 986; Geschwind, 1 979; but see E l l i s ,  1 981  ) .  l t  has 

also been noted that recogn it ion memory for nonverbal m aterial i nvolving patterns  

o r  abstract designs may be a t  g reater r isk than verbal m ater ia l  (Beatty, 1 992) . For 

example, Sahakian et a l .  ( 1 988) found PO part ic ipants were impa i red on tests of 

spat ial and pattern recogn it ion memory. 

In s ummary, nondemented PO patients m ay have specific cogn itive deficits 

involv ing executive funct ions,  v isuospat ia l  ab i l it ies, attent ion ,  and m emory. These 

deficits share some s im i lar it ies with those seen in FL pat ients, but d ifferences do 

exist. Th is indicates that a d is rupt ion to the frontal lobe does not fu l l y  account for 

a l l  of the deficits observed in P O  part icipants. Moreover, whether  these deficits 

can be explained by a s ing le u n ifying theory or represent u n ique abnormal it ies is 

not known at th is t ime. In th is respect, memory dysfunction is  part icu larly d ifficu lt 

to assess. The issue of whether o r  not recogn it ion memory is  impa i red in PO is 

paramount to the present d issertat ion and so wi l l  be explored in  g reater depth in  

the  next sect ion .  
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Recognition Memory Deficits 

The common assert ion made in  the l iterature is  that P O  part ic ipants have 

impaired recal l  but relatively intact recogn it ion memory. Three stud ies ( F lowers, 

Pearce, & Pearce, 1 984; Lees & S m ith , 1 983; Taylor  et al . ,  1 986) appear to have 

been instrumental in establ ish ing th is  view; here ,  each wi l l  be reviewed in some 

detai l .  

Lees and Smith ( 1 983) used a samp le of 30 de novo part icipants with id iopath ic  

PO matched to  an equa l  number  of  hea lthy controls accord ing to  gender and age.  

I n  the PO group there were 1 9  ma les with a m ean age of 59.41 years ( SO =  6 .8) 

and 1 1  females with a mean age of 58.0 years ( SO =  7 .9) .  Mean d isease d u rat ion 

was 2 .4  years (range 6 m onths to 5 years) .  Thei r H&Y stage ranged from I to I l l  ( 1 :  

n = 1 2; 1 1 :  n = 1 3; I l l : n = 5 ) ,  and no  part icipant presented with depression o r  with 

prior exposure to ant iparkinson ian med icat ions .  

Lees and Sm ith ( 1 983) used a two-alternative, forced-choice (2AFC) recogn it ion 

memory parad igm . Two separate tasks were used to test recogn it ion memory for 

words and for unknown faces. Each task used 50 target items each presented for 

3 s with recogn it ion being tested without delay. The authors argued that the 

resu lts of their nonparametric ana lysis ind icated no specific memory deficits i n  the 

PO part ic ipants. S ince th is conclus ion appeared to be based largely on the 

outcome of statist ical s ign ificance tests , a reana lysi s2 was made of Lees and 

Sm ith's data i n  terms of statist ical power and observed effect s ize (ES) (see 

chapter 2 for more i nformat ion about stati st ical power and ES) .  

I n  the Lees and Smith ( 1 983) study, comparisons between PO part ici pants and 

controls were made wi th two-tai led Mann-Wh itney U tests that did n ot have 

satisfactory stat ist ical power.  G iven an a lpha level of .05 and 30 part ic ipants per 

1 Where an author only reported a statistic to  one decimal place, that convention has been 
followed here. 
2 When ever reference is made to a reanalysis of another author's data, the reanalysis was done 
by the present author, unless otherwise stated. 
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g roup, a conservative est imate of stat ist ica l  power ind icates that the test had no 

more than 1 2% power to detect a smal l  effect (Cohen , 1 988) . Thus ,  there was 

very l itt le chance of reject ing the nu l l  hypothesis (Type 1 1  error probab i l ity = 1 00 -

power = 88%) even if it was in  fact false. Power to detect med i um effects (48%) 

was also inadequate, but rose to 86% for large effects. The observed ESs 

ca_lcu lated from the reported data were very smal l  both for word recognit ion 

memory (d = .06, - .46- .57)3 and for face recogn it ion memory (d = . 1 7, - .35- .68) . 

Thus, apart from the very low level of stat ist ical power, there was l itt le evidence 

that th is  sample of P O  part ic ipants had impai red recogn it ion memory. However, 

the part icipants in th is  study were by no means representat ive of the enti re 

popu lation of PD suffers. That is ,  they were unmed icated and early in  the cou rse 

of the d isease; so no genera l i sat ion beyond these types of pat ients can be made. 

F lowers et al .  ( 1 984) used a more representative sample of PD part ic ipants. The 

sample s ize var ied between tasks, but ranged from 34 to 50. The mean age 

ranged from 6 1 . 1  to 63.7 years. L i tt le i nformat ion was g iven on the severity of PO 

in th is  sample, except that part ic ipants ranged from 3 to 24 on the Webster scale 

of symptom severity and cl i n ica l  d isabi l ity. D isease durat ion ranged from less than 

a year to 33 years. A l l  part ic ipants were stabi l i sed on some form of 

ant ipark inson ian medication .  Part ic ipants were not screened for possible 

dement ia .  A s im i lar n u mber of healthy part ic ipants acted as controls matched 

approximately by gender, age, occupat ion ,  and background .  

F lowers et  a l .  ( 1 984) assessed both i mmed iate- and delayed-recognit ion memory 

with the a id of verbal and n onverbal tasks. The f i rst verbal recognit ion memory 

task (p ictu res of common objects) used a 5AFC parad igm,  total number correct 

bei ng  the dependent variable. Half of the 32 items were tested after a 1 m i n  delay 

( immed iate test) and the othe r  half  were tested after a 45 min  delay (delayed test) . 

The other  verbal recogn it ion memory task (words and n umbers) used a 2AFC 

parad igm,  total n umber correct again being  the dependent variable. Half of the 1 6  

i tems were tested after  a 1 m i n  delay ( immediate test) and the other half were 

3 H ere and in al l  f uture presentations of the d stat istic, the 95% confidence i nterval for d will be 
g iv en following the statist ic (see Appendix D for formulae). 
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tested after a 1 5  min delay (delayed test) . Two nonve rbal recogn it ion memory 

tasks (black and wh ite h i stogram shapes, and colou red abstract pictu res) were 

conducted, each fol lowing  a yes-n o  paradigm. Recogn isabi l ity was assessed 

using the signal detect ion theory (SOT) measu re, d'. The fi rst task consisted of 24  

items, half of wh ich were tested after a 1 min delay ( immediate test) and  the  other 

half after a 45 min delay (delayed test ) .  The other n onverbal test cons isted of 20 

items, ha l f  of wh ich were tested after a 1 min delay ( immed iate test) and the othe r  

half after a 30  m i n  delay (delayed test) . 

F lowers et al .  ( 1 984) c la im that recogn it ion memory was poorer for the PO 

part icipants on  a l l  tasks re lat ive to the  controls ,  but  that the  d ifferences were 

neither " large" nor "re l iab le". Fu rthermore, they suggest that their  resu lts ind icate 

that PO part icipants have no rmal reg istration and ab i l ity to retain informat ion .  Any 

memory problems must i nvolve "retr ieval or  some h igher level processing stage" 

(p. 1 1 80) . As with the study of Lees and Smith { 1 983) , a reanalysis of some of 

F lowers et a l . 's data was made in terms of statist ica l  power and observed ESs. 

F lowers et a l .  { 1 984) made comparisons between PO and control part ic ipants 

us ing two-tai led t tests. G iven an a lpha level of .05 and the number of part ic ipants 

u sed, these tests had no more than 1 7% power to detect smal l  effects (Cohen ,  

1 988) . Power to  detect a med ium effect was a lso i nadequate, rang ing  from 53  to  

69%. When ESs were calcu lated from the reported data, it was found  that the 

observed delayed recogn it ion memory deficits ranged from smal l -to-med i um i n  

s ize (Cohen,  1 988) . However, there was no  evidence o f  impa i red immediate 

recogn it ion memory except for the words and numbers task. l t  has been 

suggested that several of the tasks used by Flowers et a l . ,  may nave produced 

performance close to f loor and cei l i ng levels, thus reducing the observed ESs 

fu rther (Sahakian et a l . ,  1 988) . In any event, the important point to note is that 

their  nonsign ificant find ings may wel l  have been due  to having too l itt le stat ist ical 

power to detect the effect . 
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Taylor  et a l .  ( 1 986) used a sample of 40 ( 1 5 female, 25 m ale) nondemented, 

id iopath ic PO part icipants matched to an equal n umber  of healthy controls 

according to gender, age, education ,  and verbal IQ. The PO part icipants had a 

mean age of 60.53 years (SO =  1 2. 1 9) and a mean disease du rat ion of 6 .62 years 

(SO = 5.26) .  Their H& Y stages ranged from I to IV ( I :  n = 1 0 ;  1 1 :  n = 1 3; I l l :  n = 1 4; 

IV :  n = 3) ,  and 70% of the samp le were taking antiparkinson ian med icat ions .  

Tay lor  et  a l .  ( 1 986) exam ined recognit ion memory with the Rey Auditory Verbal 

Learn ing Test ( RAVL T). Part icipants were g iven a 1 5-word l ist p resented as a set 

repeated over 5 t ria ls in a spontaneous recal l  parad igm . R ecognit ion memory was 

assessed (after recal l) by present ing a paragraph in  wh ich a l l  target words were 

embedded with an equal  n umber of distractors (batch test ing) .  Scores were taken 

as the difference between correctly identified words m inus  false posit ives. 

Non parametric statistical tests were used because of frequent cei l ing effects .  The 

autho rs reported that there was n o  stat ist ical ly s ign ificant d ifference between the 

P O  and control groups.  As before , a reana lysis of these data was made in terms 

of statist ical power and observed ES. 

As with the two studies described earl ier ,  Taylor et a l .  ( 1 986) had insufficient 

stat ist ical power to detect smal l  o r  med ium effects .  G iven an alpha l evel of .05 

and the n u m ber of part icipants used ,  the test of  RAVLT recogn ition memory had 

n o  m o re than 22% and 72% power to detect smal l  and m ed ium effects ,  

respectively (Cohen ,  1 988). Therefore, there was l ittle chance of rejecting the n u l l  

hypothesis for smal l  ESs. The observed ES  (d = .26,  - . 1 9- .7 1 , estimated from the 

Z stat istic) represents a possib le ,  a lbeit sma l l ,  recogn ition memory deficit . 

Despite the widesp read bel ief that recogn ition memory is relat ively normal  in PO 

patients, several stud ies us ing nondemented part ic ipants have reported some 

form of impaired recogn it ion memory (e.g . ,  Bondi et a l . ,  1 993; Cooper et a l . , 1 993; 

O 'S u l l ivan , 1 998; Owen et a l . ,  1 993;  Sahakian et a l . ,  1 988) . Studies using P O  

part ic ipants unselected for dement ia have also reported recognit ion deficits 

(AI Ia in et a l . ,  1 995;  EI-Awar, Becker, Hamm ond, N ebes, & Bo i ler, 1 987; Massman ,  
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Oel is ,  Butters, Levin ,  & Salmon ,  1 990; Reid et a l . ,  1 989; Sagar, Cohen ,  Su l l ivan ,  

Corkin ,  & G rowdon ,  1 988; Su l l ivan & Sagar, 1 989; Tweedy, Langer, & McOowe l l , 

1 982) . Yet stud ies such as F lowers et a l .  ( 1 984) and Taylo r  et a l .  ( 1 986 ) ,  appear 

to have been instrumental in establ ish ing the conc lus ion that recogn it ion memory 

is re lat ively un impaired in P O  (Wh itt ington , Podd , & Kan ,  i n  press) . H owever,  th i s  

conclus ion appears unwarranted g iven the  l im ited stat ist ical power o f  these 

studies, the smal l-to-med ium observed ESs, and the number  of subsequent  

stud ies detect ing recogn it ion memory deficits. Thus ,  recogn it ion memo ry m ay be 

impa i red in PO depending on ci rcumstances. Cogn it ive deficits may vary as a 

function of many factors such as task d ifficu lty, d isease stage, age at o nset of 

motor symptoms,  depression ,  and medicat ion (Beatty, 1 992 ; Levin  & Katzen , 

1 995; Levin ,  Tomer, & Rey, 1 992a; Starkstein  et a l . ,  1 989) . Each of these 

potential moderators wi l l  be covered in greater deta i l  below. 

Task Difficulty 

"Effortfu lness" has somet imes been used to expla in why some stud ies f ind recal l 

deficits but relatively intact recogn it ion memory in P O  (e.g . ,  Kn ight ,  1 992; Taylor 

et a l . ,  1 988) . Th is  reason ing rests on the assumption that recogn it ion tests requ i re 

less effort, less self- in it iated activity, or  less processing resou rces than recal l  

(Cra ik, & McOowd, 1 987; Hasher & Zacks, 1 979) . The net o utcome is that 

part icipants perform better on  recogn ition m emory tests than recal l  tests. With 

respect to PO, deficits are on ly detected by the more sensit ive free recal l  tasks 

rather than by tests of recogn it ion .  A s im i lar issue has been d iscussed in the 

l iteratu re on age- related decl ine in  memory (e.g . ,  C raik & McOowd, 1 987) and 

m emory deficits in  sch izoph ren ia (e.g . ,  Calev, 1 984) . To examine th is  issue,  some 

researchers have used methodolog ical p rocedu res designed to equate recal l  and 

recognit ion performance. For i nstance, Park in and Lawrence ( 1 994) compared 22 

(4 ma le ,  1 8  fem ale) neuro log ical ly norm al o lder adu lts (mean age = 7 1 .90 years) 

with 23 younger adu lts (mean age = 48.45 years) .  To equate recal l  performance 

with that of recogn it ion , recal l  of 24 target words was compared with 24 matched 
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words from a yes-no recogn it ion test that or ig ina l ly cons isted of 40 target words 

and  38 distractors. Parkin and Lawrence reported a stat ist ica l ly  s ign ificant 

d ifference between young and old part ic ipants with respect to both reca l l  and 

recogn ition memory. A reana lysis of the i r resu lts in terms of ES ind icated large 

m e mory deficits in the o lder g roup re lat ive to the younger  group ,  both in  recal l  ( d  

= 2 . 1 5 , 1 .40-2.90) and i n  recogn it ion (h it rate less false a larm rate: d = 2 .00, 

1 .27-2.73). Thus, the usua l  f ind ing of an age-related dec l ine in  recal l ,  but not 

recogn ition memory was not supported when the two tasks were equated in  terms 

of effort . 

Cra ik and McDowd ( 1 987) questioned whether scores on recal l  and recogn it ion 

memory tests are rea l ly comparable. B rown ( 1 976) d iscussed th is issue at some 

length and concl uded that u n less strong assumpt ions are made, recal l  and 

recogn it ion can only be compared under h igh ly  restrictive condit ions. To 

overcome this problem , C raik and McDowd used stat ist ical m ethods (ana lys is  of 

covariance and regression) ,  which al lowed recogn it ion and reca l l  scores to be 

compared. However, any d issociat ion between recal l  and recogn it ion wi l l  be 

confounded to the extent that factors othe r  than effortfu lness (e.g . ,  p rocedu ral 

d ifferences) vary between the two measu res of memory. One approach to 

overcom ing th is problem i s  to study the affect of task d ifficu lty by varying th is 

factor  with in a s ingle recogn it ion task. 

l t  h as been suggested that if a recognit ion task was made more d ifficu lt (effortfu l )  

PO part ic ipants shou ld begi n  to show a deficit re lat ive to controls (Breen, 1 993) . 

The resu lts of Weingartner et a l .  ( 1 984) suggest that the relat ionsh ip  between 

effort and performance may be l i near, but others have argued that performance 

decrements may only become apparent after a th reshold is  crossed (Brown & 

M arsden, 1 988a) . To my knowledge, no  one has tested th is theory d i rect ly in  P O  

by s pecifical ly varying the d iff icu l ty level with in  one recogn it ion memory task. 

Nonetheless, some research s uggests that recogn it ion task d ifficu lty is an 

i m po rtant factor. 
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Albert, Butters , and Levin ( 1 979) used a recogn it ion memory test with two levels 

of task d ifficu lty to assess alcoho l ic  pat ients with Korsakoff's d isease. The sample 

consisted of  1 1  patients with a mean age of  59.5 years , matched to 1 5  h ealthy 

controls on age, educat ion, IQ ,  and socioeconom ic  status.  The recogn i t ion 

memory test fol lowed a 3AFC format with 66 "easy" quest ions and 66 "hard" 

questions. The easy quest ions concerned "people and events of extended fame" 

(p. 2 1 3) ,  whereas the hard quest ions involved " inc idents and people whose 

prom inence was transient" (p. 2 1 3) ;  care was taken to avoid cei l i ng effects. The 

authors reported a stat istical ly s ign if icant d ifference between the two g roups on 

the hard questions on ly. A reanalys is  of their resu lts in terms of ES ind icated that 

the Korsakoff patients had a relat ively smal l  defic i t  i n  recogn it ion memory for the 

easy quest ions (d = .37, - .44- 1 . 1 7) ,  but were severely impa i red on the h ard items 

(d = 1 .98, 1 .00-2.96) .  I n  addit ion, C raik and Jenn ings ( 1 992) noted that an age­

related decl ine in  recogn it ion memory for p ictu res is smal l ,  u n less the recogn it ion 

test is made d iff icult by using very s im i lar  target and d istracter items.  

Dujard in ,  Bourriez, and Gu ieu ( 1 995) stud ied the effects of ageing and task 

diff icu lty on verbal and nonverbal recogn it ion memory. The sample cons isted of 

1 0  (5 males, 5 females) younger part ic ipants rang ing in age from 1 8  to 2 1  years 

(M = 1 9. 1 ,  SO = 1 .2 ) ,  and 1 0  (4 m ales, 6 females) older part i cipants rang ing  in 

age from 56 to 7 1  years (M = 62 .8 ,  SO = 4.3) .  The two gro ups had s im i lar  IQ ,  and 

no part ic ipant reported a h istory of neu ro log ical d isorder o r  cur rent use of 

med icat ion. Both the verbal recogn it ion task and the nonverbal recogn it ion task 

used 1 2  target words or 1 2  target f ig u res, respective ly. Al l  f ig u res were d rawn so 

as to be d ifficu lt to verbal ise. A yes-no  test was g iven in wh ich the 1 2  target 

words or 1 2  target f igu res were m ixed with 24 distracters . Two levels of task 

diffi cu lty were created by using d istracters that were either easy to d ist i ngu i sh 

from the targets (easy level) or  hard to d ist ingu ish  from the targets (hard level) . 

Results were reported for h its and false a larms separately. The authors reported 

that there were no stat ist ical ly s ign if icant interact ions between age g roup and task 

d ifficu lty. However, a reanalys is of the i r  data in terms of ES was made by 

subtract ing the mean false alarm rate from the m ean hi t  rate and then d iv id ing the 
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d ifference by the standard deviat ion of the h i t  rate. The resu lts of the reana lysis 

ind icated that the o lder part ic ipants suffered from verbal recogn it ion memory 

deficits relative to the younger part ic ipants on the hard level of the task ( d  = 1 . 58, 

.52-2.64) ,  but  not on the easy level (d = - .20, .73- - 1 . 1 3) .  With respect to the 

nonve rbal task, the o lder g roup's perform ance was infer ior to that of the controls 

on both levels of d ifficu lty, although mo re so on the hard level (d = 2.27,  1 .08-

3.46) than the easy level (d = 1 .72,  .63-2 . 80) . 

Although no  research has specif ical ly examined the effect of task d ifficu lty on  P O  

patients us ing a recogn it ion task, the resu lts of two stud ies i nd icate that i t  m ay be 

important. Owen et al. ( 1 993) exam ined recogn it ion memory in  1 3  (8 male ,  5 

female) late-stage i d iopath ic PO part ic ipants and 42 hea lthy contro l s  matched on 

age and premo rb id IQ. Al l  PO part ic ipants were m ed icated and had a mean age of 

66.54 years ( SO =  7 .03) and a m ean d isease du ration of 1 0. 6  years (SO = 4 .36) .  

Their  H&Y stage ranged from I l l  to IV  ( I l l :  n = 7; IV :  n = 6) .  The authors used a 

2AFC pattern recogn it ion memory task with two sets of 1 2  st im u l i  each . Wh i le  the 

study was n ot des igned specifical ly to exam ine the effects of task d ifficu lty, it was 

reported that controls found the f i rst set of items less d ifficu lt than the second  set. 

A reanalysis of these resu lts in terms of ES indicated that the late-stage 

m edicated PO part ic ipants showed some signs of impai red recogn it ion ,  but on ly 

with regard to the more d ifficu l t  Set 2 items ( d =  .37 ,  - . 1 7- .9 1 ) . 

Oewick et a l .  ( 1 99 1 )  studied recogn it ion memory i n  1 9  ( 1  0 m ale, 9 female) P O  

part icipants aged between 5 9  and 84 years (M = 72 .9, SO = 7 .5 ) .  N one were 

demented and all but one were tak ing  ant iparkinson ian med i cat ion .  Twenty-one (9 

m ale, 1 2  fem ale) healthy elderly served as controls (matched on age, educat ion ,  

verbal ab i l i ty, and premorb id IQ) . A 2AFC task was used to assess recogn it ion 

memory for 50 targets (common words) .  In addit ion , an ident i cal  p rocedure was 

u sed with 50 u nfam i l ia r  male faces. Oewick et a l .  reported that the PO pat ients 

had a stat ist ica l ly s ign if icant def ic i t  in face recogn it ion ,  but n ot in  word 

recognit ion .  A reanalys is of the i r  res u lts in terms of ES ind icated that the P O  

part icipants had impa i red memory performance i n  both word recogn it ion and face 
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recogn ition , a lthough the impairment was far g reater for the more d ifficu l t  task (d = 

.22, - .42- .85 ,  and d = 1 .87, 1 . 1 1 -2 .63 ,  respect ively) .  I nterest ing ly, both g ro u ps 

found the face recogn it ion task more d iffi cu lt than the word recogn it ion task. Other 

researchers have noted th is d ist inct ion ,  a lthough there is  some debate over 

whether face and word recogn it ion share the same mechan ism (G lass, Ho lyoak, & 

Santa, 1 979) . Wh i le it is  possib le that the P O  part ic ipants suffer from a more 

general d iff icu lty in  the structural coding of fac ia l  st imu l i  (Dewick et a l . ,  1 99 1  ) ,  it i s  

also possible that the d ifference i n  impa i rment may be related t o  task d ifficu l ty. 

Taken together, these resu lts ind icate that the magn itude of the recogn it ion deficit 

in PO may depend on the diff icu lty of the task .  Nevertheless, a d i rect invest igat ion 

of the effects of task d ifficu lty on recogn it ion m emory is  yet to be conducted. 

Gender 

There is  some evidence of gender- re lated deviat ions in bra in anatomy  (Kalat ,  

1 998; Markowitsch , 1 998) .  For instance, John son ,  P inkston , B ig ler ,  and B latter 

( 1 996) found that women genera l ly have a larger corpus cal losum relat ive to total 

brain size compared to men ,  and they suggest that there may be d ifferences in  

brain organ isation .  I n  neurological ly in tact o lder  adu lts , women tend to have 

superior verbal memory (Bieecker, Bol la-Wi lson , Agnew, & Meyers , 1 988; H er l itz, 

N i lsson, & Backman ,  1 997; Hu ltsch , Hertzog ,  & D ixon , 1 990; H u ltsch ,  Hertzog ,  

Smal l ,  McDonald-M iszczak, & Dixon , 1 992 ; K ramer ,  De l is, & Danie l ,  1 988; 

Zel inski ,  G i lewski ,  & Schaie, 1 993; Zel insk i  & Stewart ,  1 998) , whereas m en 

genera l ly have better spatial memory (Kramer  et a l . ,  1 988; Rosse l l i  & Ard i la ,  

1 991  ) .  Gender may have a d i fferent ia l  affect on  the memory abi l it ies of 

neurological ly impa i red adults. For example ,  Henderson and B uckwalter ( 1 994) 

reported the usual f ind ing of superior  verbal reca l l  in female control part icipants, 

but the opposite resu lt i n  patients with Alzhe imer's d isease. 
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More general ly, research looking at gender d i fferences in memory funct ion i ng  h as 

focused on reca l l  tasks. For example, i n  a study of verbal learn i ng  i n  1 36 (68 

males, 68 females) neurological ly intact adu lts ,  Kramer et a l .  ( 1 988) demonstrated 

that women had better verbal memory sk i l ls .  That is, g reater immed iate recal l ,  

delayed reca l l ,  and  semantic c lu stering ,  bu t  s im i lar recogn it ion memory to that o f  

m ales. The superior performance o f  women cou ld  not be  attr ibuted to  d ifferences 

in verbal i nte l l igence because the two g roups were matched for age, educat ion ,  

and age-adj usted WAI S-R  verbal subtest score. The authors suggested that 

women had better performance because they o rganised the m ater ia l  more 

effectively du ring encoding and th is  resu lted in  more eff ic ient retr ieval .  I n  contrast ,  

m ales used serial c lustering as a recal l  strategy, wh ich is  less eff ic ient ,  and they 

tended to recal l  items from the beginn ing  and end of the l i st .  

Kramer et a l .  ( 1 988) found that recogn it ion m em ory was s im i lar  for m ales and 

fem ales argu ing that efficient retrieval is  n ot as i mportant  as i t  i s  for tests of recal l .  

Nevertheless, a reanalysis o f  the i r  resu lts in  terms of ES  p rovided some evidence 

that the female group had super ior recogn it ion memory (d = . 33 ,  - . 1 4- .80) . S im i la r  

resu lts were obtained by Bleecker et a l .  ( 1 988) and Herl itz e t  a l .  ( 1 997) . 

Moreover, Herl i tz et a l .  noted that the gender- re lated ES  was s im i la r  i n  recogn it ion 

and reca l l ,  and that gender d ifferences were s im i lar  in magn itude for part ic ipants 

aged 35 to 80 years. In addit ion , a lthough the female part ic ipants had better 

verbal abi l i ty, t h is d id not fu l ly account for the resu lts , and ne ither d id  d ifferences 

in interest or fam i l ia rity with the m ateria l .  

With respect to PO,  l itt le info rmat ion is ava i lable about gender d ifferences in 

m em ory dysfunct ion ,  although Jacobs and Schofield (1 998) cla i m  that gender 

general ly has not been associated with cogn it ive deficits. H owever,  recent ly, 

Lyons,  Hubble, Troster, Pahwa, and Kol ler  ( 1 998) exam ined cogn it ive and m otor 

performance in 3 1 5 male and 3 1 5  female P O  part ic ipants and found  that the 

female g roup  had better M in i-Mental State Exam inat ion (MMSE) scores. In  terms 

of m otor performance, the male group general ly had more severe symptoms ,  

whereas the fem ale g roup experienced mo re levodopa- i nduced dysk ines ia .  l t  
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appears that only one study of  recogn it ion m emory (O'Su l l ivan ,  1 998) h as 

exam ined gender effects in  relat ion to PD .  

O'Su l l ivan ( 1 998) exam ined 22 ( 1 7 males, 5 fema les) nondemented , m ed icated 

PO part icipants rang ing in age from 48 to 82 years (M = 72 . 1 8, SO = 7 .93) 

matched to 22 controls on gender, age, education ,  and occupat ion.  Recogn it ion 

memory (discrim inabi l ity) was assessed us ing the Cal iforn ia Verbal Learn i ng  Test 

(CVL T; Delis, Kramer, Kaplan,  & Ober, 1 987) . O 'Su l l ivan found  that there was no  

stat ist ical ly sign ificant d ifference i n  performance between the male and  fem ale P O  

part ic ipants. However, a reana lysi s  of the resu lts in  terms of ES ind icated that the 

fema le PD part ic ipants had somewhat better recogn it ion memory than the m ale 

part ic ipants (d = . 43, - .46- 1 .3 1  ) .  Moreover ,  t h is d ifference i s  l ikely to be 

atten uated by age because o lder part ic ipants had poorer performance than 

you nger (d = .57, - .33- 1 .46) ,  and the female part ic ipants were seven years o lder ,  

on average, than the male part ic ipants. Unfortunately, no analysis was reported 

that exam ined the d ifference between PO and control part ic ipants as a funct ion of 

gender. 

In summary, gender d ifferences exist with respect to memory funct ion i ng  in 

normals  and neurologica l ly impa i red pat ients.  H owever, at th is stage i t  is  unclear 

whether such d ifferences occur  in PD.  

Disease Stage 

Although the re lat ionship between motor d isabi l i ty and cogn i t ive dec l i ne  is n ot 

straightforward (Starkstein & Rob inson, 1 99 1  ) ,  there is some suggest ion that 

d isease stage or sever ity is  related to memory dysfunction (H uber, Freidenberg, 

Shutt leworth , Pau lson , & Ch r isty, 1 989; Mort imer, P irozzolo ,  Hansch , & Webster, 

1 982). Furthermore, part ic ipants in the early stages of PO m ay profit m o re from 

memory cues than those in the advanced stages (Scholz & Sastry, 1 985) . Few 

stud ies have exam ined this issue with respect to recogn it ion memory, although 
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there is some evidence that part ic ipants in the advanced stages of P O  show 

g reater recogn it ion deficits than those in the ear ly stages (e. g . ,  Lees & Smi th ,  

1 983;  Owen et  a l . ,  1 992) . Sahakian et  a l .  ( 1 988) assessed recogn it ion memo ry i n  

two sam ples o f  nondemented id iopath ic  P O  part ic ipants matched to  an  equ al 

n u m ber  of hea lthy controls accord ing to age and verbal IQ .  One P O  group 

conta ined 1 3  (5 female, 8 male) de novo participants with a mean age of 6 1 . 3  

years (SO = 6 .3) .  D isease du rat ion was 1 .7 years ( range 0 .5-4 .5 )  a n d  H &  Y stage 

ranged from I to I l l  ( 1 :  n = 7; 1 1 :  n = 4; I l l :  n = 2) . The other  PO g roup  consisted of 

1 4  (6 fem ale, 8 male) med icated part ici pants with a mean age of 64.2  years ( SO = 

6 .8) .  D isease du ration ranged from 3 to 1 6  years (M = 7 .6 years) and H& Y stage 

ranged from I to I l l  ( 1 :  n = 2; 1 1 :  n = 3; I l l :  n = 9) . 

Recogn it ion memory was exam ined by Sahakian et a l .  ( 1 988) us ing  a 2AFC 

pattern recogn it ion memory task. The a uthors reported a stat ist ica l ly s ign if icant 

deficit in the m edicated PO group  on ly. A reanalysis of their data in terms of ES 

conf i rmed a smal l  pattern recogn it ion m em ory deficit in the de novo early-stage 

PO part ic ipants (d = . 1 7, - .63-.98) , but a la rger impairment in  the m ore advan ced­

stage m ed icated part icipants (d = 1 .44, . 58-2 .30) . 

Owen et a l .  ( 1 992) used a samp le of 44 n ondemented id iopath ic  P O  part ic ipants 

matched to an equal number of healthy controls according to age and premo rbid 

IQ .  For the pu rposes of the study,  the P O  g roup was d ivided into th ree subgroups.  

One subg roup  contained 1 5  de novo part ic ipants with a mean age of 55 .73 years 

(SO = 1 1 .23) . Mean disease d uration was 1 .5 years (SO = 1 6.27) and H& Y stage 

ranged from I to I l l  ( 1 :  n = 3; 1 1 : n = 1 0; I l l :  n = 2). Another subg roup  consisted of 1 5  

early-stage medicated part ic ipants with a mean age of 58 .86 years (SO =  1 0 . 96) . 

Mean d isease du rat ion was 7 .07 years ( SO =  4 .92) and H& Y stage ranged from I 

to 1 1  ( 1 :  n = 3 ;  1 1 :  n = 1 2) .  The th i rd s ubgroup  of 1 4  advanced-stage m edicated 

part ic ipants had a mean age of 65 .85 years (SO =  6.47) and a m ean d isease 

du ration of 1 0. 2 1  years (SO = 5 . 87 ) .  The i r  H&Y stage ranged from I l l  to IV ( I l l :  n = 

8; IV: n = 6 ) .  
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Using a 2AFC pattern recognit ion memory task, Owen et a l .  ( 1 992) reported that 

there was no stat istica l ly s ign ificant d ifference in performance between any of the  

groups .  A reanalys is o f  the i r  data ind icated on ly  a sma l l  pattern recogn it ion 

mem ory deficit in the early-stage de novo and early-stage medicated P O  

part icipants ( d  = .06, - . 46-.58, and d = . 1 9 , - .33-. 7 1 , respect ively) , but a larger 

impairment i n  the advanced-stage med icated PO  part icipants (d = .56,  .02-1 . 09) . 

F ina l ly, as described earl ier , Lees and Sm ith ( 1 983) found no stat ist ical ly 

s ign ificant d ifference i n  recogn it ion memory between de novo PO part ic ipants with 

m i ld symptoms and controls. The magn itude of the ES (d = .06, - .46-.57) conf i rms 

th is f ind ing. Taken together,  the data from early- and late-stage PO  pat ients 

suggest that recogn it ion memory funct ion ing may decl ine as PO progresses. 

Age at Onset 

Differences between PO patients with early- and late-onset of symptom s  have 

been used to support the theory that there may be m ore than one form of P O  

(e.g . , Biggins et a l . ,  1 992; Horiguch i ,  N ish imatsu ,  l nam i ,  Sukegawa, & Shoda ,  

1 99 1 ; Lieberman et a l . ,  1 979; Re id  et a l . ,  1 989; Starkstein ,  Bolduc, Mayberg , 

Presziosi ,  & Robinson, 1 990; Zetusky, Jankovic, & P i rozzolo, 1 985) .  Late-onset 

PO has been associated with more widespread cognit ive decl ine relative to ear ly­

onset PO (e.g . ,  B igg ins et a l . ,  1 992; Caparros-Lefebvre, Pecheux, Pet it , O uhame l ,  

& Petit , 1 995; Dubois, P i l lon , Sternic, Lherm itte, & Ag id ,  1 990; H origuch i  e t  a l . ,  

1 99 1 ; H ietanen & Terava inen,  1 988; Katzen , Lev in ,  & Llabre, 1 998; Mah ieux  et 

a l . ,  1 998; Reid et a l . ,  1 989) . Moreover, evidence suggests that th is is not due  to 

concom itant Alzheime r' s  d isease pathology in late-onset part ic ipants (Oubo is  et 

a l . , 1 990) . In addit ion, long itud ina l  studies have shown that late-onset partic ipants 

have more rapid progression of PO  (Goetz, Tanner, Stebbins, & Buchman,  1 988) , 

more severe motor d isab i l ity, poorer response to dopam inergic therapy, and a 

h igher i ncidence of gait d istu rbance (Biggins et a l . ,  1 992; Caparros-Lefebvre et 

a l . , 1 995) . 
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I n  terms of memory, there appears to be less d ist inct ion between early- and late­

onset part ic ipants; both g roups show sim i lar  deficits re lat ive to age-matched 

hea lthy controls (Oubois et a l . ,  1 990; Haeske-Oewick, 1 996;  H ietanen & 

Teravainen,  1 988) .  Oubois et al .  s uggested that late age at onset compounds on ly 

the frontal- lobe related symptoms rather than those that re ly on temporo-parietal 

lobe funct ioning (e .g . ,  memory) . Thus ,  they argue that the d ifferences between 

early- and late-onset part icipants are due to age-related facto rs and not the 

d isease process itself. 

In an investigation of recogn it ion m emory, H aeske-Oewick ( 1 996) exam ined 1 3  (8 

m ale ,  5 female) early-onset (< 55 years old at onset) and 1 3  (9 male, 4 female) 

late-onset (> 55 years o ld at onset) PO part icipants. The early- and late-onset 

part icipants were compared to equal  numbers of age-matched controls. The early­

onset PO group had a mean age of 55.80 years (SO = 6.24) and a mean d isease 

d urat ion of 8.23 years (SO = 5 .30) . Mean Age at onset of symptom s  was 47.57 

years .  Their H& Y stage ranged from I to V ( I :  n = 1 ;  1 1 :  n = 3;  I l l : n = 6 ;  IV: n = 2; V: 

n = 1 ) .  The late-onset PO group had a mean age of 73.88 yea rs (SO = 6 . 1 5 )  and a 

m ean d isease duration of 8 .38 years (SO = 4 .97) .  Mean age at onset was 65 .50 

years. Thei r  H&Y stage ranged from 1 1  to V (1 1 :  n = 3;  I l l :  n = 6 ;  IV :  n = 3;  V: n = 1 ) .  

A l l  PO  part ic ipants were taking ant ipark insonian m ed icat ion .  T h e  two P O  g roups 

were s im i lar with regard to c l in ical symptoms, d isease du ration ,  premorbid IQ ,  and 

depress ion .  

Haeske-Oewick ( 1 996) used a 2AFC face recogn it ion memory task. They 

concl uded that both the early- and the late-onset PO part ic ipants had s ign if icantly 

poorer recogn ition memory relat ive to thei r  respective contro l s .  A reanalys is  of 

the i r  data in terms of ES confi rmed that both early- and late-onset part ic ipants had 

s im i la r  deficits relat ive to control s  (d = 1 . 1 2 , .25- 1 . 98, and d = 1 .24, . 37-2. 1 2, 

respect ively) . 
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In an earl ier study, Dewick et a l .  ( 1 99 1 ) used a sample of part ic ipants , which 

inc l uded the late-onset part ic ipants used by Haeske-Dewick ( 1 996) , to  test 

recogn ition memory for words and n u m bers. Dewick et al. reported that there was 

no stat istical ly s ignificant d ifferences between the P O  and control g ro ups. 

However, a reanalysis of the Dewick et a l .  data p rovided evidence of sma l l  

recogn ition memory deficits for two immed iate recogn ition tasks (d = . 22 ,  - . 42 - . 85 ;  

d =  .30, - .37- .98) and for a delayed recogn it ion task (d = . 1 7 , - .5 1 - . 84) .  

Taken together, these data suggest that wh i le recogn ition m emory deficits m ay 

exist in PO participants , age at onset is  u n l ikely to be a moderator . Neverthe less ,  

because of the paucity of f ind ings on th is  issue, a f i rm concl usion awaits fu rther  

study. 

Depression 

Depression has also been related to the severity of cognitive impairment in P D  

(Starkstein et a l . , 1 989). The issue i s  comp l icated because it i s  d ifficu l t  to 

d ist ingu ish between the infl uence of depression and that of PO (L ieberman , 

1 998) . Furthermore, it has been suggested that the m echan isms of depression 

and cogn itive impairment in  PO may interact, accelerating the progression of 

impairment (Starkstein et a l . ,  1 990). On the other hand, Starkstein et a l .  

s uggested the possib i l ity of two different forms of PD. One form presents with 

depression and rapid cogn it ive decl ine ,  whereas the other presents without 

depression and a gradual  cogn it ive dec l ine .  These issues are important because 

depression is common in  PO; approximate ly ha lf of al l  patients suffer from m i ld to 

m oderate depressive symptoms (Lieberman ,  1 998 ;  Levin et a l . ,  1 992b) .  

Nevertheless, what l itt le evidence there is s uggests that depression contr ibutes 

l itt le to the memory dysfunction in PO (Owen et a l . ,  1 993; Taylo r  et al . ,  1 988) or in 

healthy elderly people (Boone et a l . ,  1 995 ; Bu rt , Zembar, & N iederehe, 1 995) . 

H owever, as with age at onset, more data are needed to clarify the role 

depression p lays in the memory deficit seen in PD .  
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Medication Effects 

I n  general ,  there is  l itt le agreement regard ing the affect of ant ipark inson ian 

medication on the cogn it ive funct ion of PO pat ients (Lev in & Katzen ,  1 995) .  

However, with respect to memory, the ava i lable evidence s uggests that 

dopam inerg ic therapy has no effect, o r  m ay actua l ly imp rove it (Cooper et a l . ,  

1 993; E I-Awar et a l . ,  1 987; Growdon et a l . ,  1 990; G rowdon et a l . ,  1 998; Lange e t  

a l . ,  1 992; Moh r  et a l . ,  1 989) . I n  addit ion, H uber, S hu lman,  Pau lson , and 

Shutt leworth { 1 987) found that delayed recogn it ion memo ry was not affected by 

the absolute dopam ine leve l ,  but rather was state dependent. That i s ,  changes in 

dopamine level between learn ing and recogn it ion phases produced recogn it ion 

deficits in  PO part ic ipants that were not evident when dopam ine was he ld 

constant. 

The issue is  more compl icated for anticho l inerg ic medicat ion s ince i t  has been 

found to have both no effect (Appo l lon io et a l . ,  1 994; Bond i  & Kaszn iak,  1 99 1 ; 

Levin ,  L labre, Reisman , Weiner ,  & B rown ,  1 99 1 ; Sahakian et a l . ,  1 988) and a 

detrimental affect (van Spaendonck, Berger, Horst ink, Buytenhu ijs, & Cools, 1 993) 

on recogn it ion memory. These stu dies provide no compel l ing evidence that 

medicat ion per se brings about recogn it ion memory deficits. 

Prospective Memory 

To th is  point, the present review has focused on retrospective memory ( i .e . ,  

memory for past events ) .  However, the process of  remembering to remember, or  

prospective memory, also deserves some attent ion.  Prospective memory tasks 

requ i re the part ic ipant to execute a p lanned act ion at some point in  the  fut u re 

(Einstein & McOan ie l ,  1 990; M orr is ,  1 992) .  Cockbu rn and Sm ith ( 1 994) 

constructed a s imple model of performance on a prospect ive memory task, wh ich 

involved remembering to ask about a futu re appointment u pon hearin g  a t imer  

r ing .  To perform the task correctly a part ic ipant m u st encode and store the 
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instruct ions, activate the intention to respond when the t imer r ings, retr ieve the 

appropriate response, and execute th is response. 

37 

The term , prospective memory, a l though widely used, has been cr i t ic ised on the 

grounds that it imp l ies a memory system d ist inct from retrospective memory 

(Mayes, 1 997) . Mayes argued that the on ly d ist inct ive aspect of prospect ive 

memory is that it concerns the "real isation of delayed intentions" (p. 1 423) .  

(However, in  keeping with the l iterature, the term wi l l  be used here. )  Nevertheless, 

after fa i l ing to f ind a relationsh ip between retrospective and prospect ive mamory 

task performance, other researchers have argued instead that these tasks may 

ut i l ise d ifferent neurological p rocesses o r  struct u res (Huppert & Beardsa l l ,  1 993; 

Kvavi lashvi l i ,  1 987; Maylor, 1 990, 1 993) . St i l l  other researchers (e.g . , Dobbs & 

R u le, 1 987; Tombaugh ,  Grandmaison, & Schm idt, 1 995) have d ifferentiated 

between two components of p rospective memory: remembering-to-remember and 

remembering-what-to-remember (or  content) .  This second component is what is  

measu red by retrospective memory tasks. Therefore, i t  has been argued that i t  is 

important to consider the relative weight of each component with in a p rospective 

memory task when t rying to m ake a d ist inct ion between prospective and 

retrospective memory (Tombaugh et a l . , 1 995) .  The importance of the 

remembering-to-remember component may vary depending on the balance 

between internal and external processes. 

In th is regard, Einstein and McDan iel ( 1 990) made a d ist inct ion between time­

based tasks and event-based tasks, the former  depending more on self- in i t iated 

retr ieval processes than the latter. Einstein and McDaniel defined t ime-based 

p rospective memory tasks as those requ i ring a person to remember to perform 

some action at a part icular t ime or after a part icu lar amount of e lapsed t ime (e.g . , 

remem bering to catch a 1 p .m .  bus) .  I n  contrast, an environm ental event s ignals 

the appropriateness of the intended act ion in  an event-based task (e.g . ,  

remembering an  appointment when t he  a larm r ings) . 
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Prospect ive memory plays an important ro le in dai ly activities (Cockbu rn & S m ith ,  

1 994) , yet no research has looked at  whether PO affects prospective memory 

(Kn ight, 1 998). More general ly, research  shows that there is a dec l i ne  in 

prospective memory performance with age,  but on ly in  situat ions that requ i re m ore 

effort, or processing resources, to execute. That is ,  on complex tasks (E inste i n ,  

H ol land, McDaniel ,  & Guynn ,  1 992) or tasks where part icipants m u st use  self­

i n it i ated cues (E instein ,  McDan iel ,  R ichardson , G uynn ,  & Cunfer, 1 995 ;  Maylor, 

1 990). Support for th is l ine of reason ing comes from research that shows an age­

related decl ine in performance on t ime-based tasks but not event-based tasks.  

For example ,  E instein et  a l .  ( 1 995) conducted a series of experim ents us ing 36 

younger part ic ipants aged 1 8  to 22 years (M = 20.2) ,  28 m iddle-aged part ic ipants 

aged 35 to 49 years (M = 42.5 ) ,  and 26 older part ic ipants aged 6 1  to  76 years (M 

= 66.3) . E instein et a l . 's  f i rst experiment estab l ished that the e lderly group had 

impa ired prospect ive memory on a t ime-based task relative to younger  

part icipants. I n  the second experiment they fa i led to f ind an age-related 

prospective memory deficit us ing an event-based task. However, the i r  f ina l  

experiment provided the most compel l ing evidence that prospective memory is  

impaired i n  o lder part icipants when the task requ i res self- in it iated processes. 

Type of task was man ipulated in a s ing le experiment and care was taken to 

ensure that the tasks were identical ,  except that one task was event-based and 

the other was t ime-based. Each prospective memory task was embedded in a 

general knowledge and problem-solving task. For the t ime-based task, 

partic ipants were instructed to press a response key every 5 m i n ,  whereas i n  the 

event-based task the response key was to be pressed whenever the word 

president appeared in a question . The authors reported that there were no rel iable 

d ifferences between the three groups in terms of event-based prospect ive 

memory. With the t ime-based task, however, o lder part ic ipants had s ign ificant ly 

poorer prospect ive memory than e ither the m idd le-aged or the you nger 

part icipants . A reanalys is of Einstein et a l . 's resu lts i n  terms of ESs supported 

these f indings. That is ,  there was l itt le evidence of an important d ifference i n  

event-based prospective memory. Neverthe less,  the older part ic ipants had a large 
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deficit in t ime-based prospective memory re lat ive to both the m idd le-aged and the 

younger part ic ipants (d = 1 .29, .69- 1 .89,  and d = .85 ,  .32- 1 .38, respectivel y) .  

Task complexity may also moderate the relat ionsh i p  between age and prospect ive 

memory. E instein et a l .  ( 1 992) demonstrated an age-related dec l ine in prospect ive 

memory using a complex event-based task, but n ot u s ing a s imple event-based 

task. They used a sample of 48 younger part ic ipants aged 1 9  to 22 years (M = 

20.56) and 48 older part ic ipants aged 60 to 80 years (M = 69. 1 3) .  The g roups 

were matched in terms of the WAIS-R Vocabu lary S ubscale and the n um ber  of 

years of education beyond h igh school .  The prospect ive memory task was 

embedded in a short-term memory measure .  Part ic ipants were instructed to press 

a response key whenever a part icu lar target word occu rred. In the s imple 

prospective memory task, a s ingle target word was used, whereas in the com plex 

task fou r  target words were used. The invest igators concluded that the o lder 

part ic ipants had s ign if icant ly poorer performance than the younger  part ic ipants on 

the complex task on ly. A reanalys is of their  resu lts in  terms of ESs confirmed that 

the two groups had s im i lar performance on the s imp le prospect ive memo ry task ( d  

= . 1 7 , - .4 1 - .75) , but a large d ifference in  performance on  t he  complex task (d = 

1 .06, .44- 1 .67) . The d ifferences in  performance on the complex task were 

repl icated in a second experiment us ing a d ifferent sample of part ic ipants. 

Prospective memory tasks may also be sensit ive to the onset of dementia. 

Huppert and Beardsall ( 1 993) stud ied 1 2  m in ima l ly d emented (mean age = 87.3 

years) ,  n ine m i ld ly/moderately demented (mean age = 80.6 years) , and 27 hea lthy 

elderly (mean age = 8 1 . 1  years) part ic ipants. The groups were sim i lar with 

respect to premorbid IQ and school leaving age. P rospect ive memory was 

assessed with th ree event-based tasks. The fi rst task ,  remembering an 

appointment, requ ired part icipants to remember to ask the interviewer to do 

something when a buzzer sounded. The second task, remembering a belonging, 

requ i red part icipants to provide the interviewer with a personal belonging at the 

start of  the session and then remember to ask for it back when the session was 

complete. The final task, remembering to deliver a message, was embedded 
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with in another task that invo lved walking a specific route around the room . The 

prospective memory aspect of the route walk ing task involved pick ing up  an 

envelope at the start of  the route and then putting it back at the end.  The task was 

performed both immediately and after a 20 m in delay. 

The resu lts of H uppert and Beardsal l 's ( 1 993) study indicated that both the 

m in ima l ly demented group and the m i ld ly/moderate ly demented group had 

statistical ly s ign ificant prospective memory deficits relative to controls. A 

reanalysis of the data in terms of �S showed that the largest deficit occurred for 

remembering a belonging,  in both the m i n im al ly demented g roup (d = 2.25 ,  1 .43-

3 .07)  and the m i ld ly/moderately demented g roup  ( d  = 2.55,  1 . 64-3.45) .  

I nterest ing ly, verbal recal l  was less impa i red than prospect ive memory, despite 

the recal l  task being more d ifficu lt ,  part icu lar ly in the m in imal ly  demented pat ients. 

Fu rthermore, an analysis of covariance reported by Huppert and Beardsa l l  

showed that prospect ive memory deficits remained after the var iance due  to 

retrospective memory impairment was part ia l led out .  

More recent research indicates that prefrontal function ing,  and to a lesse r  extent 

h ippocampal function ing ,  are involved in prospective memory performance. 

McDanie l ,  G l isky, R u bin ,  G uynn ,  and Routh ieaux ( 1 999) stud ied event-based 

prospective memory in 41 elderly part icipants . Part icipants were subd ivided into 

one of fou r  groups based on whether they were h igh- or low-function ing on frontal 

tasks and whether they were high- or low-funct ion ing on h i ppocampal tasks. 

McDanie l  et al . conc luded that the low-frontal-f unct ioning g roup had s ign if icantly 

poorer p rospect ive memory than the h igh-funct ion ing group ,  suggest ing that 

frontal p rocesses p lay a key role .  I n  add it ion , a l though the re was no stat ist ica l ly  

s ign ificant d ifference in performance between the h ippocampal  groups, the low­

h ippocampal part ic ipants were reported as having  poorer p rospect ive memory. A 

reanalysis of the i r  resu lts in  terms of ESs revealed that there was a large 

prospect ive memory deficit i n  low-frontal-funct ion ing  part ic ipants relat ive to h igh­

frontal-funct ion ing  part ic ipants ( d = . 89, .23- 1 .55 ) .  There was a lso a smal l  deficit 

in l ow-h ippocampal  part ic ipants relat ive to h igh-h ippocampal  part ic ipants (d = .43, 
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- . 2 1 - 1 .07) , but no interact ion between frontal and h ippocampal status .  The 

authors also suggested that their resu lts are cons istent with the view that 

execut ive functions, such as organ is ing the execut ion of an intended act ion 

(served by frontal processes) , are involved in prospective memory. F u rtherm ore ,  

h ippocampal funct ion ing may be involved in the  retrieval process o f  p rospective 

memory. 
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The memory m odels developed in cognit ive psychology suggest that memory is 

not a homogenous entity, but is  mu lt ifaceted and h igh ly versat i le ( R ichardson­

Kiavehn & Bjork, 1 988) . "Memory seems to comprise several d ist inct yet m utua l ly 

interacting systems and subsystems, each d iffer ing either in  the type of 

information stored, the processes act ing on that i nformation, or both" ( He inde l ,  

Salmon, & Butters, 1 993, p.  740) . I n  Schacter and Tu lving's ( 1 994) view, "memory 

systems are large, elaborate, and comp lex. They have fuzzy boundar ies,  have 

overlapping constituent processes, and i nteract with one another in intr icate ways" 

(p. 1 8) .  In addit ion, there is widespread agreement that these system s  a re 

anatom ica l ly d ist inct, although there is less agreement on what const i tutes a 

memory system or  the exact neural networks that mediate their process ing 

(Gabrie l i ,  F le ischman, Keane, Rem inger, & Morre l l ,  1 995) . 

Over a number  of years, Tu lving and Schacter form u lated a comprehens ive theory 

of h uman memory, which now consists of f ive m ajor  systems: procedural memory, 

perceptual representation (PRS) ,  semantic memory, working memory, and 

episodic memory (Schacter & Tu lving, 1 994). The h i story of their m u lt ip le memory 

system approach, variat ions, and contrast ing theories have been reviewed 

extensively (e. g . ,  Schacter & Tu lving, 1 994) . I focus here on Schacter and 

Tu lving's five m ajor systems  and what is cu rrent ly known about the neu ra l  

structures that subserve these systems.  
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Procedu ra l  m emory is  involved in learn i ng  various kinds of behavio u ra l  and 

cogn it ive sk i l ls  and algorithms.  Schacter and Tu lv ing proposed several 

subsystems of procedural memory: motor sk i l ls ,  cogn it ive sk i l ls ,  s imp le  

condit ion ing ,  and s imple associative cond it ion ing.  The procedu ral memory system 

operates at the subconscious level and i ts o utput is  noncogn itive, whereas the 

othe r  fou r  m ajor  systems are concerned with cogn it ion (Schacter & Tu lv ing, 1 994) . 

Severa l l i nes of evidence suggest that the p rocedural memory system involves 

p rocesses m ed iated by the pr imary motor and sensory cortices, the basal gang l ia ,  

the cerebe l l um ,  and the dorsolateral and the m id lateral frontal l obes (Moscovitch , 

1 994; Oscar- Berman & Bardenhagen , 1 998; Sa lmon ,  L ineweaver, & He indel ,  

1 998) .  

The second m ajor  memory system described by Schacter and Tu lv ing ( 1 994) , 

working memory, is  responsib le for temporar i ly hold ing and process ing 

informat ion.  Baddeley ( 1 992a, 1 992b) estab l ished a mu lt ip le component m odel of 

working memory, comprising of a central executive and two act ive s lave systems:  

the v isuospat ia l  sketchpad and the phonolog ica l  loop. The cent ra l executive i s  

respons ib le fo r  d irect ing attention and determ in ing which i tems wi l l  be stored in 

working memory (Baddeley, 1 994). The v isuospat ia l  sketchpad and phonological  

loop are responsib le for hold ing and man ipu lat ing visuospat ia l  i nformat ion and for 

m aintai n ing  speech-based informat ion, respectively (Baddeley, 1 994) . Evidence 

from a variety of sources, i nc lud ing neu ropsycho log ical and neu ro imag ing stud ies, 

suggests that structu res in the prefrontal cortex underl ie the centra l execut ive 

system (Owen et a l . ,  1 998) . 

The remain ing th ree memory systems can be characterised as long-term systems .  

The P R S  system is involved in the  identif icat ion o f  words and objects ,  and i s  

typical ly associated with pr iming (Schacter & Tu lv ing,  1 994) . Schacter and  Tu lv ing 

p roposed th ree subsystems:  visual-word-form , aud itory-word-form , and structu ral­

descript ion .  The PRS appears to be med iated by structu res in the poster ior cortex 

(Mayes, 1 998; M oscovitch , 1 994) , or  more specif ical ly, the r ight occ ip ita l  cortex 

(Fie ischm an et a l . ,  1 995; Gabriel i  et a l . , 1 995) . 
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The fou rth major system is semantic memory, wh ich invo lves factua l  i nformat ion 

about the world and inc l udes such facts as "Robins are b i rds , "  and "Chai rs h ave 

legs" (Shoben , 1 992) .  Schacter and Tu lv ing ( 1 994) d ifferentiate two subsystems: 

spat ia l  and re lational .  Evidence from lesion and functional neu roimag ing  stud ies 

suggests that the temporal cortex, part icu lar ly the left anterolateral  tempora l  lobe,  

subserves semantic memory (F ink & Randolph , 1 998) .  Vandenberghe ,  Pr ice,  

Wise, Josephs, and Frackowiak ( 1 996) , us ing positron-emiss ion tomography 

(PET) , noted parietal and frontal cort ical  i nvolvement i n  addi t ion to the left 

temporal lobe. There was a lso moda l ity-specif ic act ivat ion in the left poster ior  

infer ior temporal su lcus for p ictu re tasks and i n  the left super ior temporal su lcus ,  

left anterior middle temporal gyrus, and left i nfer ior frontal su lcus for  words. 

Last ly, the episodic memory system is an extens ion of semant i c  memory that 

a l lows the recol lect ion of persona l  experiences th rough the use of m u lt ifeat u re 

representations involving spat ia l ,  tempora l ,  o r  contextual  i nformat ion (Schacter & 

Tu lving ,  1 994) . Several l i nes of evidence ind icate that a number of neu ra l  

struct ures are associated with episodic memory, i nc lud ing the "h ippocampus and 

related l imbic structu res in the med ia l  temporal l obes and 

d iencephalon . . . .  dorsolateral and ventromed ia l  frontal l obes, [and] c ingu l ate 

cortex" (Moscovitch , 1 994, p. 272 ) .  The neu roanatomy of episodic memory has 

recent ly been reviewed extensively (e .g . ,  E ichenbaum,  1 997; Gabrie l i ,  1 998; 

Squ i re ,  1 994; Ungerleider, 1 995; Woodruff-Pak, 1 997) . 

Schacter and Tulving ( 1 994) d ifferentiate the i r  concept of memory systems from 

"forms of memory," "memory p rocesses , "  "memory tasks, "  and "expressions of 

memory . "  They suggested that wh i l e  these terms are related to the concept of a 

memory system they do not i n  themselves const i tute a memory system.  Accord i ng  

to  these authors, terms such as  recogn it ion memory and olfactory memory 

describe forms of memory and sho u ld not be thought of as specific memory 

systems. Furthermore, memory processes (e .g . ,  encod ing,  rehearsal , and 

retr ieval )  concern the operat ion of  memory, possi b ly i n  more than one system .  
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Also, care should be taken when re lat ing task performance to the funct ion ing  of a 

memory system. Memory tasks m ay tap a s ingle system , but  frequently mo re than 

one system is involved. Moreover, task performance genera l ly invo lves an 

interact ion between cogn itive funct ions (Markowitsch , 1 998) . 

Schacter and Tu lving ( 1 994) went on to suggest that expressions of memory such 

as explicit and implicit are not memory systems, but refer to  forms of  memory that 

can be d ist ingu ished both on psycho log ical and behaviou ra l  g rounds .  The 

q uestion of whether they are subserved by the same underlying m emory system 

or d iscrete systems is sti l l  open to debate.  Common ly, the terms expl ic it and 

imp l icit a re used to d istingu ish between two broad classes of  memory tests .  

M oscovitch ( 1 994) defines expl ic it tests as those that requ i re conscious 

reco l lection of past events, whereas imp l i cit tests are those i n  which mem o ry for 

the past is inferred from changes in performance with experience o r  pract ice. A 

s im i lar  d ist inction has been made between declarative (exp l ic it) and 

nondeclarative ( impl icit) memory (e.g . ,  Cohen & Squ i re, 1 980; Squ i re, 1 992) .  

U nder th is scheme, Schacter and Tu lving 's { 1 994) procedu ra l  and P R S  system 

are described as nondeclarative, wh i le the other systems are declarative. 

Recent f ind ings from memory studies us ing funct ional neu ro imaging techn iques 

have genera l ly supported neu ropsycho log ical research resu lts ,  but  have a lso lead 

to new ins ights .  Berent and G io rdan i  ( 1 998) afte r  an extensive review of the 

l iterature drew the fol lowing conc lus ions:  

1 .  H uman memory i nvolves bra in reg ions bel ieved to be invo lved in m otor 

control and sensory process ing .  

2 .  Memory encoding,  storage and retrieval processes are l i ke ly mediated 

by d ifferent bra in regions.  
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3. D ist inct ions between declarat ive, procedu ral and other types of memory 

have ut i l ity in  cogn it ive research and these var ious classes of memory 

appear to be mediated by different neural networks. 

4. The normal bra in  m ay work d ifferently than the diseased b rain and the 

young brain may work d ifferently than the o ld brain in how each changes 

phys io logical ly in  response to experiential st imu l i .  

5 .  Short-term memory traces appear to be  represented d ifferently than are 

long term-term memories and these differences may be systemat ica l ly 

dynamic .  

6 .  Memory may be mediated s imu ltaneously by d ifferent bra in reg ions .  

7 .  A local iz ing model that cons ists solely of brain mapping w i l l  not suff ice 

to answer the com plex quest ions involved in understand ing h ow the b ra in  

responds to  exper ience. 

8. Memory subtypes may be med iated by d i fferent neurochemical systems  

and these d ist inct ions may prove to  be more im portant than are d ifferences 

in structu ral reg ions.  

9. Neu ral substrates of memory are heterogeneous and d istr ibuted wide ly 

in the brain . (pp . 1 35 - 1 36) 

Wh i le both recal l  and recogn it ion memory f it with in the episodic memory system , 

theoretical models are needed to exp la in  the processes involved. General ly, 

models of recogn it ion have either grown out of retr ieval models of reca l l  or  h ave 

been contrasted with these models .  I n  addit ion to the interest in recogn it ion 

memory models, the way recognit ion is measu red has received considerab le  

attent ion . The next two sect ions briefly summarise the models and the measu res 

of recognition memory. 
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Models of Recognition Memory 

Theoretical accounts of recogn it ion memory have a relat ively long h istory and as 

a consequence m u ch has been written on the topic. Most models have been 

developed over a number of years and subt le changes have been made to 

account for subsequent exper imental f ind ings .  General ly, recogn it ion memory has 

been model led by either a s ing le-process or a dua l -process. Single-process 

models have been developed under a number of gu ises and include discrete-state 

models 
-
(e .g . , Bern bach , 1 967; K intsch , 1 967) , strength m odels (e. g . ,  Anderson & 

Bower, 1 972, 1 974; Kintsch ,  1 970) , scann ing models (e. g . ,  Murdock, 1 974) , 

mu lt ip le-trace models (e.g . , H i ntzman,  1 988) ,  the Search of Associat ive Memory 

(SAM) model (G i l l und & Sh iffr in , 1 984) , spreading activat ion models (e .g . ,  

Anderson , 1 983) , and connect ion ist models (e . g . ,  Ratcl iff, 1 990) .  These models 

al l  share the assum ption that recogn it ion j udgements are on ly based on an 

assessment of fam i l iarity (or strength) .  I n  contrast, dual-process models (e. g . ,  

Atk inson & Juola, 1 974; Mand ler, 1 980; Yonel inas, 1 994) assume that recogn it ion 

is  based on fam i l iar ity and ret rieval mechan isms.  Fam i l iarity i s  a rapid,  d i rect­

access process that is independent of the s lower reca l l - l ike search process wh ich 

invo lves associat i ve o r  elaborat ive process ing (Johnson & Hasher, 1 987) . 

S igna l  detect ion theory (G reen & Swets, 1 966; McN icol , 1 972) has played a 

prom inent ro le in memory theory s ince Egan ( 1 958, c ited in McN icol, 1 972) f i rst 

appl ied SOT to the study of recogn it ion memory .  With regard to recogn it ion 

m em ory, SOT is appl ied to the fam i l iarity component and therefore its use can be 

found  in both s ing le- and dual-process models. Anderson and Bower ( 1 972) 

descr ibed the appl ication of S OT to recogn it ion memory as fo l lows: 

[The SOT] approach assumes that there is one normal d istribution of 

strengths for those items which have been stud ied recently, and a d ifferent 

normal distr ibut ion for those items wh ich have not. The fi rst d istr ibut ion is 

cal led the "o ld" and the second the "new. " The average distance between 
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the two d istr ibut ions ref lects the amount of strength that was added to the 

stud ied items by the i r  recent presentat ion .  l t  is assumed that the subject 

chooses some crite rion point ,  C, along the d imension of st rength . . . .  lf the 

strength of  a part icu lar item exceeds C, the subject wi l l  decide i t  is an o ld  

item and thus "recogn ize" i t .  If the strength is less than C, the subject wi l l  

decide i t  is  a new item and  reject i t .  (pp. 98-99) 
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I n  summary, early models of recogn it ion memory assumed that recogn it ion 

judgements were based on a s ing le-process (usual ly an assessment of 

fam i l iar ity) . Later m odels have used a dual-p rocess mechanism where recognit ion 

judgements are thought to be based on both a fam i l iar ity com ponent and a recal l­

l i ke search p rocess .  Regard less of the type of model ,  the fam i l iar ity component 

has most often been described i n  terms of SOT. 

Measures of Recognition Memory 

Meas u res of recogn it ion can be characterised by the type of information the 

part ic ipant m ust recogn ise, by the type of test used, by the type of p rocedu re 

used, and by the exper imental measu re (Mu rdock, 1 982) .  D rawing ma in ly from 

M u rdock's work, each character ist ic is descr ibed below in more deta i l .  

Recogn it ion memory tests genera l ly invo lve item information, bu t  they can a lso be  

designed to  test associative information and serial-order information. I tem 

information concerns the fact that some item , object , o r  event has occu rred in the 

past. lt i s  often context specific and may be in  the form of words, numbers, 

common objects, abstract d rawings ,  or p ictu res of faces. As noted earl ier , face 

recogn it ion cou ld be distinct from other  forms of recogn it ion as it may involve at 

least some face-specific process ing mechan isms (Bruce & Young, 1 986;  

Geschwind, 1 979) ,  although others argue that there is no compel l i ng  evidence to 

support th is view (e.g . ,  E l l is , 1 98 1  ) .  Associat ive information concerns the 

re lat ionsh ip  between two items ,  objects, or events (e. g . ,  names and faces, words 
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and the i r  mean ings, and art ists and the i r  works) .  Serial-order information 

concerns the order of item s  o r  sequence of events. 

Th ree main types of test are used to assess recogn it ion memory: yes -no tests, 

forced-choice tests, and batch testing. A yes-no test invo lves a binary response 

to a quest ion (e.g . ,  is  Wel l ington the capital of New Zealand?) Forced-choice 

tests involve the presentat ion of a s ing le target along with one o r  more distracters. 

The more s im i la r  the d istracter is to the target, the harder the task and, thus, the 

lower the recogn it ion score (S ingh & Co le ,  1 985) .  Forced-choice tests are a lso the 

on ly type of  test nearly free from response bias ( i .e . ,  b iases in favou r  of  a 

part icu lar  response when certain fixed alternat ives are avai lable) (Cronbach , 

1 950 ,  p. 3) .  F inal ly ,  in batch test ing ,  a l l  targets and dist racters are presented at 

once . The part ic ipant m u st then work th rough the items d iscrim inat ing targets from 

d ist racters. 

There are two main types of procedu re: the study-test procedure and the 

continuous-task procedure. In the study-test procedu re a l ist of items (e.g . , words ,  

d rawings,  o r  sentences) is shown to  the  part ic ipant, fo l lowed immediately, or  after  

some delay, by one of the recogn it ion tests described above. In the cont inuous­

task procedu re there is no c lear separat ion between the study and test phase. 

St im u l i  a re presented one after another  and the part ic ipant m ust respond to each 

i tem as it appears . That is ,  "on the fi rst presentat ion of an item , the correct 

response is 'no' ( ! ha ve not seen this item before in this list) and on subsequent 

p resentat ions [of the same item] the correct response is 'yes' ( I  have seen this 

item before in this list) (Mu rdock, 1 982, p .  5 ) .  

There are th ree ma in  measu res used in the  assessment of recogn it ion memory: 

accuracy, latency, and confidence. Accu racy is usua l ly expressed in SOT 

term ino logy. I n  a yes-no procedu re, scores can be calcu lated for the hit rate 

(proport ion of "yes" responses to o ld items) and for the false alarm rate 

(proport ion of "yes" responses to new items) separately. However, these 

measu res of accuracy are not free from response bias. The SOT model of 
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recognit ion memory is important because it provides means of deal ing w ith 

response bias. That is ,  a measu re of the average strength of the o ld  items ,  known 

as d-pr ime (d') .  Th is stat ist ic is a funct ion of both the h it rate and the false a larm 

rate. In a forced-choice procedu re ,  percentage correct (PC) is usua l ly  used , but it 

is poss ib le to convert the data to d'. Latency can be defined as the amount of t ime 

elaps ing between stim u lus presentation and response in i t iat ion .  Conf idence 

judgements are the part ic ipant 's assessment of h is or her own accu racy, and are 

often integrated with yes-no responses or  g iven separately. 

General Summary 

Parkinson's d isease is a neu rodegenerat ive d isorder that is  pr imar i ly associated 

with motor symptoms ,  but  can a lso produce specific cogn it ive defic i ts in  

individua ls without dementia. Whether or  not a s ingle un ify ing theory ,  such as 

Brown and Marsden's ( 1 990) p rocessing resources theory, can account for a l l  

cogn it ive dysfunct ion in PO is open to debate. Many issues a lso need cla r if icat ion , 

part icu lar ly with regard to memory. One issue h igh l ighted in th i s  review concerned 

the apparent d issociat ion between recal l  and recogn ition memory. 

Several stud ies (e . g . ,  F lowers et a l . ,  1 984; Lees & Sm ith , 1 983; Tay lor  et a l . , 

1 986) appear to have been inst rumental in  estab l ish ing the view that recogn it ion 

memory is relatively normal in P D .  However, this notion appears unwarranted 

g iven that these studies had only l im ited stat ist ical power. M oreover ,  other studies 

have reported impa i red recogn it ion memory i n  nondemented PO part ic ipants (e. g . ,  

O 'Su l l ivan , 1 998; Sahakian et a l . ,  1 988) .  The evidence reviewed i n  th is chapter 

ind icates that deficits in  recogn it ion memory may be moderated both by task 

variables (e . g . ,  task diff icu lty) and by part icipant variables (e . g . ,  d isease stage or 

severity) . The extent to wh ich e i ther is involved may be better  est imated by us ing 

meta-analytic procedu res than the narrat ive approach so far adopted. At the most 

basic level ,  meta-analys is refers to a set of statist ical techn i ques for summaris ing 

a body of l iteratu re (see chapter 2 for fu l l  deta i ls) . Although the use of meta­

analysis is becom ing increas ingly common in the psychological l iteratu re ,  no such 
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analysi s  has been conducted with in the PD l iteratu re with respect to recogn it ion 

memory. 

A meta-ana lysis wi l l  not usua l ly p rovide answers to questions  that have not been 

explored at the pr imary research leve l .  H owever, a meta-analys is may be very 

effective in terms of h igh l ight ing both the strengths and the weaknesses of 

exist ing stud ies ,  and the d i rect ions for future primary research (Eag ly & Wood, 

1 994) .  

In the present invest igat ion , a meta-analysis was conducted before design ing a 

pr imary level study. The m eta-ana lys is was des igned to isolate poss ib le sou rces 

of variabi l ity among the stud ies and to estimate the magn itude of any memory 

deficit .  I n  addit ion ,  a power analysis was conducted fi rst in o rder to quantify the 

level of stat istical power in previous  research . Low stat ist ica l power wou ld fu rther 

j ust ify the use of the meta-analys is ,  because low power means the r isk of a Type 

1 1  statist ical error (erroneous ly conc lud ing there is no effect) is h igh (power = 1 -

probabi l ity of a Type 1 1  error) . l t  wi l l  be seen that m any of the stud ies reviewed 

have very poor levels of power (< 30%) . One way of overcom ing th is problem is to 

combine the resu lts in a m eta-analysis thus enab l ing an overal l  assessment of the 

popu lat ion ES.  
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POWER A N D M ETA-ANALYSES 

Introduction 

The power of a statist ical test is the p robabi l ity that i t  w i l l  yield stat ist ical ly 

s ign ificant resu lts ( i . e . ,  the probab i l ity of detecting an effect g iven that there 

actual ly is a real effect ) .  Stat ist ical power analys is explo its the relat ionsh ip among 

the fou r  variables involved in stat ist ical i nference: stat ist ical power ,  popu lation ES, 

alpha leve l ,  and the sample s ize. The populat ion ES is the magni tude of the real 

effect to be detected . The alpha level specifies the maxim um risk of m i staken ly 

reject ing the nu l l  hypothesis, also known as the Type I error rate . Convent ional ly, 

alpha is usual ly set at p = .05 .  The sam ple size is the s ize of the sam ple taken 

from the popu lation to wh ich one wishes to general ise resu lts. G iven that the 

assumptions of the stat ist ical  model being used ho ld ,  the va lue  of any one of 

these variables may be determ ined as a function of the other  th ree . 

Jacob Cohen is widely credited with introducing stat istical power analys is to the 

behaviou ral  sciences. To s imp l ify the procedu re of stat ist ical power analys is ,  

Cohen defined th ree leve ls  of  popu lation ESs :  sma l l ,  mediu m ,  and large (Cohen, 

1 988). Since Cohen's ( 1 962) fi rst stat ist ical power su rvey, many s im i la r  su rveys 

have shown that smal l -to-med ium ESs are the norm in behaviou ral  science and 

that the statist ical power to detect effects of these magnitudes is low (Ross i ,  1 990; 

Sed lmeier & G igerenzer, 1 989) .  The impl icat ion is that researchers genera l ly  

have had a poor chance of  detect ing smal l-to-med ium effects, even when the 

effects are rea l .  
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With in  the framework of stat ist ical s ign if icance testing, stat ist ical power est imat ion 

is important for severa l reasons (Cohen , 1 988; Ross i ,  1 990; Stevens,  1 980) . F i rst, 

the est imat ion of stat ist ica l power is essent ial when interpret ing nons ign ificant 

effects . When stat ist ical power is  low, a n u l l result is ambiguous because it may 

mean that either there is no  effect, or  there is an effect but the study was not 

sensit ive enough to detect it ( Fagley, 1 985) .  This problem is more ser ious when 

the nu l l  hypothesis is the research hypothesis ,  and, thus,  is confi rmed when the 

resu lts are nons ign ificant. Nu l l  resu lts shou ld on ly be interpreted when stat ist ical 

power is suffic ient .  Second ly, i f  researchers are going to invest t ime ,  effort , and 

resou rces into a study then they shou ld  g ive themselves the best chance of 

reaching the correct conc lus ion .  Cohen ( 1 988) suggests a m in imum power level of 

.80 ( i . e . ,  an 80% chance of detect ing an effect shou ld one exist) .  Th i rd ly, and 

m ost important ly, investigators research ing  in an area where ESs are known to 

be, o r  suspected to be, smal l m ust ensu re that stat istical power is as h igh as 

poss ib le .  On ly then do they have a reasonable chance of detect ing an effect, or of 

repl icat ing some important resu lt when us ing statistical  s ign if icance test ing 

(Wh i tt ington & Podd, 1 996) .  

However, the use of statist ical  s ign if icance test ing has been debated s ince the 

1 950's (Eysenck, 1 960) . In every decade s ince then , com mentators have argued 

that the rel iance on stat ist ical s ign ificance test ing in psychology and related 

discip l i nes has had a detrimental effect on the cumulation of knowledge (e. g . ,  

Cohen,  1 994; C ronbach , 1 975 ; Eysenck, 1 960; Salsburg, 1 985; but see Chow, 

1 988, for an a lternat ive view) . L ikewise,  the authors of several majo r  stat ist ical  

texts used by psycholog ists have h igh l ighted the problems associated with 

stat ist ical s ign ificance test ing (e. g . ,  Hayes, 1 973; Keppel ,  1 99 1  ) .  Moreover, 

Schm idt ( 1 996) showed very c learly that we shou ld abandon the s ign ificance test 

and i nstead use poi nt estimates of ES and confidence intervals a round these 

point est imates for the analysis of data from ind ividual stud ies . Recent ly, Zakzan i s  

( 1 998) argued that readers of neu ropsycholog ical reports wou ld be better served 

if the words significance and nonsignificance were not used to describe research 

f ind ings .  With regard to analys ing the data from mu lt iple stud ies, there is now 
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substantial support for the use of m eta-analys is  (e.g . ,  Rosentha l ,  1 99 1 , 1 995;  

Schm idt, 1 992 , 1 996;  Zakzan is ,  1 998) . With in  the field of psychology the use of 

meta-analysis and stat ist ical power analys is is becom ing increas ing ly com mon ,  

and the report ing o f  ESs i s  advocated by a n umber of jou rna ls ,  such as  those 

pub l ished by Amer ican Psycholog ical Associat ion ( 1 994) . 
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One danger of relyi ng  on stat ist ica l sign ificance test ing is that researche rs often 

take a stat istica l ly s ign if icant p value  as evidence for an important effect 

(Borenstein ,  Rothste in ,  & Cohen, 1 997) . Conversely, a nonsign if icant f i nd ing  i s  

often taken to  im ply that there is  no  effect at a l l .  However, the p va l u e  is  a funct ion 

of two factors, ES and sampl ing error (Carver, 1 993) . Carver noted that when 

sampl ing error is  very smal l  ( large n) , even d i fferences of a tr ivial s ize can be 

stat ist ica l ly sign if icant .  Conversely, when sam pl ing error is large (sm a l l  n) ,  l arge 

differences may not be stat ist ical ly sign ificant .  Fu rthermore, Schafer ( 1 993) 

pointed out that "th e  event of nons ign if icance suggests only that the data a re not 

sufficient to est imate a parameter. In other words,  the range of l ike ly parameter 

est imates includes zero. Th is does not mean the data est imate the parameter to 

be zero ! "  (p. 384-385) .  By report ing the magn itude of the effect and the 

associated confidence interva l ,  a clearer p ictu re of the find ings is  provided .  

With respect to  the analys is of data from m u lt i ple stud ies, meta-analysis was 

developed independent ly by G lass ( 1 976) and Schm idt and H unter ( 1 977) , with 

important contr ibut ions from other researchers (Hedges & O lkin , 1 985;  Rosenthal 

& R ub in ,  1 982) . Meta-analys is is a perspect ive that uses objective techn iques for 

research synthesis .  l t  was designed to be a m ore precise and quant itative m ethod 

for integ rat ing study f ind ings than the trad it ional narrative review (Hunter & 

Schm idt, 1 990) . The advantage of a meta-ana lysis over a narrat ive review is m ost 

clearly seen when t ry ing to i ntegrate conf l ict i ng f ind ings across large n u mbers of 

studies.  In these s i tuat ions, the stat istical techn iques developed by H unter and 

Schm idt a l low a meta-analyst to est imate how m uch variance in  a set of ESs can 

be attr ibuted to sam pl ing error. Large amounts of variance not accoun ted for by 

sam pl ing error ind icate possible m oderators , whereas small amounts of var iance 
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can usual ly be ignored (Hunter & Sch m idt ,  1 990) . F inal ly, it shou ld be noted that a 

meta-ana lysis w i l l  not always provide a conc lus ive answer to a research quest ion , 

but  may h igh l ight productive d i rect ions for futu re research ( Eagly & Wood , 1 994) . 

Purpose of the Power and Meta-Ana/yses 

The present invest igat ion a imed to c larify the degree of impairment in PO 

recognit ion memory by us ing stat ist ical power analysis4 and meta-analys is to 

provide a com prehensive view of the l iteratu re on the topic. The meta-analys is  

was des igned to isolate poss ib le sou rces of  var iabi l ity among the stud ies 

involv ing recogn it ion memory and to p rovide a quantitative est imate of the 

magn itude of any memory deficit . G iven the problems assoc iated with s ign if icance 

test ing ,  no attempt is made in  the meta-ana lyses to calcu late the stat ist ical 

s ign if icance of the observed effect . 

The power analys is was conducted fi rst i n  order to quant ify the level of stat ist ical 

power in  p revious research .  l t  was des igned to avoid some of the problems 

associated with past analyses. Specifical ly, power surveys in the behaviou ral 

sciences have suffered from at least th ree l im itat ions. F irst, the sample period 

genera l ly has been l im ited to just one year of one journal ( Ross i ,  1 990) . Second, 

the specif ic defin it ions of smal l ,  med i um ,  and large ESs are, by Cohen's ( 1 988) 

own admiss ion ,  arb itrary. Therefore, the power su rveys wil l  on ly be as 

representative as the ESs are of the actua l  effects in research ( Ross i ,  1 990) . 

However,  it can be noted in  passing that Cohen's estimates have now been 

supported by severa l  recent ES su rveys ( Rossi ,  1 990; but see M u rray & Dosser, 

1 987, for su rvey l im itat ions) .  Th i rd ,  near ly al l  power surveys have covered b road 

research domains ( Ross i ,  1 990) and therefore tell us l itt le about specific areas of 

research . By narrowing the research domain and expanding the t ime-frame and 

4 Power computations were conducted by Melanie Kan as part of a small Honours project .  
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number  of journals ,  the p resent power analys is provides a more accu rate 

assessment of stat ist ical power.  

Method 

Literature Search 
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The l iterature search was rest ricted to journal art icles publ ished between the 

years 1 978 and 1 997 inc lus ive . The main reason for  on ly us ing stud ies pub l ished 

in th is 20-year period was to avo id those that may have used part ic ipants who had 

d iso rders other than id iopath ic  PO (e. g . ,  ShyOrager  syndrome, and progressive 

supranuclear palsy) . Such d isorders were once c lass ified as PO but are now 

recogn ised as separate d isease ent it ies (H ietanen & Terava inen ,  1 986) . 

Unpubl ished studies were not used in the present power and meta-ana lyses.  

Meta-analysts usua l ly inc lude unpub l ished material to reduce pub l icat ion b ias 

( i . e . ,  b ias due to select ive ly pub l ish ing  on ly s ign if icant resu lts) .  However,  Co l l i ns  

and M i l ler ( 1 994) argue that pub l icat ion bias is un l ike ly in some cases; the i r  

argument appl ies here. F i rst, the l iterature on memory defic its in  P O  conta ins 

many incons istent find ings  and several pub l ished stud ies have fa i led to f ind a 

memory impairment. Second ,  i n  m any stud ies, the main focus was not recogn it ion 

memory; so it is less l ikely that a nons ign ificant recogn it ion effect wou ld  exert a 

systematic b ias on pub l ished research . Therefore, g iven what appeared to be a 

smal l  r isk of publ icat ion b ias ,  it was deemed too cost ly to search and gathe r  a l l  

unpubl ished work. 

Several methods were used to search the pub l ished l i teratu re. F i rst, computer­

based informat ion searches on Psyclit  and Medl ine were conducted. Key words 

used in  the computer searches inc luded Parkinson 's disease, paired with the 

descriptors cognition, cognitive deficit, cognitive impairment, memory deficit, and 

memory impairment. Second ,  a m an ua l  l iterature search was conducted on the 

journals considered m ost l ike ly to p ubl ish stud ies on cogn it ive defic its in  PO (see 
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Append ix A for a l ist of these jou rna ls ) . These jou rnals were searched issue by 

issue for the years 1 993- 1 995 . I n  addit ion , the references of review art ic les were 

searched for further art ic les.  F ro m  the large pool of references generated , on ly 

those that met a n umber of i nc l us ion cr iter ia were used (see Appendix B for a fu l l  

l is t ing o f  the references inc luded i n  the  power and  meta-analyses5) .  

Genera/ Inclusion Criteria 

Al l  stud ies selected for inc lus ion h ad to be pub l ished in a peer- reviewed,  Eng l ish­

language journal with a pub l icat ion  date between 1 978 and 1 997. To be inc luded 

in  the power analysis ,  a study had to compare the performance of people with P O  

t o  healthy controls o n  a task exp l ic it ly described as measuring  memory.  T o  be 

inc luded in the meta-analysis ,  the memory task had to measu re recogn it ion 

m emory (see recogn it ion task inc l us ion cr iter ia below) . I n  addit ion , a study had to 

report suffic ient information to perm it ES estimation as descri bed below. 

Power Analysis 

Exclusion Criteria 

Pre l im inary calcu lat ions showed that the average n umber of stat ist ical tests in  

each art icle for wh ich power cou ld  be calcu lated numbered about 1 0. A power 

analysis for smal l ,  med i um ,  and large ESs wou ld  have amounted to some 2600 

power calcu lat ions. Therefore, a set of cr i ter ia was developed to l im it the n u m ber  

of  ca lcu lat ions. 

F i rst, a l l  statist ical tests were exc luded other than t and F tests . These stat ist ics 

were by far the most common ly used tests for eval uating the most important 

hypotheses. P rocedu res for calcu l at ing power for t and F tests are wel l  

estab l ished ,  un l ike for some other  stat ist ics (e .g . , nonparametric tests) .  Second ,  

5 Note that al l references used in  t he  power and meta-analyses appear i n  the main reference 
sect ion regardless of whether or not they are cited in  the text. 
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tests that were per ipheral to the ma in  hypotheses were exc luded (e . g . ,  i n it ia l  tests 

to determ ine pa rt ic ipant su itab i l ity, or  part ic ipant demograph ics) . F ina l ly, a few 

stud ies that fa i led to provide i nformat ion such as sample s ize and deg rees of 

freedom , necessary to calcu late power, were also excluded . 

A total of 46 from an in i t ia l  set of 88 stud ies remained for the power analys is .  

Where alpha-adjusted procedures were used to  control fo r m u lt ip le s ign ificance 

tests, power was calcu lated as if no adj ustment had been made. I n  such cases, 

power ca lcu lat ions wi l l  overest imate the true power by a smal l  amount  (Sed lmeier 

& G igerenzer ,  1 989) . 

Determining Effect Sizes 

Statist ical power for each test stat ist ic was calcu lated for smal l ,  med ium ,  and 

large ESs as def ined by Cohen ( 1 988) . There is evidence that Cohen 's est imates 

for these popu lat ion ESs are reasonably accu rate ( Rossi ,  1 990) . P revious power 

analyses (Cohen , 1 962; Ross i ,  1 990; Sed lmeier & G igerenzer ,  1 989; Wh itt i ngton 

& Podd, 1 996) have tended to use Cohen's popu lation estimates rather  than 

those based on the sam ple data for each investigat ion for severa l reasons .  F i rst , 

ES estimates based on sample data can be pertu rbed by error i nhe rent in  a l l  

m easu res of behaviour. Such  error tends to  resu lt in underest imates o f  the t rue 

popu lation ES. Second ,  several of  the stud ies in the present power analys is had 

smal l  sample s izes. I n  general ,  the smal ler the sam ple the less re l iab le the ES 

est imate. Th i rd ,  publ ished research often fai ls to report enough information to 

calcu late a samp le ES. A fou rth and f ina l  reason for fo l lowing the convent iona l  

approach to est imat ing popu lat ion ESs was that data from the present study lend 

support to the est imates of  popu lation d val ues g iven by Cohen ( 1 988) . The 

ordered d val ues from the ent i re data set were d ivided into th ree equa l ly s ized 

groups yielding average d values of . 1 8  (smal l ) ,  . 52 (medium) ,  and 1 . 09 ( la rge) . 

These values are in  good ag reement with Cohen 's ( 1 988) est imated populat ion d 

values of .20, .50,  and .80, respectively. 
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Procedure 

Chapter Two Power and Meta-Analyses 

Stat istical power was calcu lated u sing the G POWER computer program 

developed by Erdfe lder, Fau l ,  and Buchner ( 1 996) .  Power can be ca lcu lated for a 

range of un ivariate test stat ist ics,  incl ud ing  t and F. The program calcu lates power 

us ing Cohen's ( 1 988) smal l ,  med i um ,  and large ESs as the defau lt .  However, any 

ES value can be entered. For each power calcu lat ion,  the appropriate val ues for 

a lpha,  ES, and N were entered and power was then calcu lated by the program for 

1 380 test stat ist ics. Where a study used a part icu lar stat ist ic more than once 

(a lmost always the case) , the m ean power level was calcu lated separately for 

sma l l ,  med ium,  and large ESs for that study. 

Meta-Analysis 

Exclusion Criteria 

A total of 39 journal papers were identif ied ; 1 7  were not used in the meta-analys is  

because they did not  use a nonneurolog ical ly impa i red control g roup (He lkala, 

Lau lumaa, Soin inen , & R iekkinen ,  1 989; P i l lon , Deweer, Ag id ,  & D ubois, 1 993) , o r  

d id  not report suff ic ient info rmat ion (AI Ia in et a l . ,  1 995; D irenfeld et al . ,  1 984; 

Jacobs et al . ,  1 995 ; Reid et a l . , 1 989; Tweedy et a l . , 1 982) ,  or used a poss ibly 

b iased measu re of recogn it ion ( Bondi  & Kaszn iak, 1 991 ; Buytenhu ijs et a l . ,  1 994; 

Daum et al . ,  1 995 ; Hart ika inen ,  Helkala, So in inen , & R iekk inen ,  1 993; P i l lon et al . ,  

1 996) , o r  used a recogn it ion test that d id not meet the cr iteria for incl us ion i n  the 

p resent analys is (Dubo is  et a l . ,  1 987; H uberman et al . , 1 994; Levin et a l . , 1 989; 

Sagar  et al . ,  1 988; Tsa i ,  Lu ,  H ua, Lo, & Lo, 1 994) . Specifical ly, tasks that involved 

batch test ing were exc luded from the analys is .  Therefore, on ly data from tasks 

test i ng  item informat ion us ing yes-no or forced-choice tests with accu racy as the 

dependent variable were inc luded . 
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Variables coded from each study 

Cod ing was carried out by the p resent author .  Rel iabi l ity of cod ing was checked 

by having a research assistant code a random ly selected subset of 33% of the 

sam ple .  D iscrepancies in cod ing were measu red with Kappa's coeff ic ient and 

Pearson's co rre lat ion for categorical data and non-categorical data, respective ly 

(Bryman & Cram er, 1 994) . Overal l ,  the cod ing was very re l iable (mean r = . 89 ,  SO 
= . 1 9) .  Where low rel iab i l it ies were found ,  after d iscussion between coders , the 

. part icu lar  variable was re-coded by the author .  Stud ies were not weighted on  the 

bas is of the i r  research qual ity. 

Genera l  information coded from each study inc luded: year of pub l icat ion and 

geograph ical locat ion of sample (North America, Un ited K ingdom , Eu rope, 

Austra l ia ,  New Zealand, or other) . 

Part ic ipant characteri stics for each study's PO and control samples were coded as 

fo l lows : gender (expressed as the percentage of fema les); handedness 

(expressed as the percentage of r ight-handers) ; and, average age of part ic ipants. 

The fol lowing characterist ics were coded for the PO sample on ly: I nte l l igence 

measu re and mean score; p remorbid inte l l igence measure and mean score ;  

depress ion measure and mean score; affect ive state of sam ple (depressed , 

nondepressed , or  unselected); m ed icat ion status (med icated, withdrawn from 

med icat ion ,  never medicated, or unselected) ;  lateral ity of d isease symptoms  

(un i lateral ,  b i latera l ,  or  unselected) ;  age of onset of symptoms (early, less than 45  

years o l d ;  late, greater than 60  years o ld ;  m idd le ,  between 45  and 60  years o ld ;  

or ,  unselected) ;  physical sym ptoms measu re and mean score; number of 

part ic ipants at each Hoehn and Yah r  stage (Hoehn & Yah r, 1 967) ; stage of 

d isease (early, late , or unselected) ;  d isease du rat ion (years) ;  dement ia measu re 

and mean score; and cogn it ive status of samp le (demented, nondemented, o r  

unse lected) .  I n  add it ion , a note was made of  whether the  PO group and  cont ro l  

g roup were matched (yes/no) , and if so ,  the variables used to match . 
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The fol lowing task character ist ics were also coded: Name of task; recogn it ion  

performance measu re (e . g . ,  percent correct, d', d iscr im inabi l i ty) ; task type (yes­

no, n-alternative) ; m odal ity (verba l ,  nonverbal6) ;  delay (delay, no de lay) ; reca l l  

( recal l before recogn it ion , recogn i t ion on ly) ; and admin istrat ion method (com puter ,  

manual ) .  

F ina l ly, a l l  stat ist ical  data needed to conduct the m eta-analys is were recorded 

(e. g . ,  sample s izes, m ean scores and standard deviations, in ferent ia l  stat ist ics ,  

degrees of freedom , s ign if icance levels) . 

Appendix C contains selected sam ple descriptors (Tab le C 1  ) ,  and task 

information and ES data (Table C2) for each study included in the analysis. 

Procedure 

The bas ic approach was m odel led on the meta-analytic techn iques of H unter & 

Schm idt ( 1 990) .  Most computat ions were made with the help of a spreadsheet or 

Schwarzer's ( 1 989) Meta-Analysis P rograms (Vers ion 5 .3) .  Schwarzer's software 

was not used for al l computat ions because modif ications made by H unter and 

Schm idt to  some of  the i r  form u lae have not yet been incorporated i nto the 

program (R .  Schwarzer, personal com m u n icat ion ,  1 998) . 

Calculation of effect sizes. The standardised mean d iffe rence, d (Cohen , 1 988) 

was used as the est imate of ES (see Appendix 0 for the formu lae used in the 

computation of d). The d stat ist ic can be def ined as the difference between the 

g roup  means d iv ided by the with in-group standard deviat ion. Where an ES cou ld 

n ot be calcu lated d i rect ly from means and standard deviations ,  d was transformed 

from t-values or F-val ues where, d = t [ (ne + ne) I (nenc)]
'/2, and t = -/F. For F va l ues 

6 Stimulus material that can not be readily labelled. 
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::; 1 ,  a d val ue  of zero was assumed .  Where only the sign if icance leve l was 

reported ,  this was converted to r and then t ransformed to d, where d = ( 1 I (pq) 1
12) r 

I ( 1 -f)
112 and p and q are the proport ions of persons in  the two g roups .  With regard 

to calcu lat ing r from s ign if icance l evels, when sign ificance or  nons ign if icance was 

reported without furthe r  information , the norma l (and conservat ive) approach was 

taken.  That is ,  when the resu lts were reported as s ign ificant, p = . 05 was assumed 

and when nons ign ificance was reported, p = .50 was assumed. 

· Multiple effect sizes from single studies. There is no genera l ly agreed m ethod for 

deal ing with m u lt ip le ESs from a s ing le  study. Inc lud ing al l  separate ESs 

regard less of the i r  i nterdependence wi l l  actua l ly lead to an underest imate of the 

degree of homogeneity across stud ies ,  but wi l l  not produce any systemat ic effect 

on the mean ES (Hunter & Schm idt , 1 990) . Where ESs come from d ifferent study 

characterist ics that act as real and substant ia l  m oderators, these ESs can be 

entered into the meta-analysis as i ndependent outcome val ues (H unter & 

Schm idt, 1 990} . However ,  others argue  that ESs shou ld be independent with each 

study represented on ly once in an ana lysis (e .g . ,  Bangert-O rowns,  1 986) .  I n  the 

present ana lysis there was l itt le bas is for  determ in ing ,  a priori, whether a var iable 

was a real m oderator or  not .  Therefore, in i t ia l ly, a weighted average ES was 

calcu lated for each study and entered into the overa l l  meta-analys is .  (Note that a 

weighted average wi l l  be an underest imate of the va l ue that wou ld have been 

obtained from an overal l  composite variable if one could be formed; Rosentha l  & 

Rub in ,  1 986. )  There was one except ion to th is  ru le :  Where a study reported 

separate resu lts for two or more i ndependent PO groups (e.g . ,  demented and 

nondemented part ic ipants) ,  a s ing le ES was computed for each g roup  i nd iv idua l ly. 

Separate control groups were not requ i red as long as suff icient i nformation was 

avai lable to calcu late ESs for each PO g roup .  

Two stud ies used some of the same part ic ipants to  obtain recogn it ion data from 

d ifferent st im u l us modal i t ies (Sagar et a l . ,  1 988, and Sul l ivan & Sagar, 1 989} . For 

p resent pu rposes the two reports were t reated as one. Overa l l ,  the p rocedu re 

used in the present analysis produced m ore ES est imates than the number of 
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papers from wh ich the data were taken . I n  tota l ,  the 22 pub l ished reports y ie lded a 

total  of 32 independent PO groups. Therefore, i n  the overa l l  meta-analys is  there 

were 32 i ndependent ESs. 

Summary analysis of effect sizes. For the overal l  analys is ,  the we ighted mean and 

variance were computed based on formu lae reported by H unter & Schm idt ( 1 990) : 

mean d = I, Wj  q I I, Wj  and observed var iance of d = L,Wj [q - 0]2 I I, Wj, where 0 is 

the weighted average of d, and Wj is the sam p le s ize of each group .  A weighted 

average ES was used s ince large N stud ies have less samp l ing error than smal l  N 

stud ies and therefore deserve more we ight .  

The popu lat ion ( res idual )  var iance, s
2

res , was then computed by subt ract ing the 

sam pl ing e rror var iance, s29, from the observed variance , s2r ,  where the samp l ing 

error var iance was computed us ing the form u la ,  s29 = [ (N - 1 )  I (N - 3)] [ (4 I N) (1 + 

d I 8) ] ,  N being the average sample s ize across a l l  groups. 

The est imate of the popu lat ion var iance served as the m u lt ip l ier i n  the form u la  for 

the 95% confidence interval (C l ) :  d - 1 .96 (S res) < ES < d + 1 .96 (Sres) . Hedges and 

O lk in  ( 1 985 , p. 80) show that d has a smal l  sample bias . By defin ing a new 

est imator, d*, they remove th is b ias: d* = d I a ,  where a =  1 + .75 I (N - 3) .  Hedges 

and Olk in  use the sym bol "d " for the i r  approx imately unb iased est imator .  To avoid 

confus ion , d* wi l l  be used to denote th is  est imator in the present study. The 

correct ion can be appl i ed either study by study or ,  as in the present analys is ,  after 

the meta-ana lys is has been done us ing the average sample s ize (H unter & 

Schm idt , 1 990) . 

To re l iably interpret the est imated popu lat ion ES ,  the underlying data set shou ld 

be homogeneous .  Hunter and Schm idt ( 1 990) suggest that a data set can be 

cons idered homogeneous when m ost of the observed var iance is expla ined by 

art ifacts (e. g . ,  sampl ing error and error of measu rement in the dependent and 

independent variables) . Art ifacts such as m eas u rement error wi l l  produce both a 

systematic reduction in the mean ES and a systematic increase in the var iance of 
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ESs ( Hunter & Schm idt, 1 990) . lt is possible to correct a m eta-analysis for the 

effect of art ifacts , p rovided suffi c ient information exists about the art i fact . 

However, substant ial evidence suggests that sampl ing error is  respons ib le for as 

m uch as 85% of this art ifactual variance (Stoffelmayr, D i l lavou ,  & H u nter, 1 983) . 

Therefore, the decision was made to correct only for samp l ing error .  Fu rthermo re ,  

i t  wou ld be d iff icu lt to  correct fo r other art ifacts s ince l i tt le i nformation is ava i lab le 

in PO research with which to make the correction . 

Once the effect of sampl ing error is removed from the data, the quest ion rema ins :  

To what extent can any res idua l  variance be explained as due to  art ifacts not 

corrected for? Hunter and Schm idt ( 1 990) suggest that i f  75% of the observed 

variance is accounted for by art i facts, then the data set can be considered 

homogeneous. In the present study, Hunter and Schm idt's ru le of thu m b  was 

used, but the actual  percentage of variance expla ined by sampl ing erro r  is a lso 

reported to al low readers to j udge for themselves. 

Some authors (e . g . ,  Rosenthal & Rub in ,  1 982) advocate the use of a stat ist ica l  

test based on the chi-square d istr ibut ion to he lp  determ ine whether there is  

heterogeneity in a data set . However, th is method suffers from a l l  the usua l  

prob lems associated with stat ist ical  s ign ificance test ing .  Most prob lemat ic  i s  the 

power of the test . I n  data sets contain ing a large number of studies,  the test wi l l  

have h igh power and almost any res idual  variance w i l l  produce a s ign if icant 

resu lt .  Conversely, in s ituat ions of low power, even large amounts of res idua l  

variance may not  be detected lead ing to the conclus ion that the data set is  

homogeneous when in fact i t  is not .  

After the effect of  art ifacts has been removed from a data set, heterogeneity may 

rema in  as a resu lt of moderating variables. To examine the inf luence of poss ib le 

m oderators in the present analys is ,  the data set was subdivided as a funct ion of 

the potent ial moderator and each subset was subjected to fu rther analys is .  At th is  

level ,  a s ingle study may contr ibute ESs to each of  the subsets provided that a 

separate ES can be calcu lated as a funct ion of the moderator. Two requ i rements 
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had to be met in order for a variab le to be classif ied as a m oderator. F i rst ,  the 

popu lat ion ES had to vary between subsets . Second, the res idual  variance in 

each subset had to be smal ler  than that seen in the data set as a whole (H unter & 

Schm idt, 1 990) . lt is  legit imate to search for moderators even after the conc lus ion 

has been made that a l l  of  the ES  variab i l ity is due to sampl ing error (Rosentha l ,  

1 995) .  This approach was taken i n  the present study when fu rther moderators 

were suspected. 

H u nter and Schmidt's ( 1 990) procedu re us ing the least squares method for 

est imat ing the mean and variance of a d istr ibution of ESs is based on the 

assumption that the data do n ot contain out l iers. They suggest that even a s ing le 

out l ie r  can greatly d istort the observed standard deviat ion,  and to a lesser extent 

the mean. Therefore, out l iers were removed from each analys is by exc lud ing 

values g reater than th ree standard deviat ions from the mean.  Subsequently, stem 

and leaf graphs were used to detect other  possib le out l iers .  

Results 

Po wer Analysis 

Table 1 summarises the resu lts of the stat ist ical power analys is ,  based on 48 

stud ies and 1 360 power calcu lat ions.  The m ed ian power values are in good 

agreement with those obtained by other  researchers (Cohen , 1 962; Sedlmeier & 

G igerenzer, 1 989) in the area of abnormal psychology. For smal l  ESs, none of the 

48 stud ies exam ined in the present study had sufficient average power for t and F 

tests . Cohen suggests a m i n imum power value of 80%, but even for a medium ES 

on ly 1 5  of the stud ies reached th is leve l .  Assuming (un real istical ly) a large ES for 

recogn it ion memory deficits in PO ,  1 2  (25%) of the studies had an average power 

value  of less than 80%. 
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Table 1 Summary Statistics for the Statistical Power Analysis 

Mean 
Median 
Standard deviation 
Min imum 
Maximum 
95% confidence interval 

Small 
20 
1 6  
1 2  
6 

55 
1 7-23 

Effect sizea 
Medium 

63 
67 
24 
1 5  

1 00 
56-70 

Note. The values represent power expressed as a percentage. 

Large 
85 
94 
1 9  
32 

1 00 
80-90 
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aCohen's (1 988) conventions for effect size (e .g . ,  smal l :  d = .20, medium: d = .50, large: d = . 80) . 

I n  summary, most studies of memory deficits in  P D  have adequate power to detect 

only large ESs; the fo l lowing resu lts of the m eta-analysis strongly suggest that 

large ESs occur on ly in  certa in subsets of pa rt ic ipants in th is f ield of research . 

Meta-analysis 

General characteristics. Data from a total of 32 independent PD groups taken from 

22 stud ies were used in the analys is .  At the study leve l ,  77% of the stud ies were 

publ ished between 1 988 and 1 997,  with the rema inder publ ished between 1 978 

and 1 987.  At the sam p le leve l ,  47% ( 1 5) of the P D  samples were taken from North 

America and 44% ( 1 4) from the UK. The rema in ing  were sou rced from E u rope 

(9%) .  The vast major ity of PD samples (94%) were matched with a healthy control 

group, most commonly on age and gender. The rema in ing sam ples (6%) were 

compared to an unmatched control group. 

PO group characteristics. At the samp le leve l ,  84% of the PD groups conta ined 

less than 25 part ic ipants, wh i le  on ly 3% exceeded 50 .  The mean sam ple s ize was 

1 8 .53 ( SO =  1 4 . 83) . From the reports that provided s ufficient information , m ost 

groups (70%) conta ined 40% or fewer females. I n  m ost groups (81  %) , the 

average age of part ic ipants was g reater than 60 years. Across al l  g roups ,  the 

mean age was 63-.4 1 years ( SO = 4 . 68) . A majority of the PD samples (75%) 

contained predom inant ly nondemented part ic ipants , wh i le 1 6% were demented, 
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and 9% were either unselected or insufficient info rmat ion was g iven to determ ine 

cogn it ive status .  

I n  a l l  cases where cogn it i ve status was reported,  i t  was conf i rmed with the use of 

a quantitative measu re (e.g . , MMSE) .  W ith regard to depression , 28% of the 

stud ies contained predom inantly nondepressed part icipants wh i le no study 

contained p redom inant ly depressed part ic ipants. H owever ,  in most studies (72%) 

part ic ipants were either unselected or  this informat ion was not reported. S i xty­

n i ne  per cent of g roups contained part ic ipants on ant ipark inson ian med icat ion ,  

wh i l e  22% contai ned part ic ipants who had never received med icat ion , the 

remai nder  being either unselected or  th is  informat ion was not reported . Just under 

half of g roups (48%) had a mean d isease du rat ion of between 5- 1 0  years, 24% 

had less than f ive years, and 1 5% had a mean du rat ion over 1 0  years. However ,  

th is information was not reported for 1 2% of the g roups used in the present 

analys is .  Fu rthermore ,  fo r many g roups (34%) , informat ion about disease stage 

was not reported. However, in  those reports that d i d  provide th is i nformat ion ,  33% 

conta ined part ic ipants in the early stages of Park inson's ,  wh i le  24% were made 

up  of  part ic ipants in  the later stages of  PD .  Nonreport ing of  part ic ipant 

character ist ics , or us ing unselected groups, were factors in m any stud ies . S uch 

character ist ics inc luded lateral ity of sym ptoms,  age of onset of symptoms, IQ ,  and 

est i mated p remorbid IQ .  

Control group characteristics. The mean sample s ize of the  23 independent 

control g roups was 24.6 1  ( SO =  1 3 .9 1 ) .  The mean age of controls was 6 1 . 9 1  

years ( SO = 7.37) . Most (67%) control g roups cons isted of 40  to 60% males. 

Results of the m eta-analysis. Table 2 presents the resu lts of the m eta-ana lys is  

that addressed the issue of  whether recogn it ion memory is impa i red in PD.  The 

overa l l  analys is  ind icated that substantial heterogeneity existed i n  the data set. 

Therefore ,  the data were subd iv ided according to the cogn it ive status of the 

part ic ipants; that is ,  demented, nondemented , and unselected samp les . ( l t  was 

expected that cogn it ive status wou ld  be a moderator s ince memory impairment is 
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Table 2 Cumulated Effect Size (ES) Estimates and Residual Variation as a 
Function of Cognitive Status After Accounting for Sampling Error 

Moderator k N d* S�e S�res 95% CI  % Var 
Overall 32 1 401 .32 . 1 0  . 1 2  - .35-1 .01 44 
Dementeda 4 1 30 1 .30 . 1 6  .00 1 .30-1 .30 1 00 
Nondementedb 23 1 039 . 1 6  .09 .00 . 1 6- . 1 6  1 00 
Unselected 3 1 57 .52 .08 .05 . 1 1 - .95 64 

Note. k = number of ESs; N = total sample size; d* = Hedges and Olkin's ( 1 985) unbiased ES 
statist ic ;  S2e = variance due to sampling error; S2res = residua l variance; 95% Cl  = 95% 
confidence interval for d*; % Var = percentage of variance attributable to sampling error. 
aone study (Heindel, Salmon , Shults, Walicke, & Butters, 1 989) produced an ES that was 
considered an o utlier and so was excluded from the analysis. bOne study (Sahakian et a l . ,  1 988) · produced an ES that was considered an outl ier and so was excluded from the analysis. 
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a pr inc ip le component of dementia. Stud ies that used demented part ic ipants were 

inc l uded in the meta-ana lysis so as to quantify the recogn it ion defic it for a l l  

part ic ipants . )  The analysis was then repeated for each subset .  

I n  the demented subanalys is ,  the 95% confidence intervals for ind ividua l  ESs 

overlap substantia l ly (see F igure 2) .  I n  add it ion , the  ES for every study was 

g reater than . 80 .  ESs of th is magn itude can be descr ibed as large effects (Cohen , 

1 988) .  As i l l ustrated in Table 2, samp l ing  error accounted for 1 00% of the 

observed variance, and so the mean weighted ES ( d* = 1 .30) can be cons idered 

representat ive of the ent i re set. Th is i nd icates that the recogn it ion memory 

performance of the cont rols exceeded the performance of demented P O  

part ic ipants b y  over one standard deviat ion .  

I n  the nondemented subanalys is ,  the confidence intervals also overlap (see 

F igu re 3) and the analys is  indicates homogeneity (see Table 2) .  The est imated 

popu lation ES was . 1 6 . An ES of th is magn itude ind icates a smal l  recogn it ion 

deficit in  nondemented PO part ic ipants. 7 As cou ld be expected from the separate 

ana lyses of demented and nondemented cases, the th i rd subset of unselected 

part ic ipants was not homogenous ,  a l though the ES was of moderate magni tude.  

Taken together, these resu lts show that the est imated popu lat ion ES varied 

7 This is l ikely to be an underestimate of the popu lation ES as several papers (Breen, 1 993; 
Cooper et a l . , 1 993;  Heindel et a l . ,  1 989 ;  Taylor, Saint-Cyr, & Lange, 1 987) reported only that their 
results were nonsignificant. Therefore, an ES of zero was entered into the meta-analysis, whereas 
the actual ES may have been g reater than zero. 
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Figure 2. Meta-analys is  p lot of the effect s izes for each study entered i nto the 
demented subgroup analysis .  The mean d tor each study is shown by the 
points , and the horizontal l i nes show the 95% confidence interval .  

between subsets and the res idua l  variance in  each subset was smal ler  than that 

seen in  the overa l l  analysis .  Therefore, there is sufficient evidence to suggest that 

cogn itive status i s  a moderato r  (Hunter & Schm idt, 1 990) . 

Fu rther  analysis of the nondemented subset ind icated that just 35% of the ESs 

were greater than .20 ,  1 7% of  them were g reater than . 50 ,  and only one exceeded 

. 80 .  Moreover, 30% of the PO g roups cons isted of patients who were newly 

d iagnosed and had not yet received med icat ion ,  whereas the remainder were 

receiv ing ant iparkinson ian med ication . These de novo part ic ipants had a m uch 

smal ler  m ean d isease du ration ( M = 1 . 96 years, SO = 0.54) than the m ed icated 

part ic ipants (M = 8.55 years, SO = 2 . 1 5) ,  d = 3 .58, 2 .20-4.97.  In order to assess 

whether de novo and med icated P O  part ic ipants differed with regard to 

recogn it ion memory, the meta-analys is was repeated on these groups separately. 
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Figure 3. Meta-ana lys is plot of the effect s izes for each study entered into the 
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non demented subg roup analys is .  The mean d for each study is shown by the points ,  
and the hor izontal l i nes show the 95% confidence interval . Fou r  stud ies have 
m u lt ip le ent ries because they used independent groups of PO part ic ipants. 

As can be seen in Table 3, the ES varied between subsets and the variance in  

each subset was explained by sampl ing error suggest ing that medicat ion status 

acts as a moderator of  recogn it ion memory deficits in PD.  Medicated PO 

part icipants had  poorer performance relat ive to contro ls ,  whereas de novo 

part ic ipants d id  not. Th is  was ind icated by an ES of .23 for the med icated subset, 

a popu lat ion va l ue that the associated 95% C l  suggests can be viewed with h igh 

confidence. There was l itt le evidence of  a d ifference in recogn it ion memory 

performance between de novo PO part ic ipants and controls ( d* = . 05 ) .  
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Table 3 Cumulated Effect Size (ES) Estimates and Residual Variation as a 
Function of Medication Status After Accounting for Sampling Error 

Moderator k N d* s2e S2res 95% C I  % Var 
Nondemented 

Medicateda 1 6  675 .23 . 1 0  .00 .23-.23 1 00 
De novo 7 364 .05 .08 .00 .05-.05 1 00 

Note. k = number of ESs; N = total sample size; d* = Hedges and Olkin 's ( 1 985) unbiased ES 
statist ic; S2e = variance due to sampling error; S2res = residual variance; 95% Cl  = 95% 
confidence interval for d*; % Var = percentage of variance attributable to sampl ing error; De novo 
= never received antiparkinsonian medication .  
aOne study (Sahakian et  a l . ,  1 988) produced an ES that was considered an out l ier and so was 
excluded from the analysis. 

Task characteristics within cognitive status subsets. With in the demented subset, 

al l of the stud ies used a verbal recogn it ion task .  In half of the stud ies ,  the task 

i nvo lved recal l  before the recogn it ion phase. In th ree out of the four studies , the 

task had a forced delay between the presentation phase and the recogn it ion 

phase. Also, in th ree of the studies, a yes-no task was used. 

With i n  the nondemented subset, the majority (70%) of the stud ies used a verbal 

task and a maj ority (6 1 %) also used tasks invo lving only recognit ion ( i . e . , no recal l  

component) . I n  39% of the stud ies the task had a forced delay, wh i le  i n  a fu rther 

43% there was no delay. The remain ing studies used both delay and non-delay 

tasks , but the resu lts were averaged across th is factor for the pu rpose of the 

m eta-analysis .  F ina l ly, in the majority (65%) of the stud ies a m-AFC task was 

used,  wh i le i n  3 1 %  a yes-no task was used, and in one study the resu lts were 

averaged across th is  factor. 
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Discussion 

Po wer Analysis 

The stat ist ical power analysis of stud ies on memory deficits in  PO confi rmed that 

for at least smal l  and medium ESs,  power was inadequate. Maxi m u m  power for a 

smal l  ES  was j ust 55%, and only 1 5  of 48 stud ies had power :::::: 80% for a m ed ium 

ES .  The m ed ian power values in the present study ( 1 6 , 67, and 94%) are 

cons istent with power analyses conducted in the area of abnorma l  psycho logy 

(Cohen ,  1 962: 1 7, 46, and 89%; Sed lmeier & G igerenzer, 1 989 :  1 4, 44,  and 90%) .  

The gene ra l  p ictu re emerging from a num ber of power analyses in a wide range of 

subdisci p l ines in psychology is that m any stud ies s imp ly do not have the power to 

detect the effects they may pred ict ,  especia l ly when ESs are smal l .  Under s uch 

ci rcum stances , it is impossible to decide whether an acceptance of the n u l l 

hypothes is is  due to there tru ly be ing a popu lat ion ES of zero , or  due to a too h igh  

Type 1 1  erro r  probab i l ity (due to low power) . 

If it is  genera l ly true that stud ies producing smal l  ESs are underpowered , why not 

remedy the s ituat ion by increasing power? lt appears that the reasons are la rgely 

of a pract ical  nature .  Power is com p letely determ ined by the ES, N, and the a lpha 

(p) leve l .  I nc reases in any one or mo re of these wi l l  i ncrease power (Cohen,  

1 988) .  Researchers (and journal ed itors) seem re l uctant to adj ust the alpha level 

upwards , desp ite the fact that most we l l -known statist ical handbooks (e.g . ,  

Keppel ,  1 99 1 ) advocate setting the a lpha level on ly after carefu l cons iderat ion of 

the expected ES  and the costs and values associated with drawing the wrong 

conc lus ion from a set of resu lts . In regard to the ES ,  researchers probably t ry to 

the best of the i r  ab i l ity to e l im inate experim ental no ise that m ay have the effect of 

caus ing the sample ES to underest imate the true population ES .  Th us ,  there is 

probably l itt l e  room to manoeuvre here, in terms of increasing power. The 
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remain ing var iable is N, the number of part ic ipants . However,  for smal l  to 

moderate ESs,  sample s izes for most com mon statistical tests have to number  in  

the hundreds to produ ce around 80% power. The cost of  such a large N is  usua l ly 

p roh ib it ive. 

These d ifficu lt ies in obta in ing suffic ient power, especia l ly for smal l-to-med i u m  

ESs,  make i t  h igh ly l ikely that stu d ies of recognit ion deficits i n  P O  wi l l  be 

u nderpowered. That is ,  because the probabi l ity of a Type 1 1  stat ist ical error i s  

h igh ,  it is  un l i kely that sma l l  memory deficits wi l l  p roduce s ign if icant resu lts . As 

the power analys is shows , power levels have general ly been inadequate to detect 

smal l-to-med i um ESs .  

I n  summary, t he  stat ist ical power in  many investigations of memory deficits in  P O  

has been too low. There are strong reasons for bel ieving that researchers wou ld 

f ind it d ifficu l t  in practice to increase power to a satisfactory l evel ,  even if they 

wanted to. Schm idt ( 1 996) suggested that t ry ing to improve power in ind iv idua l  

stud ies may be too d iff icu lt .  A better approach m ay be to  increase stat ist ical 

power by combin ing the resu lts from several stud ies in a meta-analys is .  

Meta-analysis 

The cur rent meta-analyt ic f ind ings ind icate that cognit ive status moderates the 

recognit ion memory def ic it i n  PD .  I n  particu lar, the analysis of 4 stud ies us ing 

demented P O  part ic ipants revealed a large recogn it ion deficit (d* = 1 . 30). An 

addit ional analysis invo lv ing those stud ies us ing nondemented PO part ic ipants 

ind icated that med icat ion was also a moderat ing factor. The meta-analys is of 1 6  

stud ies us ing med icated PO part ic ipants suggested a smal l  recognit ion defic i t  (d* 

= .23) , but the analys is  of  seven stud ies us ing de novo part ic ipants ind icated l itt le 

evidence of a deficit (d* = . 05 ) .  
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Many previous reviews and some primary research examin ing m emory funct ion ing  

in PD have made l itt le d ist inct ion between demented and nondemented 

part ic ipants with regard to recogn it ion memory. The present ana lysis makes it 

clear that g lobal  cogn it ive status needs to be taken into cons iderat ion ,  espec ia l ly 

at the pr imary research leve l .  Nevertheless ,  the concept of PD dement ia is 

controversial (see chapter 1 ) ,  and is o uts ide the scope of the present study. 

Therefore, the remainder of the d iscuss ion wi l l  focus on the analysis i nvo lving  

nondemented part ic ipants. 

The meta-ana lys is provides evidence for recogn it ion memory deficits in m ed icated 

patients , but  not in patients who had never received medicat ion . lt is therefore 

possib le that antiparkinson ian med icat ion contr ibutes to the observed impairment 

in these part ic ipants. However, th is seems un l ikely because the ava i lable 

evidence suggests that dopam inergic therapy has no effect , or  may actua l ly 

improve m emory funct ion ing (Cooper et a l . ,  1 993; E I-A war et a l . ,  1 987; G rowdon 

et a l . ,  1 990; G rowdon et a l . ,  1 998; Lange et a l . ,  1 992; Moh r et a l . ,  1 989) . 

Other d ifferences between medicated and de novo pat ients provide a more 

plausib le exp lanation for the difference i n  recogn it ion memory funct ion ing .  For 

instance, the de novo pat ients genera l ly  were at an earl ier stage i n  the 

progression of the d isease than the med icated part ic ipants. As described in 

chapter 1 ,  the relat ionsh ip  between m otor d isab i l ity and cogn it ive decl ine is not 

straightforward (Starkstein & Robin son ,  1 99 1  ) .  H owever, cu rrent evidence 

ind icates that late stage part ic ipants h ave greater recognit ion memory deficits 

than those part ic ipants in the early stages (Lees & Sm ith, 1 983; Owen et a l . ,  

1 992 ; Sahakian et a l . ,  1 988) . 

Depression has been re lated to the sever ity of cogn it ive impairment in P D  

(Starkste in  e t  a l . ,  1 989) . Th i s  i s  potent ia l ly prob lematic for the present analys is 

because nearly three-quarters of the stud ies sam pled do not appear to have 

excl uded part ic ipants with depression o r  control led for differences in the level of 

depress ion .  Nevertheless, there is some evidence that depress ion m ay have l ittle 



74 Chapter Two Power and Meta-Analyses 

impact on  recogn it ion memory in PO  (Owen et a l . , 1 993) or i n  healthy elderly 

people (Boone et a l . ,  1 995) . 

Taken together, the exist ing research suggests that med icat ion and affect ive 

symptomology are un l ikely to account for the clear d ist inct ion between de novo 

and m ed icated PO part ic ipants seen i n  the present meta-ana lys is .  Although , it 

shou ld  not be inferred that both m emory and m otor defic its share a com m on 

patho logy, the d issociation i n  memory dysfunct ion is more l i kely related to m otor 

d isabi l ity. Wh i le tremor and r ig id ity resu lt from a dysfunction of dopam inerg ic  

mechan isms,  there is  l itt le correlation between these signs and cogn it ive 

performance (P i l lon et a l . ,  1 989) . However, cogn it ive dysfun ct ion is  more l i kely to 

be related to m otor d isab i l ity that i s  un respons ive to levodopa therapy (e . g . ,  gait 

d isorder) , in the sense that these two impairments may share a common 

nondopam inerg ic neurochemical patho logy (P i l lon et al . , 1 989 ;  Sagar e t  a l . ,  

1 995) .  Moreover, recogn it ion memory deficits m ay be subserved by "by 

nondopam inerg ic mechan isms such as a lterat ions of cho l i nerg ic ,  noradrenerg ic, 

o r  seroton inerg ic  project ions to the neocortex and h ippocam pus" ( Lange, Pau l ,  

Robb ins ,  & Marsden , 1 993, p .  477 ) .  Support for th is l ine of reason ing comes from 

research ind icat ing that there may be two subgroups of PD .  Zetusky et a l .  ( 1 985) 

suggested that one subgroup presents with predominant tremor, earl ier  age at 

onset, and relat ively normal funct iona l  and cogn it ive status .  The other presents 

with predom inant postu ral instab i l i ty and gait d isorder, later age at onset, g reater 

funct iona l  and cogn itive im pairment, dysarthr ia ,  dysphag ia, and more rapid 

p rogress ion .  

I n  summary, nondemented , med icated PO part ic ipants appear to  be impai red on 

tests of recogn it ion memory, but part ic ipants early in the cou rse of the d isease 

who have never received med icat ion appear to have normal recogn it ion .  it i s  

un l ikely that m ed icat ion alone can account  for the d ifference. Rather ,  i t seems 

that n ondopam inergic CNS abnorm al it ies under l ie both the recogn it ion memory 

deficit and m otor d isab i l ity not a l leviated by levodopa therapy. Such a v iew is  

cons istent with the f ind ing that recogn it ion def ic its are greater in P O  pat ients with 
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more severe motor d isabi l ity. F inal ly, PO is a comp lex d isease and the consensus 

of op in ion suggests that memory distu rbances may be the result of degenerat ion 

in m u lt ip le system s  (Brown & Marsden , 1 990; Hamm ond-Tooke & Pol lock, 1 992) .  

Conclusion 

The power analysis revealed that, in  general ,  stud ies of memory deficits in  P O  (as 

in many other research areas) have not had suffic ient stat i stical power to detect 

. smal l-to-med i um  ESs.  Yet there is no dou bt ,  for both pract ical and theoretical 

reasons, that it i s  important to demonst rate the presence of these smal le r  ESs .  

The least controversial way of  i ncreas ing power is  to use larger part ic i pant 

numbers, but for smal l  ESs, very large (and often unatta inable) numbers are 

requ i red. A very acceptable a lternative is to pool the results of several sma l l  

stud ies in  a meta-analys is .  Th is  was done in the present study and the data 

provide compel l i ng  evidence that, as m ight be expected, demented PO  

part ic ipants suffer from a large recogn it ion memory deficit re lat ive to  cont ro ls .  

Nondemented Parkinson ians have a m uch smal ler  deficit wh i le de novas appear 

to have normal recogn it ion memory. There is now a need for researchers to 

consider the mechanisms responsible for both impa i red recal l  and impai red 

recogn it ion memory in PD .  

l t  seems un l i kely (and perhaps even undes i rable) that most ind iv idual  studies wi l l  

ever be able to ach ieve satisfactory stat ist ical power levels for analys ing smal l- to 

med ium-s ized effects. Without adequate power, stat ist ical s ign if icance tests can 

not be correct ly i n terpreted.  Moreover, p roblems i nherent in stat ist ical s ign if icance 

testing l im it its usefu lness (Schm idt, 1 996) .  Thus ,  with respect to interpret ing the 

resu lts of ind ividua l  studies, point est imates of ES  and thei r assoc iated 

confidence intervals provide a good alternative. With respect to interpret ing the 

resu lts of m u l t ip le studies, meta-analyses wi l l  be requ i red to help researchers 

reach general conc lus ions .  These meta-ana lyses can only be as good as the data 

they are based on ,  most of wh ich is obta ined from ind iv idual research papers. 
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Therefore, researchers (and journa l  ed itors) m ust ensu re that pub l ished resu lts 

contain s uff ic ient informat ion to a l low them to be inc luded in  m eta-analyt ic 

reviews. 

F ina l ly, the i n it ia l  l iterature review (chapter 1 )  h igh l ighted a number  of factors that 

m ay be associated with recogn it ion memory funct ion ing in P O  (task d iff icu lty, 

gender ,  age at onset, d isease stage, and depress ion ) .  Wh i le  the resu lts of the 

m eta-analys is ind icate that d isease stage may be important, the other factors 

cou ld n ot be exam ined due to a lack of pr imary research .  The review also 

h igh l ighted the concept of prospective m emory and the fact that it has not been 

stud ied i n  P O  part ic ipants. To d i rectly address these issues, a study was 

conducted with nondemented PO part ic ipants . A recogn it ion memory task was 

specifical ly designed to look at task d iff icu lty, and two tasks were used to exam ine 

prospect ive m emory. The resu lts were ana lysed in terms of gender, d isease 

stage, age at onset, and depress ion .  



CHAPTER 3 

R ECOGNITI O N ,  R ECAL L, AN D 

P R OS P ECTI V E  M E M O RY DEFI CITS 

Introduction 

Previous research suggests an association between task demands and memory 

impai rment in  PO,  such that more d ifficu lt tasks produce greater deficits (e . g . ,  

Appol lon io et a l . ,  1 994; Weingartner et a l . ,  1 984) . Research has also 

demonstrated that PO part ic ipants have greater defic its on recal l  tasks relative to 

recogn it ion memory tasks (e.g . ,  Breen, 1 993) . In fact, the predominant op in ion is 

that recognit ion is re lat ively normal in  people with PO (e.g . ,  B rown & Marsden ,  

1 990) . The apparent d issociation between free reca l l  and recogn it ion memory has 

been exp la ined i n  terms of task demands, reca l l  be ing the more demand i ng (e . g . ,  

Knight et a l . ,  1 988; Taylor et a l . ,  1 988) . I n  addit ion ,  the dissociation has been 

used as evidence that the deficit l ies with ret rieval strateg ies rather than encod ing 

(e. g . ,  Beatty, 1 992; Mahur in  et  a l . ,  1 993) . However,  procedu ra l  d ifferences 

between recal l  and recogn it ion tasks have made it hard to d i rect ly compare data 

from each task. To avoid th is problem, a task cou ld  be des igned with more than 

one level of difficu lty. I n  th is way, the effect of task demands cou ld be stud ied 

without the type of task confound ing the resu lts . To date, no study has done th is 

us ing PO part ic ipants . 

Furthermore, although males and females genera l l y  d iffer in memory performance 

(Kramer et al . ,  1 988) , few studies have expl ic i t ly examined whether gender 

moderates memory dysfunction i n  PD. I n  addit ion , cogn it ive deficits may vary as a 

funct ion of PD-related factors such as age at symptom onset, d isease stage, and 

77 



78 Chapter 3 Recogn it ion ,  Recal l ,  and Prospective Memory Deficits 

depression (Beatty, 1 992 ; Levin et a l . ,  1 992a; Starkstein  et a l . ,  1 989) . However, 

l itt le  is  known about how these factors affect recogn it ion memory or interact with 

task diff icu lty. 

Prospect ive memory is memory for act ivit ies to be performed in the futu re 

( Einste in  & McDan ie l ,  1 990) . l t  appears that no research to date has exam ined 

whether people with PO have poor prospective m emory, despite the prevalence in 

everyday l ife of act iv it ies that requ i re th i s  type of memory. 

G iven that our  knowledge about severa l important aspects of memory funct ion ing 

in  PO is l im ited , or  based on i nd i rect evidence, a major goal of the present study 

was to exam ine these issues d i rect ly. To look at the effect of task d ifficu lty, a task 

was specifical ly designed with two levels of d ifficu lty: hard and easy. The task 

used a 2AFC recogn it ion m emory parad igm with nonverbal st im u l i  (drawings of 

abstract objects) . Recogn it ion was also assessed with a verbal (common words) 

analogue of the nonverbal task, with the except ion that there was no man ipu lat ion 

of task diff icu lty. Prospective memory was measu red with two d ifferent event­

based tasks: one involving a question and the other invo lv ing an object. The data 

were analysed separately for the men and for the women . 

There are very few long i tud ina l  studies i n  the PO l iterat u re (e .g . , P icc ir i l l i ,  

D'Aiessandro ,  F ina l i ,  & Picc i n i n ,  1 994) ; thus ,  l it t le is known about the rate at 

wh ich memory decl ines .  I n  the present study, an assessm ent of short-term dec l ine 

was made by test ing each part ic ipant on two occasions, at  least s ix months apart. 

The second test ing session also serves as a conceptual repl icat ion (Hunter & 

Schm idt, 1 990) , and therefore , cons istency of ESs across the two sessions wi l l  

p rovide support for t he  existence of any effect. A second (but equal ly important) 

aim of the present study was to exam ine memory as a funct ion of d isease stage, 

depress ion ,  and age at symptom onset. To do th is ,  the ent i re PO sample was 

d iv ided into subgroups based on these variables and separate analyses were 

conducted for each subgroup .  
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Method 

Th is  sect ion contains th ree main subsect ions. A materials and p rocedu res 

subsect ion is g iven f i rst to provide the reader with the rationale and procedu re for 

us ing each task. The stat ist ica l analyses subsect ion contains a rat iona le for the 

stat ist ical m ethods, as wel l  as specif ic i nformat ion about each m ain analys i s .  

F ina l ly ,  t he  part icipants subsect ion p rovides a deta i led account o f  the 

demog raph ic and neu ropsycholog ical characterist ics of the sample ,  analysed as a 

funct ion of gender. 

Materials and Procedures 

Most of the tasks were computer-adm in istered. Computerised test ing p rovides 

cons istency and un iform ity of st imu l us  p resentation ,  and autom ates scor ing wh ich 

reduces the effects of experimental b ias (Youngjoh n ,  Larrabee, & C rook, 1 992) .  A 

com puter m ay also alter the dynam ics of the test ing situation i n  a way that 

provides a nonthreaten ing chal lenge to t he ind iv idua l ,  thereby encou rag ing 

part ic ipat ion (Baker, Letz, & F id ler ,  1 985) .  Fu rthermore, pi lot work for the present 

study showed that, wh i le  many of the elder ly part ic ipants were unfam i l ia r  with 

com puters , they were genera l ly interested and enth usiastic about tak ing part in 

the study. The recogn it ion memory tasks were specif ica l ly des igned for com puter 

use. A N E C  Versa 2000 Laptop com puter was used in conjunction with the 

enhanced Exper imental Run Time System (ERTSVI PL) software (vers ion 3. 1 1 ;  

Ber inger ,  1 995) to control stim u l us p resentat ion ,  visua l  feedback, and the 

exper imental cont ingencies. The ERTSV I PL software uses a VESA-based 

I ntel l igent P re load techn ique for d isp laying 256-co lou r g raph ics on SVGA cards. 

Stimu l i  were p resented in yel low on a blue background ,  using a N EC Versa 

2000C act ive-matr ix 24 cm co lour  screen cont ro l led by a SVGA graph ics card . 

The E RTSV I PL software operates with m i l l isecond accu racy to control response 

reg istrat ion and event t im ing .  Part ic ipants' responses were registered using two 
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meta l l i c  keys measuring 40 mm x 70 m m ,  mounted 80 m m  apart in the center of a 

response console measu ring 300 m m  x 264 m m .  An external keyboard was 

connected to the laptop computer for use by the experimenter. 

Othe r  tasks (e.g. , the SFT) were adapted for computer-adm in istrat ion , but were 

st i l l  scored manua l ly. The tasks were categorised into th ree g roups: (a) 

neuro log ical assessment tasks, (b) neu ropsycholog ical tasks, and (c) 

exper imental tasks. The rat ionale for inc l us ion of the tasks, val id ity informat ion ,  

and the ·  p rocedu res used to  adm in ister the tasks are presented in the fo l lowing 

sect ions .  B ut f i rst, the general procedu re is described. 

General Procedure 

The assessment procedu res were conducted i n  each part ic ipant's own home.  I n  

m ost cases t he  equ ipment was set up on a d inn ing-room tab le  and t he  posit ion ing 

of the equ ipment was adjusted to s u it the part ic ipant . General ly, the computer 

screen was centered 0.5 m away at eye- level when the part ic ipant was seated . 

The adm in i strat ion of tasks was arranged so as to m in im ise fat igue and to avo id 

i nterference from tasks of s im i lar  nature .  Each testing sess ion was begun by 

asking part ici pants to read both an information sheet (see Appendix E) and a br ief 

overv iew of the tasks (see Append ix F) . The information sheet gave a com p lete 

and accu rate descript ion of the goals, p rocedu res, risks and benefits associated 

with the study. All p rocedu res were approved by the Massey Un iversity Human 

Eth ics Comm ittee, the Manawatu-Whanganu i  Eth ics Comm ittee, the Hawkes Bay 

Eth ics Comm ittee, and the Wel l i ngton Eth ics Com m ittee. Al l part ic ipants were 

asked to comp lete a general consent form (see Appendix G) and i nformed of the i r  

r ight to withdraw from the study at any t ime.  I n  add ition , the PO  part icipants were 

asked to com plete a video consent form (see Appendix H ) .  
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Each part ic ipant was then taken through a series of automated tasks using both 

standardised verbal instruct ions and inst ructions presented on the com puter 

screen .  Practice t rials were g iven where necessary to al low part ic ipants to 

become fam i l ia r  with the test procedures . I f  a part ic ipant requ i red clarif icat ion of 

the task i nst ruct ions ,  or appeared in it ia l ly to m isunderstand them, standard ised 

verbal prompts were provided . Part ic ipants completed each task (used to assess 

a specif ic funct ion ) in the order shown in Table 4. Note that for a l l  part icipants the 

order of tasks was the same. The measu re of cogn it ive status (dement ia) was on ly 

used at the end of Time 2. 

The interval between T ime 1 and Time 2 was approximately six months. More 

specifical ly, the m ale PO g roup had a mean intersession interval of 1 88 .92 days 

( SO = 7 .70) and th is was very sim i lar  to that of the male HC group (M = 1 88.52,  

SO = 9. 1 3) ,  F < 1 .  The female PO group's i nterval (M = 1 89 .63, SO = 6 .03) was 

Table 4 Order of Experimental Tasks and Associated Functions 

Task 

Prospective Memory Question Task 

V isual Analogue Scale - Begin 

Structured I nterview 

Modified Activit ies of Dai ly Living Scale 

Video Assessment 

Prospective Memory Object Task 

Verbal Recognition Memory Task 

Supermarket Fluency Test 

Nonverbal Recognition Memory Task 

FAS Fluency Test 

Kendrick Object Learning Task 

National Adult R eading Test 

Geriatric Depression Scale 

Mackworth C lock Test 

Visual Analogue Scale - End 

Short Orientation-Memory­

Concentration Test 

Function 

Event-based prospective memory 

Anxiety at the beginning of the session 

Demographic and d isease data 

Funct ional disab i l ity 

Hoehn and Yahr disease stage 

Event-based prospective memory 

Verbal recognition memory 

Semantic verbal fluency 

Nonverbal recognition memory 

Letter fluency 

Picture recall 

Premorbid IQ (WAIS-R) ;  Premorbid letter fluency 

Affective status 

Vig ilance 

Anxiety at the end of the session 

Cognitive status 
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also s im i lar to that of the female HC group (M = 1 92 .72,  SO = 1 2 .4 1  ) ,  F < 1 .  

Every effort was made to keep the t ime of day constant between Time 1 and T ime 

2 for each part ic ipant .  Pract ical  constraints meant that th is  was not always 

possib le .  I n  the group of m ale PO part ic i pants , 92% were seen at the same t ime of 

the day compared to 83% of the male H C  part ic ipants, l ( 1 , N = 48) = . 97, p = 

. 33 ,  d = .29 ( - .29- .87) . For the female part icipants, 69% of the PO partic ipants in 

comparison to 6 1 % of the H C  part icipants were seen at the same time of the day, 

x2 ( 1 , N = 34) = . 22 ,  p = . 64 ,  d = . 1 6  ( - .53- .86) . 

Neurological Assessment 

Structured I nterview 

Rationale. The structu red interview was used to record the fo l lowing data from al l  

part ic ipants: date of b i rth ,  gender, marital status ,  years of education , handedness, 

prob lems with colou r  vision and eye-sight ,  occupat ion, health ,  and med icat ion .  In 

addi t ion ,  the fol lowing data were col lected from the PO part ic ipants : year of 

d iagnosis ,  person who made d iagnosis, cause, fi rst symptom,  date of fi rst 

symptom , lateral ity at onset , lateral ity of cu rrent symptoms,  antipark inson ian 

m ed ication ,  med icat ion effectiveness, and state of balance. 

Procedure. Each part ic ipant was lead th rough the quest ions and thei r  responses 

were entered d i rectly into the com puter. 

Categories of Diagn osis 

Rationale. Calne et a l . 's ( 1 992) categories of d iagnosis were used to support the 

d iagnos is of id iopath ic PD .  Calne et al. proposed th ree categories for id iopath ic 

park inson ism ( I  P) : 
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1 .  C l i n ical ly possible l P . The presence of any one of the sal ient featu res: 

tremor, r ig id ity, or  bradyk ines ia .  I m pa i rm ent of postu ral reflexes is  not 

inc luded because it is too nonspec if ic. The t remor m ust be of recent onset ,  

but may be postural  or rest ing .  

2 .  C l i n ical ly probable I P .  A combinat ion of any two of the card inal featu res: 

rest ing tremor ,  r ig id ity, b radykines ia ,  o r  impa i red postu ral  reflexes.  

Alternatively, asym metrical rest ing tremor, asymmetrical r ig id ity, o r  

asymmetrical bradyphren ia are suffic ient .  

3. Cl in ica l ly  defin ite l P .  Any comb inat ion of th ree of the features: rest ing 

tremor, r ig i d ity, bradykinesia,  or  impa i rm ent of  postu ral reflexes. 

Alternatively suffic ient are two of these featu res, with one of the fi rst th ree 

d isp laying asymmetry. (p. 1 26) 

Calne  et a l .  ( 1 992) d id  not include pharmacolog ical cr iter ia in their categories of 

d iagnosis because dopam inerg ic  therapy can produce a posit ive response i n  the 

park inson ism p lus  syndromes.  However, they d id suggest that fa i l u re to respond 

to levodopa may be grounds for excl us ion .  

Procedure. Each participant was categorised accord ing to Calne et a l . 's ( 1 992) 

criter ia ,  based on observat ions made du ring the experimental sess ion .  

Hoehn and Yah r  Disabil ity Rat ing Scale 

Rationale. The Hoehn and Yah r D isabi l i ty Rat ing Scale (H& Y;  Hoehn & Yah r, 

1 967) was used to rate the d isease stage of each part ic ipant (see Appendix I fo r a 

copy of the sca le) . The H& Y was des igned as a method to del ineate d isease 

severity in pat ients with PO, not as a l i near  descript i on of prog ression (Hoehn ,  

1 998) . Although t he  H& Y provides a rather coarse assessment of d isease stage, it 

has the advantage of being relatively easy to emp loy, and is widely ut i l ised in the 
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PD research l iteratu re. The H& Y was deve loped before the s ide-effects of long­

term drug therapy were known , and provides no assessment of  motor f luctuat ions  

o r  adverse react ions to  therapy. However, i t  i s  re lat ively insensit ive to  these 

f luctuat ions (D iamond & Markham , 1 983). Nevertheless, in the present study an 

attempt was made to avoid problems caused by drug- induced s ide-effects by 

test ing part ic ipants at the i r  t ime of opt imal  therapeut ic response. The H& Y has 

been shown to have "substant ial" i nterobserver rel iabi l ity (Gem i n ian i  et  a l . , 1 99 1  ) . 

Procedure. Each part icipant was asked two quest ions about the i r  d isease 

symptoms and then asked to perform th ree motor tasks that were recorded by 

video camera (see Appendix J ) .  At a later date, the data from the quest ions and 

the v ideo assessment were used to rate each part icipant accord ing to  H& Y.  Th is 

was done both at T ime 1 and at T ime 2 .  

Activities of Dai l y  Livi n g  Scale 

Rationale. The m od ified Act ivit ies of Da i ly Living (mADL) sca le (van H i lten et a l . ,  

1 994) was used to  provide a self- report measu re of funct ional  d isabi l ity. The 

mADL i s  a 8- item vers ion of the Activit ies of Dai ly L iv ing sect ion from the Un if ied 

Parkinson 's  D isease Rat ing Scale. Construction of the short vers ion was made 

us ing a sam ple of 1 1 1  PD participants. Principal com ponents analysis was used 

to extract 8 items (from the or ig inal  1 3  items) that more accu rately target disab i l ity 

rathe r  than the presence and severity of physical sym ptoms.  The items are scored 

from 0 to 4 on a L ikert-type scale. A score of 0 represents norma l  funct ion ing and 

a sco re of 4 represents severe disab i l ity (see Append ix K ) .  The mADL was found  

to  have good internal consistency (Cronbach's a lpha = .85) and  concu rrent 

va l id ity (corre lat ion of .66 with the H&Y stages) (van H i lten et a l . ,  1 994) . 

Procedure. Part ic ipants were asked to rate themselves on each i tem of the mADL.  

Rat ings were then entered d i rectly into the computer. The total score was used to 

p rovide a g lobal  d isab i l ity rat ing .  
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Neuropsychological Tasks 

Geriatri c Depression Scale 

Rationale. A computerised version of the Geriatr ic Depression Scale (G DS) was 

used to screen for depression . The G DS was specifical ly des igned for rat ing 

depress ion  in  the aged (Yesavage et  a l . , 1 983) .  l t  is  particu lar ly wel l  su ited for use 

with Park i nson ians because it contai ns  on ly one somatic i tem that m ay relate 

direct ly to the pat ient 's phys ical d isab i l ity, focus ing instead on psycho logical 

aspects of depression . Moreover, i n  a sample of PO part ic ipants, the G D S  was 

found to be a more sensit ive measu re of depress ion than the Beck Depression 

Inventory (Youngjohn ,  Beck, Jogerst, & Caine, 1 992) .  The GOS has a reported 

Cronbach's alpha of . 94 and a test- retest re l iab i l ity of .85 (over one week) , and is  

h igh ly associated wi th conceptual ly related scales (Yesavage et a l . ,  1 983) .  

Yesavage et a l .  ( 1 983) also reported a sensit ivity rate of 0 .84 and a specif ic ity of 

0.95. Fu rtherm ore, us ing either cu rrent Research D iagnost ic C riteria or the then 

cu rrent D S M- 1 1 1  d iagnosis as the cr iter ion , the GDS (with a cut-off score of 1 0) 

accu rate ly ident ified 77% of a ger iatr ic med ical outpatient sample (Norr is ,  

Gal lagher, Wi lson , & Winograd, 1 987) . Sens i t ivity was 0.89 and specif icity was 

0.73. The G D S  uses a self-report, yes-no format and conta ins 30 items .  A th i rd of 

the items ind icate depression when answered negatively whereas the rema in ing 

items ind icate depression when answered pos it ively. Appendix L conta ins a copy 

of the GDS ,  i nc lud ing the scoring i nformat ion .  

Procedure. I n  t he  present study, each item was presented one  a t  a t ime  in  the 

center of the computer screen.  Part ic i pants ind icated thei r answer to each 

quest ion by pressing the left response key for "yes" and the right response key for 

"no." A cut-off score of 1 0  was used to detect those partic ipants possib ly suffering 

from depress ion .  
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National  Adult Reading Test - P remorbi d IQ 

Rationale. The Nat ional Adu lt Reading  Test (NART) was used to assess 

premorb id IQ .  lt was used primar i ly to check that the PO and HC groups d id not 

d iffer  in  terms of premorbid IQ .  The NART is a m easure of a person 's abi l i ty to 

pronounce 50 " i rregu lar" words (see Append ix M ) .  Each " i rregu lar" word can only 

be read correctly if the part ic ipant knows of the word and recogn ises i ts wr itten 

form (Ne lson & O'Connel l ,  1 978) . Considerable evidence suggests that word­

read ing ab i l ity is preserved in people with m i ld cogn it ive impairment and that it 

serves as a usefu l  p red ictor of premorb id  inte l l igence (Ch ristensen , Hadzi­

Pavlovic, & Jacomb, 1 99 1 ; Nelson & O 'Conne l l ,  1 978; Ryan & Paolo, 1 992) . 

Nelson and O'Conne l l  standardised the NART on 1 20 part ic ipants aged 20-70 

years . Data from this sample were used to form regression equat ions that can be 

used to pred ict WAIS Verbal ,  Performance, and Fu l l-scale I Q  from NART errors. 

Subsequent ly, Ryan & Paolo bu i lt new regression equations for the predict ion of 

WAI S- R  IQ .  The new equat ions and thei r SEMs a re presented below: 

Est imated V IQ  = 1 32 .3893 + (NART erro rs) ( - 1 . 1 64) 

Est imated P IQ  = 1 23 .0684 + (NART errors) (-0 . 823) 

Est imated FS IQ = 1 31 . 3845 + (NART errors) (- 1 . 1 24) 

SE = 7 .70 

SE = 1 2 . 08 

SE = 8 .83 .  

Procedure. Each partic ipant was presented with each word one at  a t ime on the 

com puter screen and asked to say each one a loud w ithout t ime constra int .  A l l  

responses were recorded onto aud io  tape. Later, the audio tapes were rev iewed 

and the n u m ber  of pronunc iat ion errors were recorded for each part ic ipant. 

Correct pronunc iat ions were based on the Heinemann New Zealand D ict ionary 

(Orsman , 1 989) and The New Zealand Contemporary Dict ionary (Foreman,  

1 972) .  
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N ati onal Adult  Reading Test - Premorbid Verbal Fl uen cy 

Ra tionale. Premorbid verbal f luency (an estimate of FAS fluency) was calcu lated 

from a NART-based equation (Crawford, Moore, & Cameron,  1 992) .  The 

reg ress ion equat ion and i ts SE are: 

Premorbid FAS = 57.5 - (0 .76 x NART errors) SE = 9 .09 .  
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Crawford et a l .  bu i lt the regression equat ion us ing data from a hea lthy sam p le of 

1 42 part ic ipants aged 1 6-88 years . The equat ion was val idated us ing a sample of 

38 neuro log ica l ly impai red part ic ipants. 

O rientation-Memory-Concentration Test 

Rationale. The Orientat ion-Memory-Concentration Test (OMCT; Katzman et a l . , 

1 983) was used to provide a dementia rat ing .  The O MCT is  a 6- item version of 

the Informat ion-Memory-Concentrat ion ( I MC) test created by Blessed, Tom l inson ,  

& Roth ( 1 968) . Katzman et  a l .  constructed the short vers ion us ing a sample of  322 

participants and then val idated it us ing th ree addit ional  sam ples. The OMCT was 

fou nd to have good test- retest re l iab i l ity (over th ree weeks) and be h igh ly 

pred ict ive of  scores on the I MC8. Fu rthermore, scores on the short vers ion were 

shown to correlate with p laque counts in  the tem poral ,  parieta l ,  and frontal cortex 

of 38 autopsied part ic ipants ( r  = .54) (Katzman et a l . ,  1 983) . 

The OMCT inc ludes th ree orientat ion quest ions (year, month , and t ime) , a name 

and address memory ph rase, count ing from 20 to 1 ,  and saying the m onths 

backwards (see Appendix N). The OMCT is part icu lar ly good for use i n  people 

with PO as there is no copying task that may be affected by the physical 

symptoms of PO independent ly of dementia. 

8 The IMC has excellent test-retest reliabi l ity and is highly correlated with the M in i -Mental State 
Examination and Dementia Rating Scale (Salmon,  Thai, Butters, & Heindel ,  1 990) .  
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Procedure. Each part ic ipant's scores were entered d i rect ly into the computer; one 

po int for each incorrect response. The computer was programmed to produce a 

total we ighted error score by m u lt ip ly ing each item by a weight ing factor (Katzman  

et a l . , 1 983) . As suggested by  Katzman et a l . ,  the data f rom th ree part icipants 

were excl uded from the stat ist ical analyses because the i r  total weighted error 

score was greater than 1 0. 

Verbal Fluency Tasks 

Rationale. Past research studying the effects of PO on verbal f l uency has 

ind icated that letter (phonem ic) and semant ic (category) f luency may be 

d ifferent ia l ly effected in  PO (Azuma et a l . ,  1 997) . Furthermore, f l uency has been 

described as a m u lt ifactor ial task in which the number of correct words , 

perseverat ions ,  and intrus ions may each captu re d ifferent aspects of performance 

defic its (Troyer, Moscovitch ,  & Winocur, 1 997) . Add it iona l ly ,  m u lt ip le bra in reg ions 

appear to be involved in  the performance of f luency tasks . Evidence s uggests that 

letter  f luency is associated with frontal lobe impai rment whereas semant ic fl uency 

is related to temporal deficits (Troyer et a l . , 1 997) . Therefore, both letter and 

semant ic f l uency were assessed i n  the present study. 

Procedure. Letter f luency was examined with the Contro l led O ra l  Word 

Associat ion Test, common ly cal led FAS (Lezak,  1 995) .  Part ic ipants were asked to 

generate as many words as poss ib le beg inn ing  with the letters F, A, and S. The 

du ration of each letter tria l  was 60 s. Part ic ipants were asked not to use proper 

nam es, or  the same word with d ifferent suff ixes. Semant ic fl uency was assessed 

with the Supermarket Fl uency Test (SFT) . Part ic ipants were req u i red to name as 

many  exam ples of supermarket items as they cou ld in 60 s .  A l l  part ic ipant 

responses were aud iotaped and later transcribed for scor ing pu rposes. 

The data were scored by assign ing one point for each correct exem plar .  In 

add it ion , perseverat ions (the n u m ber of t imes a word was repeated) and intrus ion 
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errors (addit ion of items not related to category) were recorded. I n  the FAS , 

proper names and words with the same s uffix were not counted, nor  were words 

that began with the  same phonetic sound but not the same letter (e .g . , photo for 

words beginn i ng  with F) . I n  the S FT, words that were not cons idered superm arket 

items were not counted . 

Visual Anal ogue S cale 

Rationale. A computerised, self-report vers ion of the Visual Analogue Scale (VAS) 

was used to measu re anxiety both at the beg inn ing  and at the end of each test ing 

sess ion (see Append ix 0) .  The VAS has been shown to corre late we l l  w ith  

questionna i re m easu rement of  anxiety (Henderson,  1 988, cited in Cockbu rn & 

Sm ith, 1 994) . McCormack, Horne ,  and Sheather ( 1 988) reviewed val idat ion 

stud ies of the VAS as a measure of anxiety. The i r  review ind icated reasonable 

convergent val i d ity with the STAI-State Anxiety Scale in  a sample of med ical 

students and in a sam ple of psych iatric pat ients .  Furthermore ,  the VAS has 

several advantages (e .g . ,  it can be adm in istered repeatedly and it is easy to 

adm in ister and score) . However, McCormack et al .  ( 1 988) raised concerns over 

the choice of scor ing i nterval and whether scores can be treated as interval data. 

In the present study  these concerns were a l leviated by conducting both 

parametric and nonparametr ic analyses. 

Procedure. Fol lowing  the recommendat ions of McCormack et al. ( 1 988 ) ,  the VAS 

was presented in a horizontal format with no defin ing intermed iate po i nts . 

However, to faci l itate data col lect ion the VAS was presented on the computer 

screen.  Part ic ipants were inst ructed to move a smal l  vertical bar on a 1 0  cm 

horizontal l i ne to i nd icate how anxious they felt at that po int  in t ime .  The left-m ost 

end indicated "not at a l l  anxious,"  whereas the r ight-most end ind icated "very 

anxious . "  The pos it ion of the bar was adjusted by us ing the left and r ight arrow 

keys on the keyboard .  Part ic ipant responses were scored to the nearest 

m i l l imetre, produc ing  a 1 00-point scale. 
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Mackworth C l ock Test 

Rationale. A com puterised vers ion of the Mackworth C lock (MC) test was used to 

measu re vig i lance (susta ined attent ion) .  F i rst devised by Mackworth ( 1 948) ,  the 

or ig inal  test invo lved a clock-type device that had a large pointer that moved on i n  

steps i n  front o f  a wh ite su rface devoid o f  scale m arkings o r  reference points. The 

task i s  idea l ly su ited for use in the present study as it was designed to keep 

motor, memory, and problem-solving abi l it ies to a m in imum (Sheer & Sch rock ,  

1 986) . A def ic i t  in  v ig i lance shou ld be ref lected in a deficit i n  perceptua l  

sensit ivity, rather than a change i n  response cr iter ion (Sheer & Schrock, 1 986) .  

Procedure. The com puterised vers ion cons isted of a c i rc le of 60 points presented 

on a b lue background .  The po ints were dark yel low in colour ,  and the c i rcle they 

formed was 9 cm in d iameter. Du ring the task each point consecutively turned 

wh ite appearing to " l i ght up , "  moving i n  a counter-clockwise d i rect ion . Each point 

tu rned wh ite for 300 ms with an i nterst im u lus  interva l of 2200 ms. Du ring the 6 .5  

m in test per iod, at i rregu lar interva ls ,  a s ing le  point wou ld  not  tu rn wh ite. I nstead , 

the point fo l l owing it wou ld t u rn wh ite creat ing the appearance of a "double j ump. "  

These doub le j umps ,  1 5  i n  number, were the targets. The screen was pos it ioned 

approxim ately 0 .5  m in front of the part ic ipant ,  but th is d istance was reduced for 

those exper iencing d iff icu lty focusing on the poin ts . 

At the beginn i ng of the inst ruct ion period,  part ic ipants were told that they wou ld 

be working on a "watch-keeping" task that was demanding and wou ld requ i re the i r  

fu l l  attent ion . On-screen i nstruct ions then informed part ic ipants o f  what they were 

about to see and how to respond. Responses were made by press ing  the left 

response key with the preferred hand.  Part ic i pants were then g iven a pract ice 

period with 3 to 4 double j umps. Du ring the pract ice period, part ic i pants were 

prompted, whenever necessary, to make su re that they understood the task. 

Fol lowing practice, part ic ipants were told that the actual  task wou ld take 6.5 m in .  

They were then rem inded that the task was demand ing and would requ i re the i r  fu l l  
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attent ion . They were a lso asked to "respond as fast as possib le ,  but even if late or 

i f  they have any doubt ,  they shou ld st i l l  respond . "  l t  was po inted out that fa lse 

presses wou ld not affect the i r  score. Part ic ipants were then g iven an opport un ity 

to ask questions before being left to complete the task without interrupt ion .  

The posit ion of the 15  double j umps was determ i ned randomly, with the const ra int 

that one double j ump occu rred with in every set of 1 0  single j umps .  I m m ed iately 

fo l lowing the test, part ic i pants were asked several questions concern i ng  the 

strategy they had used to perform the task. The q uest ions (based on the 

categor ies used by G iambra, Qu i lter, Ph i l l ips ,  & H iscock, 1 988) were as fo l lows:  

(a)  "D id you count the s ing le j umps and t ry and work out a pattern to he lp  you 

detect the double j umps?", (b) "D id you count the s ingle jumps without tryi ng  to 

work out a pattern?", (c) "Did you watch the c lock and move you r  eyes ahead to 

the next point after each s ingle j ump?" The part ic ipants' answers were used to 

rate the i r  strategy as being based on e ither internal or  external resou rces.  

Performance on the MC was assessed with the nonparametric measu res of 

sens it ivity, A ', and response bias, B" (MacM i l lan & Creelman, 1 99 1  ) .  These 

measu res are su itable  in situations where i t  is  im poss ib le to conduct the large 

number  of s ignal and noise tr ials necessary to compute SOT stat ist ics (McN ico l ,  

1 972) .  The measu re, A ', is  an est imate of the proport ion of the total area wh ich 

l ies beneath the Receiver-operat ing Character ist ic ,  o r  ROC,  cu rve (McN ico l ,  

1 972) .  The a rea under  the ROC cu rve can be est imated with on ly  a s ing le  pa i r  of 

h it (the cond it ional probab i l ity of responding yes to a target) and false alarm (the 

cond it iona l  p robabi l ity of respond ing yes to a nontarget) rates , calcu lated by: 

A ' =  .5 + (H - F)( 1  + H - F) I [4H( 1  - F) ]  i f  H > F, and 

A ' = .5 + ( F - H)( 1  + F - H) I [4F( 1  - H) ]  i f  H < F, 

where H = h it rate and F = false a larm rate (MacM i l lan & Cree lman ,  1 99 1  ) . 

S im i la rly, response bias was ca lcu lated by: 
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8" = [H( 1 - H) - F( 1 - F)] I [H( 1 - H) +  F( 1 - F)] if H e.  F, and 

8" = [F( 1 - F) - H( 1 - H)] I [H( 1 - H) +  F( 1 - F)] i f  H < F. 

Experimental Tasks 

Verbal Recog n ition Memory Tas k  

Rationale. The Verbal Recognit ion Memo ry Task (VRMT) was created specif ica l ly 

for the present study and provides a m easure of verbal recogn it ion relatively f ree 

from response bias. A pool of 80 words was created for the V R MT from words 

gene rated by Lesch and Pol latsek ( 1 993) and Francis and Kucera ( 1 982 ) .  Half of 

the words served as targets in the memory test, and the rema in ing ha lf were used 

as d istracters . Al l stimu l i  were nouns of 3-6 letters (M = 4 .35 ,  SO = .74) which 

ranged in frequency from 1 t imes per m i l l ion words to 20 1 t imes per m i l l ion in 

Kucera and Francis' ( 1 982) word count ,  with a median frequency of 1 3 .5  t imes per 

m i l l i on .  Table P 1  (Appendix P)  conta ins a l ist of al l  words used in  the VRMT, 

incl ud ing  the frequency and length of each word . 

Procedure. The recogn it ion task cons isted of two phases: study and test . I n i t ia l ly, 

part ic ipants were shown a s ingle st udy l ist of 40 target words .  Each st imu l us was 

presented one at a t ime on a computer screen at a 3-s rate, and part icipants were 

requ i red to read each word s i lent ly. St im u l i  were typed us ing He lvet ica 60 pt . 

lower case letter ing.  Part ic ipants were g iven as m uch t ime as necessary to read 

standardised inst ruct ions displayed on the screen before beg inn i ng  the study 

phase. Part ic ipants were inst ru cted to press the space bar to beg in the study 

phase. 

The second (test) phase cons isted of a 2AFC recogn ition test . In th is phase, 

target words were paired with d istracters of equal word length . There was l i tt le 

d ifference in  word frequ ency between distracters (M = 35 .38, SO = 39.93) and 
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the i r  respect ive target words (M = 28.63, SO = 44.49) ,  t (38) = .7 1 . The order that 

the stim u l i  were presented in both the study phase and the test phase was 

random ised for each part ic ipant. 

Part icipants began the test phase by pressing the right response key. A tr ia l  

consisted of the fo l lowing  sequence. A clear screen was presented for 1 s, then 

two alternat ive answers appeared s ide by side in  the centre of  the screen. The 

st im u lus d isp lay remained on the screen for a maximum of 6 s ,  or  unt i l  a response 

was made. Part ic ipants were requ i red to press the left response key i f  they 

thought the word on the left was a target word , or  the right response key if they 

thought the word on the r ight was the target word . They were instructed to guess if 

neither word appeared fam i l iar or  if both appeared fam i l iar, with the proviso that 

they try not to favou r  one response key over the other. Inst ruct ions d isplayed on  

the screen emphasised accu racy over speed. The left-r ight locat ions of the 

targets were random ised with the restra int that 50% occu rred on each side. 

After a response was m ade,  the screen was cleared for 500 ms and then 

instruct ions on the screen asked the part icipant h ow confident they were that the i r  

response was correct. Fou r  levels of  confidence (very confident, confident, 

somewhat confident, or n ot at al l confident) were d isp layed on the screen,  and 

part ic ipants were instructed to say the i r  response a loud .  Rat ings were entered 

d i rectly into the computer via the keyboard . The confidence rat ing interval was a 

max imum of 6 s ,  or term inated by a response. Th is p rocedu re was repeated with 

all 40 target words with a 500-ms intert rial interva l .  The comp lete sequence of 

events is presented in F igu re 4, and the temporal sequence of events for one tr ia l  

( in  the test phase) is presented i n  F igure 5. 

Accuracy on the VRMT was expressed as the percentage correct (PC) .  In 

add it ion , the frequency of confidence rat ings was expressed as the p roport ion of 

the total tr ia ls. The recogn it ion task began with a p ractice study l i st, consist i ng  of 

fou r  target num bers fo l lowed by a recogn it ion test us ing the fou r  target numbers 

pai red with fou r  unre lated numbers (d istracters) . 
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6-s observation and decision interval 

6-s confi dence rati n g  interval 
1 -s intertr ial interval 

5 0 0  ms 

Mo re Practic e 
N 

5 0 0  ms 

lnsh�t lons 

500 ms 

' 
Study Phase (40 wo rds) 
3-s rate ; random o rder 

5 0 0  ms intertrial in terval 

500 ms 

500 ms 

+ 

y 

Test Phase ( 40 pairs of oo rds) 
6-s observation a n d  d ecision interval 

6-s confi d ence rati n g  inte rval 
1 - s inte rt ria l  interval 

Left-r ight locations randomised 
with the restraint  that 50% occ u r  on each side 

500 ms 

' 
Fin ish 

Figure 4. Flow chart of the Verbal Recogn it ion Memory Task 
(VRMT) procedu re .  
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Warn ing 
I nterval 

1 s 

Observation 
and Decision 

I nterval 
6 s  

l ntertrial I nterval 
0 .5 s 

Confidence 
Rating 

6 s  

Figure 5. Temporal sequence of events for one tr ia l  in the test phase 
of the Verbal Recogn it ion Memory Task. 

Nonverbal Recogn ition Memory Task 

Rationale. The Nonverbal Recogn it ion Memory Task (N RMT) was created 

specif ica l ly for the present investigat ion and provides a measu re of nonverbal 

recogn it ion memory re lat ively free from response bias. A pool of 80 abstract 

drawings was created for the task by the author and from the complex fig ures 
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used in the Embedded F igures Test9 (Witk in ,  O ltman,  Raskin ,  & Karp, 1 971  ) ;  ha lf 

of the d rawings served as targets in the N R MT,  and the remain ing half were used 

as d istractors. To create two levels of d ifficu lty with in the one task, half of the 

targets were paired with s im i lar d ist ractors whereas the other half were paired 

with l ess s im i lar ("d iss im i lar") d istractors (see Appendix Q for examples of targets 

and s im i l ar/d iss im i lar d istractors) . S im i larity was based on form and colour .  

Specif ical ly, d iss im i lar  d istractors d iffered in terms of structural  featu res and 

colour ,  whereas s im i lar d istractors d iffered only in  terms of form . Past research 

has demonstrated that recogn it ion memory is poorer for targets paired with 

struct u ra l ly s im i lar  d istractors than for targets paired with structu ra l ly d iss im i lar 

d ist ractors (Bower & G lass, 1 976; Wickelgren , 1 977) . Furthermore, Bower and 

G lass demonstrated that this same resu lt occurs both for perceptual and for 

verbal encoding of the st imu l us mater ia l .  Nevertheless, in the present study an 

effort was made to select stim u l i  that were diff icu lt to encode verbal ly. Although no 

attempt was m ade to expl ic it ly examine the modal ity of encoding, post-test 

feedback ind icated that most part ic ipants found  it d iff icu lt to assign verbal labels 

9 Modification and reproduction of stimu l i  was by special permission of the Publ isher, Consulting 
Psycholog ists Press, Palo Alto, CA 94303 from Embedded Figures Test by Herman A. Witkin .  
Copyright 1 971 by Consult ing Psycholog ists Press, I nc. Al l rights reserved. Further reproduction is 
prohibited without the Publ isher's written consent. 
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to the  st imu l i .  Therefore, it is  l i kely that they used perceptual encod ing .  St imu l us  

order was randomised for each part ic ipant i n  both phases of t he  task. 

A p i l ot study was conducted to check the procedu re and make sure that the two 

leve ls  of d i ff icu lty produced scores as predicted. Th ree people  with PO (two males 

and one female) and f ive normal  e lder ly (one male and fou r  fema les) part ic i pated 

after provid ing i nformed consent. Percentage of correct responses on the N R MT 

were computed for the s im i la r  target-d ist racter pai rs (hard leve l of d iff icu lty) and 

for d i ssim i lar  pai rs (easy leve l of  d ifficu lty) . As can be seen i n  Table 5 ,  mean PC 

was lower for the hard level of  d iff icu lty relative to  the easy level for both groups. 

The calcu lated ESs (d) can be described as moderate in  s ize for the PO group  

and  large for the HC group.  

Table 5 Means and SDs for Percentage Correct on the Nonverbal Recognition 
Memory Task for the Parkinson 's Disease (PO) and Healthy Control (HC) 
Participants who Participated in the Pilot Study 

Hard Easy 

M so Rang_e M so Rang_e cf 95% Clb 

PDC 55.00 1 5.00 40-70 63.33 1 0.41 55-75 .65 - 1 .47 -2.76 

H Cd 51 .00 1 1 .05 35-65 65.00 1 0. 00 55-75 1 . 33 - .22 -2 .88 

Note. Hard = hard level of d iff iculty; Easy = easy level of diff iculty. 
aCohen's ( 1 988) effect size statist ic ,  d. b95% confidence interval for d. c n = 3. d n = 5. 

Procedure. Admin ist rat ion of the N R MT fol l owed exact ly the same procedure as 

that described above for the VRMT. The on ly except ion was that no pract ice tr ia ls 

were given because the N RMT always fo l lowed the VRMT and p i lot work 

i nd icated that part ic ipants d id  not need to pract ice aga in .  I n  add it ion to PC, the 

frequency of confidence rat ings were computed for each level of d iff icu lty. 
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Kendrick Obj ect Learn i ng Task 

Rationale. The Kendr ick Object Learn ing  Task (KO L T) was or ig ina l ly des igned to 

be adm in i stered together with the Kendrick D ig it Copying Test (KDCT) to screen 

for dementia i n  the elderly (Kendr ick ,  1 985) . The KOL T is a test of reca l l  of 

everyday objects whereas the KDCT is  a test of speed performance. Kendr ick 

stated that to screen for dementia " i t  i s  essential that the two tests be used i n  

conjunct ion with each other and i f  possib le with a retesting s ix weeks later" ( p .  8 ) .  

An alternat ive form of  the KOL T is ava i lable for the  pu rpose of  retest i ng .  The two 

forms have been shown to corre late h igh ly (r = . 9 1  ) .  Both test- retest re l iab i l i ty 

(over 24 hou rs)  and internal cons istency were also shown to be h igh ( r's = . 92) . 

In the present study, the data from the KOL T were not used to screen for 

dementia, a l though or ig ina l ly inc luded for t h is pu rpose, because of the P O  

part ic ipants' l im itat ion i n  perform ing tests that conta in a motor component ( i . e . ,  the 

KDCT) . F u rthermore, it was not poss ib le to retest after six weeks. However, rather  

than d iscard the data from the KOL T ,  they were used as a m easure of  reca l l .  

Kendrick ( 1 985) suggested that i t  cou ld  be  used for th is pu rpose, and i t  seems 

part icu lar ly su itable in  the present study because i t  contains two equ ivalent forms 

and is re lat ively easy and qu ick to adm in ister . Fu rthermore, raw scores cou ld  be 

converted to age-scaled quot ients, thus avo id ing the potent ia l  confound ing effect 

of age (Kendrick, 1 985) .  

Procedure. Adm in istrat ion and scor ing of the KOL T was conducted i n  the manner  

out l ined by Kendr ick ( 1 985) .  Briefly, fou r  large cards with p ictu res of  common 

objects were shown to  part ic ipants. Each card has 1 0 ,  1 5 , 20,  o r  25 objects and 

the t ime al lowed for i nspection of  each card is based upon a 3-s  v iewing t ime per 

object . After viewing each card, part ic ipants were asked to reca l l  as many objects 

as possib le ,  i n  any order. Scoring was done by g iv ing one point for each correct 

response or acceptable alternat ive .  Th is raw score was then converted to an age­

scaled quot ient us ing tables provided by Kendr ick .  
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Prospe ctive Memory Tasks 

Rationale. Prospective memory tasks requ i re the part icipant to execute a p lanned 

action at some point  i n  the future and can be event-based or t ime-based ( E instein 

& McDan ie l ,  1 990) . Despite the pervas iveness of th is type of memory in  dai ly 

activit ies ,  no  studies have exam ined it fo r defic its in  PO sufferers . Therefore, two 

prospect ive memory tasks were used in the present study. The tasks were 

adapted from H uppert and Beardsa l l  ( 1 993) who demonst rated that these tasks 

are sens itive to the m i ldest form of cogn it ive i m pa i rment in  dementia. 

Procedure. The measu res of prospective memory were: Prospective Memo ry for a 

Question (PMQT), and Prospect ive Memory for an Object (PMOT) . Both tasks 

were event-based; the fi rst involved a short t ime period, whereas the second 

involved a longer t ime period. 

The PMQT involved remembering to ask two q uestions when an alarm sounded. 

I n struct ions were presented on the computer screen and part ic ipants were g iven 

as m uch t ime as they needed to read them . At T ime 1 ,  part ic ipants were to ld that 

an alarm wou ld sound i n  5 m in ,  at wh ich point they should stop what they are 

doing and ask the exper imenter two quest ions concerning thei r  next test ing 

sess ion .  The two questions were, "When wi l l  the next session be?" and "What w i l l  

the procedure i nvo lve?" At T ime 2 the same procedure was used except the two 

questions were re lated to the resu lts of the research . That is ,  "When wi l l  a 

sum mary of the resu lts be sent to me?" and "What wi l l  the summary inc lude?" I f  

the part ic ipant fa i led to spontaneously ask either  q uestion with in  1 5  s ,  they were 

prompted with the quest ion ,  "What were you supposed to do when the a larm 

sounded?" Part ic ipants were scored one point for each question reca l led and 

addit ional points for  each response that was made without a prompt .  The 

maximum score was four .  

The PMOT invo lved remembering to ask for an object when the test ing session 

concl uded . At approx imately one-th i rd of the way th rough the test ing sess ion ,  

part ic ipants were asked for  a sma l l  personal be long i ng. i t  was exp lained that their 
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task was to remember  to ask for it back when the test ing session f in ished,  and to 

also remember where the object was put dur ing the sess ion .  D u ri ng  the rem ainder  

of  the session the object was stored in one of  the equ ipment boxes. Part ic ipants 

were reassu red that the i r  belong ing would be retu rned if they d id not remem ber to 

ask for it back. At the end of the test ing sess ion , it was made clear that the 

sess ion had f in ished and the equ ipment was packed away. If the part ic ipant d i d  

no t  ask for the i r  belong ing d u ring th is t ime, they were prompted with ,  "Was there 

something you were going to ask for now that we have fin ished?" Part ic ipants 

were scored one point for remembering to ask for the object, and another point if 

they recal led the locat ion of the h idden object. Add it ional  points were g iven for 

each response that was made without a prompt .  The maxim um score was 4 .  

Statistical Analyses Procedure 

The data were analysed us ing the Stat ist ical Package for the Socia l  Sciences 

(SPSS; SPSS I nc . ,  1 995) .  The main ana lyses were conducted us ing one-way 

analysis of var iance (ANOV A) with p lanned comparisons. The specif ic p lanned 

com parisons ,  or contrasts, used in the present study are out l ined be low. However, 

it shou ld be noted that although the SPSS procedu re produces an omn ibus F test, 

on ly the resu lts of the contrasts were interpreted . Both the omn ibus F test and the 

contrasts are based on the same stat ist ical theory, and there is no reason why the 

overal l  F test shou ld have pr ior ity (L indman ,  1 992) . I n  other analyses, d ifferences 

between data sets were eva l uated with m u lt ivariate ana lys is of var iance 

(MANOVA) , un ivariate m ixed ANOVA, repeated m easu res ANOVA, and/or t-tests 

for two independent samples (two-tai led, un less otherwise stated) .  

Although the data were analysed with tradit ional  tests of s ign ificance, the resu lts 

were interpreted by exam in ing point est imates of ES and the 95% confidence 

interval around these point est imates. Some researchers (e . g . ,  Carver ,  1 993; 

Schm idt, 1 996) have argued that we shou ld  abandon the stat ist ical s ign if icance 

test in favou r  of point est imates of ES when interp ret i ng  the data in  i nd iv idual  

stud ies (see chapter 2) .  Tests of sign ificance provide no  ind icat ion of the 
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importance of an effect and are problematic under many c i rcumstances, for 

example,  i n  s i tuat ions of l ow statist ical power10 . I n  addit ion ,  stat ist ical s ign ificance 

tests shou ld  only be used if the assumpt ion of randomisation (random sampl ing 

and/or ass ignment) is met (Shaver ,  1 993) . Shaver argued that "without  

randomness,  the resu l t  of the test of stat ist ical  s ign ificance is mean ing less or ,  at 

best, its relevance to a statement of probab i l ity is i ndeterm inate" (p .  299) .  Poo le 

( 1 987) went  so far  as to state that tests of  s ign if icance are "worse than useless" 

(p. 1 96) , even "mis leading . "  Furthermore , s ign if icant tests do not ho ld the overal l  

error rate to the des i red leve l .  However, po int est imates of E S  and confidence 

i nterva ls ,  when i nterpreted correct ly, do not suffer from the problems associated 

with s ign if icance test ing (Borenstein et a l . ,  1 997;  Schmidt, 1 996) . Confidence 

intervals  have been used i n  the past as tests of sign ificance by look ing for nu l l  

val ues with in t he  confidence interval (Poole ,  1 987) . For example,  a 95% 

confidence interval that does not contai n zero i ndicates a stat ist ica l ly  s ign ificant 

effect at p < . 05 .  However,  this pract ice suffers from exact ly the same problems as 

any other  stat ist ical s ign ificance test ing procedu re, and therefore, is not used 

here .  

I n  the present study, where an  ES for the between-groups comparison was equa l  

to ,  or  greater than ,  Cohen 's ( 1 988) defin it ion of  a smal l effect , i t  was considered 

potent ia l ly important . Cohen argued that scient if ica l ly  important effects may be of 

th is  modest o rder of magn itude. I ndeed , in the present invest igation ,  the meta­

ana lysis strong ly suggests that recogni t ion memory deficits may be qu ite smal l ;  

b u t  t h i s  does n ot mean they are un important .  Fu rthermore, observed ESs are 

usua l ly atten uated by i rrelevant sou rces of variance and so are l i kely to be 

smal ler  than what they wou ld  be if measu rements cou ld be made without error 

(Cohen , 1 988; H unter & Schmidt, 1 990) . For example, K im and Hunter ( 1 993) 

found  that after correction for measurement erro r  and dichotom izat ion of 

1 0 I n  the present study, smal l effect sizes were predicted for the recognition memory tasks based 
on the results of the meta-analysis. G iven the number of participants used, there would have been 
j ust 1 5% power to detect a small recognition memory deficit using a two-tai led t-test with an alpha 
level of . 05.  Under these conditions the sample size would have had to be increased to nearly 800 
to provide satisfactory power. A sample of this size would have been impossible. Thus, the low 
level of stat ist ical power available in  the present study is good reason to i nterpret the results with 
respect to the magnitude of the effect rather than statistical sign ificance. 
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variab les ,  the mean ES for the relat ionsh ip between att i tudes and behaviou r  

increased from .47  to  .79 .  Fo r  each with in-groups comparison in  the  present 

study, the correlat ion between T ime 1 and T ime 2 (test- retest re l iab i l ity 

1 01 

coeff ic ient) was used to correct for attenuat ion due to between-subjects var iat ion 

(see Hunter & Schm idt, 1 990) . The magn itude of  the effect was quant if ied i n  terms 

of Cohen's ES stat ist ic ,  d. Cohen offered the fo l l owing convent ional def i n i t ions of 

ES: sma l l :  d = .20, med ium:  d = . 50 ,  large: d = . 80. Cohen made it c lear that 

a lthough he suggested convent ions for ES, researchers shou ld  interpret the 

mean ing of an ES in  l i ght of the context in wh ich it is  embedded. Here ,  a sma l l  

effect was taken as  � .20 and < . 50 ;  a med i um effect as  � . 50 and < . 80 ;  a large 

effect as � .80.  

For each F test, estimates of ES were calcu lated from sample means o r  112 (eta 

squared : used by SPSS for W indows) provided that F > 1 .  (See Appendix D for 

the formu las used i n  the computat ion of d.)  Trad it ional p val ues are sti l l  reported 

a longside the ES stat ist ics to al low for a comparison with the usual method of 

interpret ing the resu lts .  Where the resu lts of an analysis i nd icated F � 1 ,  th is  was 

reported in  the text without an ES estimate. However, a l l  ESs that cou ld  be 

calcu lated from sample stat ist ics were reported, regard less of the associated F 

va lue  i n  ES summary tables. 

Prior to the stat ist ical analyses, the data set was checked for m issing va l ues. Few 

cases with miss ing val ues were found  with the except ion of the MC test (24% 

miss ing) and the NART measu red at Time 2 (over 50% miss ing) .  M iss ing data on 

these tasks were mai n ly due to techn ical problems and rarely due to partici pant­

related factors. Because complete val ues of the NART measu red at T ime 1 were 

ava i lab le ,  data from T ime 2 were d ropped from the analysis .  The MC data were 

sti l l  analysed but cases with miss ing values were dropped. The few miss ing 

val ues from other tasks were replaced with the appropriate g roup mean 

(Tabachn ick & F idel l ,  1 989) . 

The stat i st ical assumptions of the tests used i n  the present study were checked 

pr ior to the main analyses. SPSS for Windows was used to va l idate the 



1 02 Chapter 3 Recognition, Recal l ,  and Prospective Memory Defic its 

assumpt ions where appropr iate. In part icu lar, Z scores were ca lcu lated for each 

dependent var iable (DV) at each level of the i ndependent var iable ( IV) , to check 

for u n ivariate out l iers .  Where a part ic ipant's score was more than th ree standard 

deviations from the mean ,  i t  was checked for accu racy. Where the score was 

accu rate, it was considered val id and left in the analys is .  The F max test was used 

to assess the assumption of h omogenei ty of var iance (Coakes & Steed , 1 996) . An 

F max val ue was calcu lated by d ivid i ng  the largest variance by the smal lest 

var iance; val ues of less than th ree were taken to ind icate that the assumpt ion was 

met. 

Recognition memory data. The percentage of correct responses at each level of 

d iffi cu lty of the NRMT at T ime 1 and at T ime 2 were analysed separate ly with 

p lanned contrasts . The fi rst contrast was used to compare the male PO group with 

the male HC group .  The second compared the female PO group with the female 

HC g roup .  To l imit  the number of contrasts , no d i rect comparisons were made 

between the PO subgroups. Repeated measu res ANOVA was used to conf i rm that 

the man ipu lat ion of task d ifficu lty was effective ( i . e . , that each g roup had lower 

mean PC scores at the more d iff i cu lt l evel of the task re lat ive to the eas ier l eve l ) .  

The VRMT data were analysed i n  the same way the NRMT data were ana lysed. 

To examine whether memory dec l i ned over the 6-month per iod, a compar ison was 

made between the T ime 1 and the Time 2 ESs. A substant ia l ly larger ES at the 

second session was taken to ind icate memory decl ine in  the PO group.  

Recognition memory confidence ratings data. The conf idence data were scored as 

the n umber of times each of the four  confidence rat ings were used , expressed as 

a proport ion of the tota l t r ia ls .  Pre l im inary analysis ind icated that the conf idence 

data contained many miss ing val ues. M issing data are prob lematic in  th is case 

because they may d istort the proport ion of confidence rat ings .  Therefore, the data 

were fi rst analysed by compar ing those part ic ipants with miss ing data to those 

part ic ipants without m iss ing data. Also, to assess whether the n umber of 

part ic ipants with miss ing data was the same between PO and HC g roups, the x2 

test was used. Males and females were assessed separately. The prel im inary 

ana lys is  also ind icated that the data d id  not meet the assumptions necessary for 
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parametric analys is .  Therefore, the nonparametr ic Mann-Wh itney U test was 

used. Comparisons were made between PO and HC groups as a funct ion of 

gender and t ime.  

1 03 

Recall and prospective memory data. The reca l l  data (KOL  T age-sca led 

quot ients) and the prospect ive memory data (PMQT and PMOT) were analysed i n  

the same way the VRMT data were analysed. 

Disease stage data. To examine the potent ia l  moderating effect of d isease stage, 

the part ic ipants were classif ied into two g roups based on a cut-off of H& Y 1 1 , and 

planned comparisons were conducted . The g roups were compr ised of part ic ipants 

in  the early stages (early PO) (H& Y rat ing of I or  1 1 )  and those in the more 

advanced stages (advanced PO) (H& Y rat ing of I l l  o r  IV) .  Because part ic ipants 

were rated on the H& Y at each session , separate analyses were conducted for 

Time 1 and for T ime 2. The contrasts were made between the early PO group  and 

the HC g roup ,  and between the advanced PO group  and the HC group .  

Depression data. To examine the potent ia l  moderat ing effect of  depression ,  the 

part ic ipants were d ivided into th ree groups based on a cut-off score of  1 0  on the 

GOS, and p lanned comparisons were conducted . The groups consisted of PO  

part ic ipants who met t he  criteria for poss ib le depression,  PO part ic ipants who d id 

not show s igns of  depression,  and HC part ic ipants who d id not  show s igns of 

depression . Those part ic ipants in the control g roup  who showed s igns of 

depress ion were not used in th is analys is .  Because d ifferent n umbers of 

part ic ipants met the criteria for depression at each sess ion,  separate analyses 

were conducted. Planned contrasts were made between the depressed PO g roup 

and the nondepressed HC group, and between the nondepressed PO group and 

the nondepressed HC g roup .  

Age at  onset data. To f ind out  whether the age at  symptom onset moderated any 

memory impa i rment found  in PO, the part ic i pants were class if ied into two groups 

based on a cut-off of 60 years of age at onset, and p lanned comparisons were 

conducted. There were 1 8  part ic ipants (7 females,  1 1  males) with symptom onset 
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before 60 years of age (early-onset PO) ,  and 23 part ic ipants (9 females ,  1 4  

males) with onset at or  after 60 years of age ( late-onset PO) .  Each subgroup was 

matched with an equal number of contro ls  on the basis of gender ,  age, education , 

and p remorbid IQ.  P lanned contrasts were used to compare each PO subgroup 

with the i r respective control g roup .  

Correlation Analysis. To further eva l uate the re lat ionship between memory and the 

potent ia l  moderators descri bed above, correlat ions were calcu lated between the 

memory task scores and H& Y stage, age at onset, and GDS score. Correlat ions 

were determined with the Pearson product-moment corre lat ion coeffic ient ,  r. 

Again ,  Cohen's ( 1 988) convent ions were used to interpret the s ize of the 

corre lat ion coefficients: sma l l :  r = . 1  0 ,  med ium :  r = . 30 ,  large: r = . 50 .  

I n  addit i on ,  correlat ions were computed between Time 1 and T ime 2 for each of 

the memory tasks as a funct ion of g roup  and gender, so as to provide an 

ind icat ion of test- retest re l iab i l ity. 

Principal components analysis of memory tasks. Because the n umber of DVs 

used to measu re memory was relative ly large, it was deemed appropriate to 

conduct an empi r ical summary of the data set .  Pr incipal components analys is 

(PCA) i s  a stat ist ical techn ique that can be app l ied to a set of var iables in  order to 

produce a smal ler set of orthogonal components (Tabachn ick & F ide l ! ,  1 989) .  Th is 

approach "produces a more rel iab le assessment of the conceptua l  constructs and 

increases power both though increased re l iab i l ity and th rough preservat ion of 

degrees of freedom" (Bondi  et a l . ,  1 993, p. 1 00) . In the cu rrent analys is ,  PCA was 

used with Varimax rotat ion .  The fo l lowi ng variables for each session separately 

were entered into the analys is :  VRMT,  NRMT, KOL TO , PMQT, and PMOT. 

Pr inc ipa l  components analys is has an addit ional benefit in that i t  can be used to 

produce factor scores for each part ic ipant, and these scores are usua l ly  more 

re l iable than scores on ind iv idual  observed variables (Tabachn ick & Fide l ! ,  1 989) . 

D ifferences between data sets were examined with MAN OVA and ANOV A. Al l  

assumpt ions and pract ical cons iderat ions underlying the appl icat ion of PCA, 

MANOVA, and ANOVA were confirmed pr ior to the analyses. 
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Two d ifferent sets of analyses were conducted . F i rst, MANOVA was used to look 

at whether gender moderated d ifferences between the PO and HC groups .  Each 

component served as the DV, and g roup ( PO,  HC) and gender (males, fema les)  

served as the IVs .  Further in terpretat ion of any mu lt ivariate effects was made with 

un ivar iate tests. Second, MANOVA was used to look at whether d isease stage 

moderated d ifferences between each PO subgroup and the HC group.  Each 

component served as the DV, and group  (advanced PO ,  HC,  or  early PO ,  HC) 

served as the IV .  Aga in ,  fu rther interpretat ion of any mu lt ivariate effects was made 

with un ivariate tests . Because d isease stage was rated at each sess ion ,  there was 

the potent ia l  for a part ic i pant to be classif ied as advanced PO at one t ime but 

early PO at the other t ime. Therefore, for the pu rpose of th is analys is ,  part ic ipants 

classified as advanced at e i ther t ime formed the advanced PO g roup ,  wh i le the 

remain i ng part ic ipants formed the early PO group .  

Participants 

Fifty eight vol unteers with id iopath ic PO were recru ited for the present study. 

Vol unteers were sou rced through five Park i nson ism Societ ies in  the lower North 

I s land of New Zealand. Pr ior to tak ing part i n  the study, each part ic ipant was 

screened by te lephone to ensure that they met the fo l lowing cr iter ia :  (a) no other  

med ical cond i t ions with known central nervous system compl icat ions;  (b )  no 

hered itary d iseases (e .g . , W i lson's d isease, Hunt ington 's d isease) ; (c )  never 

suffered from alcohol abuse; (d) never suffered from a neuro log ical impai rment 

(e .g . ,  Alzhe imer's d isease, stroke, brain tumou r, head trauma with loss of 

consciousness g reater than 1 hr) ;  (e) never had neurosurgery; and (f) no  

premorbid h i story of s ign if icant emot ional  d i stu rbance before the  onset of PD .  

(See Append ix  R for a copy of  the screen ing  quest ionna i re . )  Those part ic ipants 

that reported a d iagnosis of c l in ical depression subsequent to the onset of PO 

were not exc luded because the ro le of depress ion was to be examined in the 

research programme. In  addit ion, part ic ipants who were co lour  b l i nd ,  had poor 

eye-s ight ( un less corrected art if ic ial ly) , or  had d iff icu lty fo l lowing the task 

instruct ions were excl uded so as to prevent these factors confound ing 
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performance on the memory tasks. F inal ly, part ic ipants who reported a poor 

response to ant iparki nson ian med icat ion were exc luded on the gro unds that they 

may not have id iopath ic  PO (Bakheit , 1 995 ; Calne et a l . ,  1 992) .  Seven ( 1 2%) 

part ic ipants were exc luded on the basis of the above cr iter ia. A fu rther seven 

part i cipants were exc luded from the eventua l  experimental sample because they 

cou l d  not take part i n  the second test session . Three more (5%) were a lso 

exc luded because they showed signs of dement ia .  

S ixteen female and 25 male PO Part ic ipants remained i n  the exper imental 

samp le. This corresponds to a male-to-female rat io of 1 : 1 . 56 ,  s imi la r  to that 

reported by others in  the PO l iterature ( D iamond ,  Markham, Hoeh n ,  McDowe l l ,  & 

Muenter, 1 990) . The healthy control (HC) group consisted of 41  part ic ipants (23 

males,  1 8  females) , spouses of the PO part ic i pants and other vol u nteers from the 

commun ity selected to match as closely as poss ib le the PO group in terms of age 

and educat ion (see Table 6). Excl usion cr iter ia for the contro ls were the same as 

for the PO part ic ipants. 

P lanned compar isons were conducted to exam ine whether there were important 

demograph ic  and psychometric d i fferences between the PO and HC g roups.  As 

can be seen in  Table 6 ,  there was l itt le evidence of important d ifferences i n  mean 

age between the male PO and the male HC groups (F < 1 ) ,  or  between the female 

PO and female HC groups,  F( 1 ,  78) = 1 . 95 , p =  . 1 7 , d =  .48 ( - .22-1 . 1 9) .  The 

analysis also ind icated that the PO and the HC g roups were equivalent i n  terms of 

years of educat ion ( Fs < 1 ) ,  and i n  males, the two g roups were equ ivalent with 

regard to premorbid IQ (F < 1 ). The female PO g roup had a mean IQ 5 points 

l ower than that of the female HC group, F( 1 ,  78) = 1 . 8 1 , p = . 1 8 , d = .54 (­

. 1 6- 1 .25) .  F ina l ly, there was no evidence that the rat io of males and females i n  

the  PO group was d ifferent to  that of the  HC g roup ,  x2 ( 1 , N = 82) = .20, p = . 65 ,  d 

= . 1 0  ( - .34-.54) .  
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Table 6 Means and SOs for the Demographic and Neuropsychological 
Cha ra cteristics of the Parkinson 's Disease (PO) Group and the Healthy Control 
(HC) Group as a Function of Gender and Time 

Male PO Male HC Female PO Female HC 
M so M so M so M so 

Age 70.48 5.93 69. 1 3  5.43 67.94 6. 1 6  70.67 5. 1 8  
(years) 
Education 3 .92 3 .00 4.22 3.27 4.06 2.82 4 .50 2.75 
(years) 
Premorbid 1 09 .62 1 1 . 1 9  1 08.76 9 .88 1 09 .00 9.47 1 1 4 .00 6 .9 1  
IQ  
OMCT 4.40 3.42 2.43 2 .09 3. 1 9  3. 1 7  2 .33 2 .77 
GDS 

Time 1 1 0.72 5.86 5.35 4 .37 8.63 5.41 4 . 1 7  3 .62 
Time 2 1 0 .64 5.22 4.48 3 .8 1  9 .69 5.88 3 .78 4 .52 

SFT 
Time 1 22.20 6 .05 26.70 7. 1 2  26.94 6.38 32 .6 1  6 .62 
Time 2 23 .21  6 .38 28.54 4.44 28.38 6.03 32 .97 5.26 

FAS 
Time 1 36.98 1 3.73 40 .06 1 1 . 97 38.38 1 2 . 94 45 .44 1 2 . 76 
Time 2 37.92 1 4. 1 8  43 .00 1 1 .48 37.27 1 1 .89 46 .82 1 4 . 1 9  

VAS - Beg 
Time 1 24.48 23 .60 20.9 1  1 7. 1 5  24.50 24.88 1 2 .22 1 4.58 
Time 2 27.68 22.20 1 9 .78 1 9 .30 24. 1 3  21 .68 1 3.33 1 6 .33 

VAS - End 
Time 1 22.94 24.41 1 9 . 9 1  22 .73 1 4.00 1 9 .49 1 1 .44 1 9 .97 
T ime 2 1 9 .84 20.76 1 4 .30 1 6.41 2 1 .25 25.71 1 3. 50 2 1 . 23 

Note. Premorbid I Q  = Premorbid ful l-scale  I Q  (WAIS-R) estimated from National Adult 
Reading Test; OMCT = Orientat ion-Memory-Concentrat ion Test ; GDS = Geriatric Depression 
Scale;  SFT = Supermarket Fluency Test ; FAS = FAS Fluency Test ; VAS - Beg = Visual 
Analogue Scale - Anxiety at the beginn ing ;  V AS - End = Visual Analogue Scale - Anxiety at 
the end. 

Dementia Rating. Although part ici pants with O MCT scores that ind icated 

dement ia were excl uded from the study, PO part ici pants genera l ly had h igher 

(poorer) scores relat ive to the HC part ic ipants. As can be seen in Tab le 6 ,  the 

male PO group had a poorer mean dementia rat ing relative to the male HC group ,  

F( 1 ,  78)  = 5 .67, p = . 02 ,  d = . 69 ( . 1 0-1 .29) ,  but there was l i tt le d ifference between 

the two female groups (F < 1 ) . 

The d ist r ibut ions of OMCT scores for the two male groups are shown i n  F igure 6.  

l t appears that considerably more male PO part ic ipants scored above 8 relative to 
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the male H C  part ic ipants, but  relat ively less male PO part icipants had scores of 2.  

F ig u re 7 shows that the female PO d istr ibution was s im i lar to  that of the female 

HC g roup, except that a greater number of controls had scores of two. 

Depression Rating. From Table 6, it can be seen that at both T ime 1 and Time 2 

the male PO g roup had marked ly h igher mean GOS scores than thei r  respective 

cont rol group, F( 1 ,  78) = 1 4. 1 6 , p < .00 1 , d = 1 .03 ( .42-1 .65) ,  and F( 1 ,  78) = 

1 9 .28 ,  p < . 00 1 , d = 1 . 34 ( .70-1 .98) . The d istr ibut ions of these scores, at T ime 1 ,  

for both· the male P O  g roup  and the male HC group are shown in F igu re 8. Forty­

fou r  percent ( 1 1 )  of the ma le PO group scored above the cut-off (GOS = 1 0) , and, 

therefore, were classif ied as depressed . Converse ly, on ly 1 3% (3) of the male H C  

g roup  met the cr iter ia for depress ion.  At Time 2 ,  64% ( 1 6) of the male P O  group 

were classif ied as depressed , whereas, only 9% (2)  of the male HC group met the 

criteria for depress ion (see F igure 9) . 
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Figure 6. Orientation-Memory-Concentration Test (OMCT) scores for the 25 
m ale PO part ic ipants and the 23 male HC part ic ipants. H igher scores indicate 
poorer cogn it ive status .  
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At both T ime 1 and T ime 2 the female PO group had marked ly h igher mean GDS 

scores than the i r  respect ive control g roup (see Table 6) ,  F( 1 ,  78) = 6.90 ,  p = . 0 1 , 
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part ic ipants and  the  23 male HC part ic ipants at T ime 1 .  H igher scores 
ind icate g reater depress ion .  
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Figure 9. Ger iatr ic Depression Scale (GOS) scores for the 25 male PO 
part icipants and the 23 ma le HC part ic ipants at T ime 2. H igher scores 
ind icate greater depress ion .  

d =  . 98  ( .25-1 . 7 1 ) ,  and F( 1 ,  78) = 1 2 .54, p =  . 00 1 , d= 1 . 1 4  ( .39-1 .88) . At T ime 1 ,  

44% (7) of the fema le  PO g roup met the criteria for depression, whereas none of 

the female H C  group  were class ified as depressed (see Figu re 1 0) .  At T ime 2 ,  

44% (7) of  the fem ale P O  part ic ipants met the criteria for depress ion,  but on ly 

1 1 % (2)  of the fem ale HC part ic ipants were classif ied as depressed (see F igure 

1 1  ) .  

Semantic Fluency. Table 6 ind icates that the male P O  group had poorer semantic 

f luency re lat ive to the m ale HC group,  both at Time 1 ,  F( 1 ,  78) = 5 .64, p = . 02 ,  d = 

. 68 ( .09-1 . 28) ,  and at T ime 2 ,  F( 1 ,  78) = 1 0 .95,  p = .001 , d = . 96 ( .35-1 . 57) . 

S im i lar ly, the fem al e  PO group had poorer performance relat ive to the female HC 

group ,  both at T ime 1 ,  F( 1 ,  78) = 6.35, p = . 0 1 , d = .87 ( . 1 5-1 .60), and at Time 2, 

F( 1 ,  78) = 5 .  75 , p = .02, d = . 82 ( .09-1 .54) .  

Letter Fluency. The resu lts of the premorb id letter fl uency test provided no 

evidence of a d ifference between the male PO group and the male HC group (M = 

42 .72 ,  SO = 7.64 ,  and M =  42 .26,  SO = 6.63,  respectively) , F < 1 .  However, the 

fema le PO group had somewhat poorer premorbid letter f luency ( M = 42 .3 1 ,  SO = 
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6.38) re lat ive to the female HC group ( M = 45 .44, SO = 4.66) , F( 1 , 78) = 1 . 93, p = 

. 1 7 , d =  .57 ( - . 1 4-1 .27) . 

I n  terms of cu rrent letter f luency (see Table 6) , the male PO group appeared to 
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Figure 1 1 . Ger iatr ic Depress ion Scale (GDS) scores for the 1 6  female PO 
part icipants and  the  1 8  fema le HC part icipants a t  T ime 2. H igher scores 
ind icate greater depress ion .  



1 1 2 Chapter 3 Recognition, Recal l ,  and Prospective Memory Deficits 

have norm al letter f luency relat ive to their respective controls at Time 1 (F  < 1 ) ,  

and s l ight ly poorer letter fl uency a t  T ime  2 ,  F( 1 ,  78) = 1 . 82 , p = . 1 8 , d = .39 (- . 1 9-

.98) .  The fema le PO g roup had poorer performance than the female HC group, 

both at Time 1 ,  F( 1 ,  78) = 2 .54 ,  p = . 1 2 , d = .55 (- . 1 6-1 .26) ,  and at Time 2 ,  F( 1 ,  

78) = 4.54, p = .02 ,  d = .73 ( . 0 1 -1 .44) . 

Anxiety. As can be seen in Table 6 ,  there was l ittle evidence of a difference in 

anxiety between the m ale PO group and the male HC group,  at the beginn ing of 

T ime 1 ( F  < 1 ) ,  o r  at the beginn ing of T ime 2 ,  F( 1 ,  78) = 1 . 84, p = . 1 8 , d = .38 (­

.20-1 . 27 ) .  I n  contrast, the female PO group had h igher anxiety than the female 

HC g roup ,  both at T ime 1 ,  F( 1 ,  78) = 3 .04, p = .09, d = . 6 1  ( - . 1 0-1 . 32) , and at 

T ime 2 ,  F( 1 ,  78) = 2 .43 ,  p = . 1 2 , d = .57 (- . 1 4-1 .27) . At the end of the testing 

sess ion , anxiety leve ls  were not elevated in the male PO group at either time (Fs< 

1 ) .  S im i larly, the fem ale PO group had s im i la r  levels of anxiety to those of their 

respect ive control g roup ,  both at Time 1 (F < 1 ) ,  and at Time 2 ,  F( 1 ,  78) = 1 . 1 7 , p 

= .28 ,  d = .33 ( - .37-1 .03) .  

F ina l ly, although there were some differences in VAS anxiety scores, the level of 

reported anxiety was general ly very low. For instance, no participant scored 

above 83 on the 1 00-point scale ,  and the 75th percent i le was � 50 for a l l  g roups. 

Vigilance. Overa l l ,  performance was generally h igh ;  no part ic ipant scored below 

.70,  and the 75th percent i le was :?: .98 for a l l  g roups. Even so ,  the male PO group 

had m arked ly poorer sensit iv ity than the male HC group (see Table 7) ,  both at 

T ime 1 ,  F( 1 ,  36) = 1 5 .27 ,  p <.001 , d =  1 . 1 0  ( . 39-1 .80), and at Time 2 ,  F( 1 ,  42) = 

1 0 .52 ,  p = .002 ,  d = 1 .20 ( .54-1 .86) . The female PO group had s im i lar  sens itivity 

to that of the fem ale HC group ,  at Time 1 ( F  < 1 ) ,  but poorer sensit ivity at Time 2 ,  

F( 1 ,  30) = 7 .35 ,  p = . 0 1 , d = 1 .00 ( .24-1 .76) .  

With respect to response bias,  one-sample t-tests ind icated that at T ime 1 the 

male PO group produced posit ive b ias, t( 1 6) = 2 . 1 5 , p = .05 ,  d = .53,  ( - . 50- 1 .56), 

whereas the ma le HC group produced negat ive bias, t(20) = -3. 1 0 ,  p = .0 1 , d = 
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Table 7 Means and SDs for the Mackworth Clock for the Parkinson's Disease 
(PO) Group and Healthy Control (HC) Group as a Function of Gender and Time 

Male PO Male HC Female PO Female HC 
M so M so M so M so 

A '  
Time 1 a .95 .05 .99 .02 .97 .04 .98 .02 
Time 2b .93 .09 .99 .01  .94 .07 .99 .02 

8" 
Time 1 a .39 .74 - .55 .82 - .26 .97 -.09 .96 
Time 2b - . 1 2 .74 - .58 .79 - .01 .78 - .35 .92 

. Note. A ' =  Nonparametric measure of sensitivity; 8" = Nonparametric measure of response b ias. 
an =  1 7  PO Males, 21 H C  Males, 1 3  PO Females, 1 0  HC Females. bn = 22 PO Males, 22 HC 
Males, 1 5  PO Females, 1 7  HC Females . 

. 67, ( - .26- 1 .60) ;  a between-groups comparison revealed a large d ifference 

between the male P O  and HC groups, F( 1 ,  36) = 1 3. 5 1 , p < . 001 , d = 1 .20 ( .49-

1 . 9 1  ). At Time 2, the m ale PO g roup had no response bias, t(2 1 )  = - .75 ,  wh i le the 

male HC group had a larger negat ive bias t(2 1 ) = -3.48, p = .002 , d = . 73 ,  ( - . 1 8-

1 .64) ; a between-groups comparison ind icated a medium effect, F( 1 ,  42) = 4 . 1 1 ,  p 

= .05 ,  d = .63 ( .0 1 -1 .25) .  At T ime 1 ,  both the female PO and the female HC group 

had l it t le response bias, t( 1 2) = - . 97 ,  and t(9) = - . 30 ;  a between-groups 

com parison showed no  pract ica l d ifference between the groups (F < 1 ) .  At Time 2, 

the female PO g roup  had no response bias, t( 1 4) = - . 05, whereas the female HC 

group produced a smal l  negative b ias, t( 1 6) = - 1 . 56, p =  . 1 4, d =  .38,  ( - .65- 1 .4 1 ) ;  

a between-groups comparison revealed a smal l  effect, F( 1 ,  30) = 1 .23, p = .28,  d 

= .34 ( - . 38-1 .06) .  

To summarise, v ig i lance was general ly h igh ,  a lthough the PO part ic ipants 

genera l ly had poorer sensit ivity than the cont ro ls .  There was no cons istent 

evidence of response b ias in the PO part ic ipants , but the male PO group 

responded somewhat d ifferently to that of their respective controls. 
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The strategies used to com plete the MC task were c lass ified as being either 

internal or  externa l .  At T ime 1 ,  more PO males (94%) used external strateg ies 

than HC males (7 1 %) , l ( 1 , N = 39) = 3 .49,  p = .06, d = .63 ( - .03- 1 .29) . However, 

at T ime 2 there was l itt le d ifference between the numbers of PO and HC ma les 

us ing external strateg ies (8 1 %  and 82%, respectively) , x2 ( 1 , N = 43) = 0.0 1 , p = 

.94 ,  d = . 02 ( - .59- .63) .  For the female part icipants, more of the PO sample than 

the HC sample used external strateg ies at Time 1 (92% and 80%, respect ively) , l 
( 1 , N = 23) = 0.75 ,  p = . 38 ,  d = . 37  (- .49- 1 .24) . S im i larly, at T ime 2 a greater  

n umber of  P O  females (87%) used external strateg ies than HC females (7 1 %) , x2 

( 1 , N =  32) = 1 .2 1 , p =  .27 ,  d =  . 40 (- . 33- 1 . 1 2) .  

C learly, m ost part ic ipants rel ied on external strateg ies to complete the vig i lance 

task, and any d ifference between the PO and contro l groups was general ly smal l .  

Parkinson 's Disease Diagnosis and Disease Stage. The d iagnosis of PO had been 

made by each part ic ipant's own general practit ioner and confirmed by a 

neu rolog ist i n  93% of cases (based on self- report data) . Support for the d iagnosis 

of PO was m ade with the help of Calne et a l . 's  ( 1 992) categor ies of diagnos is .  I n  

the m ale P O  g roup ,  72% were categorised as being c l in ica l ly defin ite, 24% as 

be ing c l i n i ca l ly  probab le,  and on ly one part ic ipant was classif ied as cl in ica l ly 

poss ib le .  I n  the female P O  g roup ,  75% were classified as being c l in ical ly defin ite, 

wh i le the rema in ing part ic ipants were classified as c l in ical ly probable. 

D isease stage was rated with the H& Y (Hoehn & Yahr, 1 967) . The number of 

part icipants in  each of the five stages of the rat ing scale at T ime 1 (F igure 1 2) and 

at T ime 2 ( F igu re 1 3) shows that most part ic ipants were rated at stage 1 1  or I l l ,  

ind icat ing these P O  part ic ipants had m i ld-to-moderate phys ical symptoms. 

Table 8 presents a summary of the funct ional severity (mAOL), d isease du ration 

( i . e . ,  years s ince the onset of symptoms) ,  and age at onset of symptoms data. 



Method 

20 

1 5  

c 6 1 0  
0 

5 
Gender 

0 Females 

Ill IV 

Hoehn & Yahr Rat ing 

Figure 12. Number of part ic ipants at each stage of the Hoehn and Yah r 
D isease Rat ing Scale as a funct ion of gender at T ime 1 .  The h igher the 
rat ing ,  the more severe the symptoms. 

Medication at  Time 1 .  The medicat ion profi le of the male and female PO 

part ic ipants is  shown in Table 9. Out of  the 25 ma le PO part ic ipants, 92% were 

20 

1 5  

c 6 1 0  
0 

5 
Gender 

0 Females 

1 1  I l l  IV 

Hoehn & Yah r Rating 

Figure 13. Number of part ic ipants at each stage of the Hoehn and Yah r 
D isease Rat ing Scale as a funct ion of gender at T ime 2 .  The h igher the 
rat ing ,  the more severe the symptoms. 

1 1 5 



1 1 6 Chapter 3 Recognition ,  Recal l ,  and Prospective Memory Deficits 

Table 8 Means and SDs for the Parkinson 's Disease (PO) Group 
Cha racteristics as a Function of Gender 

Male PO Female PO 
M so Range M so Range 

mADL 
Time 1 a  1 1 .40 3 .59 3- 1 8  8.00 4 . 1 0 0- 1 6  
Time 2b 1 0.92 4. 1 5  2-20 8 .56 4.38 0- 1 6  

Disease durationc 1 0 . 1 6 5 .91  1 -25 7.22 5 .03 1 -21 
Age at onsetc 60.32 7 .81  39-74 60.72 i 0.06 38- 77 

Note. mADL = modified Activities of Dai ly Living Scale. 
an = 20 males, i 4 females. b n = 24 males, 1 6  females. cYears. 

taking ant ipark inson ian med icat ions .  Of those taking medicat ion,  a l l  were us ing 

levodopa with a decarboxylase i nh ib itor ,  30% were taking a dopam ine agonist ,  

26% were taking a m onoam ine oxidase-B inh ibitor, and one was on an 

ant icho l i nergic. Two part ic ipants were also receiving tr icyc l ic  antidepressants. 

Fifty-seven percent of the males were taking more than one type of 

ant iparki nson ian m ed icat ion .  

Of the 1 6  female PO  part ic ipants , 94% were tak ing ant iparkinson ian med icat ion.  

In th is m ed icated subg roup,  93% were taking levodopa plus decarboxylase 

i nh ib itor ,  1 3% were tak ing a dopam ine agon ist ,  1 3% were taking a monoam ine 

oxidase-B inh ib itor , and 33% were taking an ant ichol inergic. Two part ic ipants 

were also us ing t ricycl i c  ant idepressants. S ixty percent were receiving more than 

one type of ant iparkinson ian m ed icat ion .  

As c losely as poss ib le ,  part ic ipants were tested at a t ime of opt imal  therapeut ic 

effect . One female part ic ipant had temporari ly stopped tak ing  a l l  ant iparkinson ian 

m ed icat ion ,  and two males were early in  the cou rse of PO and had not yet started 

taking  ant ipark inson ian medicat ion .  

Medication a t  Time 2. Of the 25 male PO part ic ipants, a l l  but one were taking 

ant ipark inson ian m ed icat ion (Table 9) . Of those us ing med ication , a l l  were taking 

levodopa p lus decarboxylase i nh ib itor, 26% were taking a dopam ine agon ist, 46% 
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Table 9 Medication Profile of Parkinson 's Disease (PO) Participants as a Function 
of Gender and Time 

Male PO Female PO 
Med ication Profi lea n (%) n (%) 

Antiparkinson ian medication 
Time 1 

L-Dopa 1 0  (40) 6 (38) 
L-Dopa + Dopamine Agonist 5 (20) 1 (6) 
L-Dopa + MAOI 5 (20) 1 (6) 
L-Dopa + Dopamine Agon ist + MAOI  1 (4) 0 (0) 
L-Dopa + Dopamine Agonist + Anticho l inergic 1 (4) 0 (0) 
L-Dopa + MAOI + Antichol inergic 0 (0) 1 (6) 
L -Dopa + Anticho l inergic 0 (0) 3 ( 1 9) 
L-Dopa + Tricycl ic 1 (4) 2 ( 1 3) 
Dopamine Agonist + Anticholinergic 0 (0) 1 (6) 
Withdrawn from L-Dopa 0 (0) 1 (6) 
De novo 1 (4) 0 (0) 
De novo + Tricycl ic 1 (4) 0 (0) 

Time 2 
L-Dopa 8 (33) 6 (38) 
L -Dopa + Dopami ne Agonist 3 (1 3) 1 (6) 
L-Dopa + MAOI 6 (25) 5 (31 ) 
L-Dopa + Dopamine Agonist + MAOI 3 (1 3) 0 (0) 
L-Dopa + Dopamine Agonist + Anticho l inergic 1 (4) 1 (6) 
L-Dopa + MAOI + Anticholinerg ic 1 (4) 0 (0) 
L-Dopa + Antichol inergic 0 (0) 2 ( 1 3) 
L-Dopa + MAOI + Antichol i nergic + Tricyclic 1 (4) 0 (0) 
L-Dopa + Dopamine Agonist + Tricyclic 0 (0) 1 (6) 
De novo + Tricycl i c  1 (4) 0 (0) 

Effectiveness of antiparki nsonian medication 
Time 1 

Good 1 3  (57) 9 (60) 
Fluctuat ing 

Time 2b 
1 0  (43) 6 (40) 

Good 1 6 (67) 9 (56) 
Fluctuating 7 (29) 7 (44) 

Currently on Antidepressants 
Time 1 

Yes 4 (1 6) 2 ( 1 2) 
No 21 (84) 1 4  (88) 

Time 2 
Yes 2 (8) 1 (6) 
No 22 (92) 1 5  (94) 

Note. L-Dopa = levodopa/decarboxylase inhibitor; MAOI = Monoamine oxidase-8 inh ibitor; 
Tricyclic = Tricycl ic antidepressant. 
aBased on participant's self-report. bOne participant had missing data. 

were tak ing a monoamine oxidase-B inh ib itor, and 1 3% were on an 

ant ichol inerg ic .  Two part ic ipants were also receiving tr icycl ic  ant idepressants .  
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Sixty-th ree percent were taking m ore than one type of ant iparkinson ian 

med icat ion . A l l  1 6  female PO participants were taking ant ipark inson ian 

m ed ication : 38% were us ing levodopa p lus decarboxylase inh ibitor, 1 9% were 

takin g  a dopam ine agonist ,  3 1 %  were tak ing a monoam ine oxidase-B inh ib itor, 

and 1 9% were taking an ant icho l i nerg ic .  One part icipant was also taking a tr icyc l ic  

ant idepressant. S ixty-th ree percent were taking more than one type of 

ant iparkinson ian med icat ion .  Append ix S conta ins a l ist of most of the 

ant ipark insonian m ed icat ions commerc ia l ly avai lable in New Zea land .  

To determ ine whether med icat ion with anticho l i nergic propert ies adversely 

affected performance on the memory tasks , part ic ipants receiving anticho l inergic 

d rugs  were com pared with the remain ing part ic ipants. These supplementary 

ana lyses revealed no  detrimental  affects of ant ichol inergic medication on any of 

the mem ory tasks. 

Of the male PO part ic ipants taking antipark insonian med ication at T ime 1 ,  57% 

rated i ts effectiveness as good , and 44% rated it as f luctuat ing (see Table 9) .  At 

Time  2 ,  67% rated it as good , whereas 29% rated it as f luctuating .  I n  the female 

group  at Time 1 ,  60% rated the m edicat ion effect iveness as good, and 40% as 

f luctuat ing .  At T ime 2 ,  56% rated it as good, and 44% rated it as fl uctuating .  

For t hose PO part ic ipants taking  a levodopa preparat ion , the dai ly dose for males 

and females separately is shown in Table 1 0. 

Tab le  1 0  Mean, SO, and Range of the Daily Levodopa Dose for the 
Parkinson 's Disease (PO) Participants as a Function of Gender and Time 

Time 1 a  
Time 2b 

Male PO 
M so 

477. 1 7  233.33 
526.63 223.55 

Range 

1 00-1 1 00 
300-1 000 

Female PO 
M SO Range 

330.36 
308.59 

1 66. 1 0 1 25-700 
1 35.07 1 00-600 

Note. Values represent mean daily levodopa dose i n  mi l l igrams. 
an = 23 males, 1 4  females. bn = 23 males, 1 6  females. 
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In sum mary, the demograph ic var iables described above ind icate that the P D  

part ic ipants were genera l ly we l l  m atched to the controls. However, the 

neu ropsycholog ica l analyses show the PD part ic ipants had poor genera l i sed 

cogn i t ive status and verbal f l uency, although no part icipant met the criteria for 

dement ia .  In addi t ion , the PD part ic ipants genera l ly  had h igher levels of 

depress ion .  

Results 
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Non verbal Recognition Memory as a Function of Gender, Task 

Difficulty, and Time 

Planned comparisons. The percentage of correct responses on the N R MT for 

each gender subgroup were analysed us ing planned com parisons. The with in­

groups comparisons revealed that the manipu lat ion of the task d iff icu lty factor was 

effect ive for the male PO  group, both at T ime 1 ,  F( 1 ,  24) = 1 4 .27,  p = . 00 1 , d = 

1 .4 1  ( .72-2 . 1 1 ) , and at T ime 2, F( 1 ,  24) = 6 . 1 6, p =  .02 ,  d =  1 .02 ( .35-1 .70) (see 

Table  1 1  ) .  Th is was also true for the male HC group, both at T ime 1 ,  F( 1 ,  22) = 

1 6 .89, p < .001 , d = 1 . 43 ( .75-2. 1 1  ) ,  and at T ime 2 ,  F( 1 ,  22) = 1 3 .9 1 , p = .00 1 , d = 

2.24 ( 1 . 1 1 -3 .37) . I nterest ing ly, man ipu lat ion of the task d iff icu lty factor was not 

effect ive for either female group at T ime 1 (Fs < 1 ) ,  and only weak for the H C  

females at T ime 2 ,  F( 1 ,  1 7) = 1 . 1 6 , p = .30,  d = .22 (- . 1 0-.55) .  However, i t  was 

effect ive for the PD  females at T ime 2, F( 1 ,  1 5) = 8 .43, p = . 0 1 , d = 1 . 33 ( .46-

2.20) . 

The between-g roups comparisons revealed that the male P D  group had impaired 

nonverbal recogn it ion memory relat ive to the ma le HC group,  both on the hard 

level ,  F( 1 ,  78) = 7.68,  p = . 0 1 , d = . 79 ( . 1 9-1 . 39) , and on the easy level ,  F( 1 ,  78) = 

3.79, p = . 06 ,  d = . 6 1  ( .02-1 .20) , at Time 1 .  However, at T ime 2 there was no 

evidence to suggest that the male PD group were impaired on the hard level of 

the task ( F  < 1 ) . However, the def ic it remained on the easy leve l ,  F( 1 ,  78) = 2 . 1 3 , 

p = . 1 5 , d = .45 ( - . 1 4-1 . 03) .  
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Table 1 1  Summary of Results From the Nonverbal Recognition Memory Task as a 
Function of Gender, Difficulty Level, and Time for the Parkinson 's Disease (PO) 
and Healthy Control (HC) Groups 

PO HC 
M so Rang_e M so Rang_e 

Malesa 

Hard level 
Time 1 58.58 1 0 .32 40 - 83 66.30 9 .02 50 - 90 
Time 2 62.25 1 4.45 35 - 82 64.57 1 0 .72 50 - 85 

Easy level 
Time 1 68.04 1 1 .78 42 - 89 74.26 8. 1 5  60 - 95 
Time 2 69 .79 1 1 .29 47 - 90 74.43 9 .20 55 - 95 

Femalesb 

Hard level 
Time 1 66.06 9 .27 53 - 85 69.28 9 .75 53 - 90 
Time 2 63.25 1 1 .25 47 - 85 67.78 1 2 .76 40 - 85 

Easy level 
Time 1 67.56 1 4.34 31 - 85 71 .06 9.87 55 - 90 
Time 2 7 1 .75 9 .56 58 - 90 70.28 1 3 .61 45 -1 00 

Note. Values are scores on the NRMT expressed as the percent correct. 
an = 25 PO,  23 HC .  bn = 1 6  PO,  1 8  HC.  

Conversely, there was l it t le evidence to suggest that the fem ale PO group was 

impa i red relative to the female H C  group at T ime 1 ,  on either  the hard or the easy 

leve l of the N RMT ( Fs < 1 ) .  At T ime 2, there was some evidence of a smal l  deficit 

on the hard leve l ,  F( 1 ,  78) = 1 . 1 1 ,  p = .30, d = .38 (- .32-1 .07) ,  but not on the easy 

level (F < 1 ) .  

Verbal Recognition Memory as a Function of Gender and Time 

Planned comparisons. The percentage of correct responses on the VRMT were 

ana lysed us ing p lanned contrasts.  The data in Table 1 2  suggest that the male PO 

group had impa i red verbal recogn it ion relative to the male HC group,  both at T ime 

1 ,  F( 1 ,  78) = 1 . 1 8 , p = . 28,  d = . 33 (- .25-.91  ) ,  and at T ime 2,  F( 1 ,  78) = 3.24,  p = 

. 08, d = . 48 (- . 1 1 -1 . 06) . S im i larly, the female PO group was impaired re lat ive to 

the female HC group ,  both at T ime 1 ,  F( 1 ,  78) = 6.29, p = . 0 1 , d = . 8 1  ( .09-1 .53) ,  

and at T ime 2 ,  F( 1 ,  78) = 3. 1 1 , p = . 09, d = . 71  ( . 00-1 .43) . 
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Table 1 2  Summary of Results From the Verbal Recognition Memory Task as a 
Function of Gender and Time for the Parkinson 's Disease (PO) and Healthy 
Control (HC) Groups 

PO HC 
M so Rang_e M so Rang_e 

Malesa 

Time 1 80.86 7 . 1 4  64 - 98 83 .59 9 .32 67 - 98 
Time 2 82.60 8.96 67 -1 00 87.00 9 .52 70 - 100 

Femalesb 

Time 1 77.41 9 .68 59 - 89 84.89 8.89 70 - 100 
Time 2 79 .34 7.35 65 - 90 84.47 7. 1 1  75 - 1 00 

Note. Values are scores on the V RMT expressed as the percent correct. 
an = 25 PO, 23 HC .  bn = 1 6  PO,  1 8  HC. 

Recognition Memory Confidence Ratings 

Missing data analysis. A pre l iminary analys is of the data ind icated substant ia l  

m issing data.  The Mann-Wh itney U Test was used to check for d ifferences in 

confidence rat ings between part icipants with and without m issing data. The 

resu lts ind icated important d ifferences between these two groups with ESs 

ranging from .02 to .71 for the VRMT confidence rat ings, and .05 to 1 . 1 7  for the 

N R MT. 

The x2 test was used to check that the percentage of part ic ipants with m issing 

data was the same with i n  each group.  For the VRMT at Time 1 ,  the resu lts 

showed there were less male PO part ic ipants (56%) with m issing data compared 

to male H C  part ic ipants (87%) ,  l ( 1 , N = 48) = 5.56 ,  p = . 02 ,  d = .72 ( . 1 3-1 .32 ) .  

S im i lar ly, a t  T ime 2 there were less ma le  PO part ic ipants (44%) compared to  their  

respective controls (74%) ,  x2 ( 1 , N =  48) = 4.4 1 , p = . 04,  d =  .64 ( . 04-1 .23) . The 

s i tuat ion was somewhat d ifferent for female part icipants. At Time 1 there were 

m ore female P O  part ic ipants (8 1 %) with m issing data relative to female HC 

part ic ipants ( 6 1 %) ,  X2 ( 1 , N =  34) = 1 .66, p =  .20, d= . 45 (- .25-1 . 1 6) .  S im i larly, at 
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T ime 2 there were more female PO part ic ipants (69%) with m issing data 

compared to the i r  respect ive controls (50%) , l ( 1 , N = 34) = 1 .23, p = .27 ,  d = .39 

(- . 3 1 -1 . 09) . 

For the hard level of the N R MT at Time 1 ,  there were less male PO part ic ipants 

(32%) with m i ss ing  data relat ive to male HC part ic ipants (57%) , x2 ( 1 , N = 48) = 

2 .93 ,  p = .09,  d = . 58 ( - .08-1 . 1  0) .  At T ime 2 ,  there was l itt le difference between 

g roups (36% and 35% for the male PO and H C  part icipants, respect ively) , l ( 1 , N 

= 48) = . 008, p = . 93 ,  d = .03 (- .55-.60) . For the female part ic ipants there was 

evidence that at T ime 1 there were more in the PO group (50%) with m issing data 

compared to the H C  g roup (22%) , x2 
( 1 , N = 34) = 2 .86, p = .09, d = . 6 1  (- . 1 0-

1 . 32) .  H owever, at T ime 2 there was no evidence of a d ifference between groups 

(38% and 44% for the female PO and HC part ic ipants, respect ively) , x2 
( 1 , N = 34) 

= . 1 7 , p =  .68, d =  . 1 4  ( - .55-.84) . 

For the easy leve l of the N R MT at Time 1 ,  there was on ly a smal l  d ifference 

between the m ale PO part ic ipants and their  respective contro ls (44% and 35%, 

respect ively) , x2 
( 1 , N =  48) = .43 ,  p =  . 5 1 , d =  . 1 9  (- .39-.77) . At Time 2 there were 

more male PO part ic ipants (48%) with m issing data compared to male H C  

part ic ipants (22%) ,  l ( 1 , N =  48) = 3 .6 1 , p =  .06,  d =  .57 (- . 02-1 . 1 6) .  For the 

fem ale part ic ipants at T ime 1 there were s l ight ly more in the PO group (38%) with 

m iss ing data compared to the HC group (28%) , l ( 1 , N = 34) = .37 ,  p = .55 ,  d = 

. 2 1  ( - .49-.90) . However, at T ime 2 there was l itt le d ifference between groups 

(25% and 28% for the female PO and HC part ic ipants , respectively) , x2 
( 1 , N = 34) 

= .03 ,  p = .86 ,  d =  . 06 ( - . 63-.76) . 

I n  summary, part ic ipants with m iss ing data performed d ifferently to those without 

m iss ing data on both the verbal and the nonverbal recogn it ion tasks . Moreover, 

the n um bers of part ic ipants with m issing data varied as a function of group and 

task. 
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Confidence rating analysis. Because the m iss ing data analys is indicated subgroup 

d ifferences in  the conf idence rat ing data set ,  no further analysis or d iscussion wi l l  

be  made. Nevertheless, the mean proport ion of t rials for wh ich each confidence 

rat ing was selected as a function of gender, t ime,  and task can be found in 

Append ix T (Table T1 ) .  

Recall as a Function of Gender and Time 

Planned comparisons. Reca l l  was assessed with the KOL T - age-scaled 

quot ients. From Table 1 3  it is clear that the male PO group had impai red reca l l ,  

both at  T ime 1 ,  F( 1 , 78) = 3 .91 , p = .05 ,  d =  . 55  ( - . 04-1 . 1 4) ,  and at  T ime 2 ,  F( 1 , 

78) = 1 0.86, p = . 00 1 , d = . 94 ( .33-1 .55) .  S im i lar ly, the female PO group had 

impa i red recal l ,  both at Time 1 ,  F( 1 ,  78) = 5 .24,  p = .03,  d = . 82 ( . 1 0-1 .55) ,  and at 

T ime 2 ,  F( 1 , 78) = 1 0.83, p =  .002 , d =  1 . 1 5  ( . 4 1 -1 .90) . 

Table  1 3  Summary of Results From the Kendrick Object Learning Task as a 
Function of Gender and Time for the Parkinson's Disease (PO) and Healthy 
Control (HC) Groups 

PO HC 
M so Rang_e M so 

Malesa 

Time 1 93.72 1 4 .37 61 - 1 23 1 01 .00 1 1 .65 
Time 2 91 .24 1 4.89 62 - 1 34 1 02.80 8.61 

Femalesb 

Time 1 97.81 1 1 . 1 8  85 - 1 23 1 07 .83 1 2.94 
T ime 2 94. 1 3  1 3.36 73 - 1 31 1 07.83 1 0 .39 

Note. Values are Kendrick Object Learni ng Task - mean age-scaled quotients. 
an =  25 PO,  23 HC.  bn = 1 6  PO, 1 8  HC. 

Rang_e 

77 - 1 26 
89 - 1 1 9  

89 - 1 33 
87 - 1 26 
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Prospective Memory as a Function of Gender and Time 

Remembering a Question 

Planned comparisons. There was insuff ic ient evidence to suggest that the male 

PO g roup had impai red prospective memory for a quest ion relat ive to the male H C  

g roup  a t  T i m e  1 ( F  < 1 )  (Table 1 4) .  However, at T ime 2 it appears that the male 

PO g roup were impaired relat ive to the male HC g roup, F( 1 ,  78) = 7.88, p = . 006, 

d = . 84 ( .24-1 . 44) . S im i lar ly ,  the female PO group had normal performance at 

T ime 1 (F < 1 ) , but impa i red performance at Time 2, F( 1 ,  78) = 5 .65 ,  p = .02, d = 

. 78 ( . 06-1 .50) . 

Remembering an Object 

Planned comparisons. Table 1 4  i nd icates that the male PO group had impaired 

Tab le  1 4  Summary of Results From the Prospective Memory Tasks as a 
Function of Gender and Time for the Parkinson 's Disease (PO) and 
Healthy Control (HC) Groups 

PO a HC 

M so Range M so Range 

Males 
PMQT 

Time 1 2 .52 1 .42 0-4 2.87 1 .46 0-4 
Time 2 2 .08 1 .55 0-4 3 . 1 6  0.92 1 -4 

PMOT 
Time 1 3.00 0 .96 2-4 3.61 0.78 2-4 
Time 2 3 .60 0.82 2-4 3. 1 9  0.98 2-4 

Females 
PMQT 

Time 1 3 . 1 3  1 .09 1 -4 3 . 1 7 1 .34 0-4 
Time 2 2 . 1 3  1 .50 0-4 3.22 1 .31  0-4 

PMOT 
Time 1 3 .44 1 .03 1 -4 3.44 0.92 2-4 
Time 2 3 . 1 9 0.98 2-4 3.44 0 .92 2-4 

Note. PMQT = Prospective Memory Question Task; PMOT = Prospective Memory Object 
Task. 
an = 25 Males, 1 6  Females. b n = 23 Males ,  1 8  Females. 
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prospective m emory for an object relat ive to the male HC group at Time 1 ,  F( 1 ,  

78) = 5 .26 ,  p = .03,  d =  . 69 ( . 1 0-1 .29) . However, at Time 2 there was no evidence 

of a deficit in the male PO group .  There was also no evidence that the female P O  

group were impa i red either at Time 1 o r  at T ime 2 ( Fs < 1 ) .  

Summary: Group Differences as a Function o f  Gender 

The ESs com puted for both the male and the female partic ipants showed that both 

PO subgroups suffered from cons istent deficits in nonverbal recogn it ion (at the 

more d iff icu lt leve l ) ,  verbal recogn it ion ,  and recal l  (Table 1 5) .  Compared to the PO 

females, the male PO group had a larger and more consistent impairment with 

respect to nonverbal recogn it ion (at the eas ier leve l )  and prospective memory for 

a quest ion . Conversely, the female group had larger deficits in  verbal recogn it ion 

Table 1 5  Summary of Effect Sizes From the Me11ory Tasks as a Function of Time 
for the Comparisons Involving the Male and Female Parkinson 's Disease (PO) and 
their Respective Healthy Control Groups 

Male PD Female PD 
d 95% C l  d 95% CI  

NRMT - hard level 
Time 1 .79 . 1 9-1 .39 .34 -.36- 1 .04 
Time 2 . 1 8  - .40- .76 .38 - .32- 1 .07 

NRMT - easy level 
Time 1 .61 .02 - 1 .20 .29 - .41 - .98 
Time 2 .45 - . 1 4 - 1 .03 - . 1 2  - .82- .57 

VRMT 
Time 1 .33 - .25- .91  .8 1  .09 - 1 .53 
Time 2 .48 - . 1 1 - 1 .06 .71 .00- 1 .43 

KOLTQ 
Time 1 .55 - .04- 1 . 1 4  .82 . 1 0- 1 .55 
Time 2 .94 .33 - 1 .55 1 . 1 5  .41 - 1 .90 

PMQT 
Time 1 .24 - .34- .82 .03 -.66- .73 
Time 2 .84 .24- 1 .44 .78 .06- 1 .50 

PMOT 
Time 1 .69 . 1 0 - 1 .29 .00 - .69- . 69 
Time 2 - .46 - 1 .04- . 1 3  .24 - .43- .96 

Note. d = ES statistic (Cohen,  1 988) ; 95% C l  = 95% confidence interval for d; N RMT = Nonverbal 
Recogn ition Memory Task; VRMT = Verbal Recognition Memory Task; KOL TO = Kendrick Object 
Learning Task - age-scaled quotient; PMQT = Prospective Memory Question Task; PMOT = 
Prospective Memory Object Task. 
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memory and reca l l .  

Chapter 3 Recogn it ion ,  Recal l ,  and Prospective Memory Deficits 

Memory dec l ine ,  as ind icated by a substant ia l ly larger ES at the second session,  

can be seen in both subgroups,  but on ly for recal l and prospective memory for a 

quest ion (Tab le 1 5) .  N evertheless, cons iderable overlap of the confidence 

intervals  for these two tasks suggests that sampl ing variab i l ity may be responsible 

for the observed d ifferences i n  ES .  

Effects of Disease Stage 

To exam ine the potent ia l  m oderat ing effect of d isease stage, planned 

compar isons were made between the early-stage PO group and the HC group, 

and between the advanced-stage PO group and the HC group.  Separate analyses 

were made at each t ime.  

Stage Effects at Time 1 

At T ime 1 there were 25 part ic ipants in  the early PO group, and 1 6  in  the 

advanced PO group based on a cut-off of H& Y 1 1 .  Table 1 6  shows that the early 

PO and the late PO subg roups did not d iffer from the HC group with respect to 

gender ,  X2 
( 1 , N =  66) = . 1 0 , p =  . 76, d =  .08 (- .4 1 - .57) , and X2 

( 1 , N =  57) = . 1 9 , p 

= .66 ,  d = . 1 3  (- .40- .66) ,  respect ively. The subgroups were also matched to the 

controls in terms of age, educat ion , and premorbid IQ (Fs < 1 ) . Compared to the 

HC g roup ,  both the early PO group  and the advanced PO group had h igher 

dement ia rat i ngs, F( 1 ,  79) = 1 .78, p =  . 1 9 , d =  . 34 (- . 1 5-.84) , and F( 1 ,  79) = 8.2 1 , 

p = . 0 1 , d = .94 ( .38-1 .50) ,  respect ively, and the magnitude of the effect was 

greater in  the advanced g roup.  There was also considerable evidence that both 

the early PO and the advanced P O  group had h igher levels of depression than the 

H C  g roup ,  F( 1 ,  79) = 1 2 . 76 ,  p =  .00 1 , d =  .94 ( .42-1 .45) .  and F( 1 ,  79) = 1 6 .78, p <  
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Table 1 6  Characteristics of the Early-Stage Parkinson's Disease (Early PO) 
Group, the Advanced-Stage Parkinson 's Disease (Advanced PO) Group, and 
the Healthy Control (HC) Group at Time 1 

Early PDa Advanced PO HCC 

M so M so M so 

Age (years) 68.84 6.02 70.50 6.22 69.80 5.31 
Education (years) 3.92 2.98 4.06 2 .84 4.34 3.02 
P remorbid IQ  1 09 . 1 7  9 .38 1 09 .82 1 2 .20 1 1  0 . 1 5 8.94 
OMCT 3 .36 3.45 4.81 3 .04 2.39 2.38 
GDS 9 .32 5.84 1 0.81 5.58 4.83 4.05 
Disease duration 8.94 6. 1 6  9. 1 3  5 . 1 0  
Age at onset 59.90 8.27 61 .38 9 .38 
Levodopa 430.68 1 93. 1 4  408.33 261 .34 
mADL 8.71 4.05 1 2 .08 3.40 
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Note. Premorbid IQ = Premorbid ful l-scale IQ (WAIS-R) estimated from National Adu lt Read ing 
Test; OMCT = Orientation-Memory-Concentration Test ; GDS = Geriatric Depression Scale; 
Levodopa = mean daily levodopa dose in mi l l igrams; mADL = modified Activities of Dai ly Living 
Scale. 
an = 1 5  Males, 1 0  Females. b n = 1 0  Males, 6 Females. c n = 23 Males, 1 8  Females . 

. 00 1 , d = 1 .32 ( . 74-1 . 9 1  ) ,  respectively. As with the dementia rat ing ,  the ES was 

g reater in the advanced g roup compared to the early group. 

For each PO subgroup,  the mean d isease durat ion , the mean age at onset , the 

m ean dai ly levodopa dose, and the mean mAOL are shown in Table 1 6 . With 

respect to d isease stage, the majority of the early PO part ic ipants were rated as 

H&Y stage 1 1  ( 1 :  n = 6; 1 1 :  n = 1 9) ,  whereas the majority of advanced PO 

part icipants were rated as  stage I l l  ( I l l :  n = 1 5 ; IV :  n = 1 ) .  

Tab le 17  presents a summary of the resu lts from the  memory tasks. The with in ­

g roups comparisons revealed that the man ipu lat ion of  NRMT d iff icu lty factor was 

effect ive for both the early PO group and the HC group, F( 1 ,  24) = 22 . 73 ,  p < .001 , 

d = 2 .66 ( 1 . 92-3 .39) ,  and F( 1 ,  40) = 9.98, p = .003,  d = 1 . 00 ( . 6 1 -1 .39) ,  

respectively. However, th is  was not the case for the advanced PO group (F < 1 ) .  

The between-groups comparisons ind icated that, com pared t o  the HC group,  both 

the early PO g roup and the advanced PO g roup had impaired nonverbal 

recogn it ion at the more d iff i cu lt level of the task, F( 1 ,  79) = 4.97,  p = . 03 ,  d = . 65 

( . 1 5-1 . 1 6) ,  and F( 1 ,  79) = 5 . 37,  p =  .02, d =  .62 ( . 08-1 . 1 7) ,  respect ively. The 
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Table 1 7  Mean PC and SO for the Verbal and Nonverbal Recognition 
Memory Tasks for the Early-Stage Parkinson 's Disease (Early PO) Group, 
the A dvanced-Stage Parkinson 's Disease (Advanced PO) Group, and the 
Healthy Control (HC) Group at  Time 1 

Early PDa Advanced PO HCC 

M so M so M so 

N RMT - hard 61 .96 7 .39 60.79 1 4.31 67.61 9 .35 
N RMT - easy 71 .88 9 .00 61 .57 1 5. 1 3  72 .85 8.98 
VRMT 80.34 8 .02 78.22 8.79 84. 1 6 9 .04 
KOLTQ 96.28 1 5. 1 5  93. 1 8  9.76 1 04.00 1 2 .55 
PMQT 3.08 1 . 1 9  2.25 1 .39 3.00 1 .40 
PMOT 3.24 0 .93 3.06 1 . 1 2  3 .54 0.84 

Note. N RMT-hard = Nonverbal Recognit ion Memory Task - hard level of difficulty; N RMT­
easy = Nonverbal Recogn ition Memory Task - easy level of difficulty; VRMT = Verbal 
Recogn it ion Memory Task; KOL TQ = Kendrick Object Learning Task - age-scaled quotient; 
PMQT = P rospective M emory Q uestion Task; PMOT = Prospective Memory Object Task. 
an = 25 .  bn =  1 6. cn = 41 .  

pattern of resu lts was somewhat d ifferent at the eas ier level of the N RMT. The 

advanced PO g roup had impa i red nonverbal recogn it ion , F( 1 ,  79) = 1 3. 47, p < 

.00 1 , d = 1 . 03 ( . 46-1 .59) ,  but  the early PO group was not impaired ( F  < 1 ) .  

Both the  early PO g roup and  the advanced PO group had impaired verbal 

recogn it ion relative to the HC group,  F( 1 ,  79) = 3 .00, p = .09 ,  d = .44 ( - .06-.94) , 

and F( 1 ,  79) = 5 . 37 ,  p =  .02 ,  d =  .66 ( . 1 2-1 .2 1 ) , respect ively. 

Both the early PO g roup and the advanced PO group had impaired recal l  re lative 

to the H C  group ,  F( 1 ,  79) = 5 .52 ,  p = .02, d = .57 ( . 07-1 . 07) , and F( 1 ,  79) = 7. 1 3, 

p =  . 0 1 , d =  . 86 ( . 3 1 -1 .4 1 ) , respect ively. 

The advanced PO g roup showed signs of impaired prospective mem ory for a 

quest ion compared to the HC g roup ,  F( 1 ,  79) = 3 .63 ,  p = .06 ,  d = .54 ( . 00-1 .08) .  A 

s im i la r  deficit was not evident in the early PO group (F < 1 ) .  With respect to 

prospective memory for an object , both the early PO group and the advanced PO 

group  were impaired ,  F( 1 ,  79) = 1 .59,  p = .2 1 , d = .34 (- . 1 5-. 83) , and F( 1 ,  79) = 

3 .02 ,  p = .09,  d = . 5 1 ( - .03-1 . 05) , respect ively, with the advanced group again 

showing the g reater deficit . 
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Stage Effects at  Time 2 

As for T ime 1 ,  a cut-off of H& Y 1 1  was used to div ide the PO sample into two 

subgroups; comparisons were made between each subgroup and the HC g roup .  

At T ime 2 ,  84% (2 1 )  of the early PO group cou ld  st i l l  be classif ied as having  m i l d  

PO ,  whereas 75% ( 1 2 ) of the advanced PO g roup  remained classif ied as  having 

more advanced symptoms.  

As shown in  Table 1 8 , the early PO group d id  not d iffer from the HC g roup with 

respect to gender, x2 ( 1 , N = 66) = . 1 1 ,  p = . 76 ,  d = . 08 (- . 4 1 - .57) ,  but the 

advanced PO group  had proport iona l ly less female part ic ipants, X2 ( 1 , N = 57) = 

1 .74, p = . 1 9 , d = . 39 ( - . 1 4- . 93) . The subgroups were matched to the contro ls i n  

terms of educat ion and  premorb id  I Q  ( Fs < 1 ) . I n  terms of age, both t he  early PO  

group and the advanced PO group had a s im i lar mean age to that of the H C  

group, F( 1 ,  79) = 1 .20,  p = .28,  d = .28 (- . 2 1 -.77 ) ,  and F < 1 ,  respect ively. 

Compared to the HC group,  both the early PO and the advanced PO group had 

h igher dementia scores, F( 1 ,  79) = 5 .24, p = . 03 ,  d = . 58 ( .08-1 .08 ) ,  and F( 1 ,  

Table 1 8  Characteristics of the Early-Stage Parkinson 's Disease (Early PO) 
Group, the Advanced-Stage Parkinson 's Disease (Advanced PO) Group, and the 
Healthy Control Group (HC) at Time 2 

Earli: PDa Advanced PO HCC 

M so M so M so 

Age (years) 68.24 6 .08 71 .44 5.72 69.80 5.31 
Education (years) 3 .88 2 .9 1  4. 1 3  2 .96 4.34 3 .02 
Premorbid IQ 1 08.99 8.52 1 1  0 . 1  0 1 3 . 1 6  1 1 0.88 8 .94 
OMCT 4.08 3 . 67 3 .69 2 .82 2 .39 2 .38 
GDS 9.44 5 .59 1 1 . 56 5 .09 4. 1 7  4. 1 0  
Disease duration 8.26 5 .93 1 0. 1 9  5 .30 
Age at onset 59 .98 8 . 1 9  61 .25 9 .51 
Levodopa 391 .67 1 62 .59 51 0 .00 278.32 
mADL 8 .48 4. 1 9  1 2 .47 3.44 

Note. Premorbid IQ = Premorbid fu l l-scale IQ (WAIS-R) estimated from National Adult Reading 
Test ; OMCT = Orientation-Memory-Concentration Test; G DS = Geriatric Depression Scale ;  
Levodopa = mean dai ly levodopa dose in mi l l igrams; mADL = modified Act iv it ies of Dai ly Living 
Scale. 
an = 1 3  Males, 12 Females. b n = 1 2  Males, 4 Females. c n = 23 Males, 1 8  Females. 
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79) = 2.29,  p = . 1 3 , d = .52 ( - .02-1 .06) ,  respectively. Likewise , both the early P O  

g roup  and the advanced P O  group had substant ia l ly h igher levels of depression 

than the HC group ,  F( 1 ,  79) = 1 8. 82 ,  p <  .00 1 , d =  1 . 1 2  ( .59-1 .64) , and F( 1 ,  79) = 

27 .45 ,  p < . 00 1 , d = 1 .68 ( 1 . 07-2 .30) , respectively. Once aga in ,  as m ight be 

expected, the level of depression was a l itt le h igher for the advanced group in 

comparison to the early g roup .  

For  the two PO subg roups ,  the mean d isease du rat ion , age at  onset , dai ly 

levodopa dose, and mAOL are shown in Table 1 8 . With respect to disease stage, 

a m ajority of the early PO part ic ipants had an H& Y rat ing of 1 1  ( I :  n = 8; 1 1 :  n = 1 7) ,  

whereas a majority of t h e  advanced PO part icipants were stage I l l  ( I l l :  n = 1 4; IV :  

n = 2 ) .  

Table 1 9  presents a summary of the resu lts from the  memory tasks . The with in­

g roups comparisons confi rmed that the NRMT difficu lty factor was effective for the 

early PO ,  the advanced PO group, and the HC group,  F( 1 ,  24) = 1 1 .77 ,  p = .002 , d 

= 1 . 1 4  ( .66-1 .63) , F( 1 ,  1 5 ) = 2 .79 ,  p =  . 1 2 , d =  1 .25 ( .55-1 .96) , and F( 1 ,  40) = 

1 2 .57 ,  p = .00 1 , d = . 85 ( . 50-1 .20) , respectively. 

Table 1 9  Mean PC and SO for the Verbal and Nonverbal Recognition 
Memory Tasks for the Early-Stage Parkinson 's Disease (Early PO) Group, 
the Advanced-Stage Parkinson 's Disease {Advanced PO) Group, and the 
Healthy Control (HC) Group at  Time 2 

Early PDa Advanced PO HCC 

M so M so M so 

N RMT - hard 63.56 1 3.43 61 .20 1 3.01 65.98 1 1 .62 
NRMT - easy 72.44 1 0. 1 6 67.61 1 0.84 72 .61 1 1 .39 
VRMT 82.00 8 . 1 1 80.28 9 .07 85.89 8.54 
KOLTQ 92.96 1 6.74 91 .44 9 .42 1 05.00 9.65 
PMQT 2 .40 1 .44 1 .63 1 .54 3. 1 9  1 .09 
PMOT 3.60 0.82 3. 1 9  0 .98 3.30 0.95 

Note. NRMT-hard = Nonverbal Recognition Memory Task - hard level of d ifficulty; NRMT­
easy = Nonverbal Recogn it ion Memory Task - easy level of difficulty; VRMT = Verbal 
Recognition Memory Task; KOL TO = Kendrick Object Learn ing Task - age-scaled quotients; 
PMQT = Prospective M emory Question Task; PMOT = Prospective Memory Object Task. 
an =  25 .  b n = 1 6. c n = 41 . 
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The between-groups comparisons showed that the advanced PO  group had 

impai red nonverbal recogn ition at the more d iff icu l t  level of the N RMT, F( 1 ,  79) = 

1 .69, p = .20 ,  d = . 40 (- . 1 4-.93) , wh i le the early PO group d id  not ( F  < 1 ) .  

L ikewise, a t  t he  eas ier l evel the advanced PO group were impa i red, F( 1 ,  79) = 

2.41 , p = . 1 3 , d = . 44 ( - .09-.98) , but there was no evidence of a defic it in the early 

PO group ( F  < 1 ) .  

Compared to the HC gro up, both the early P O  g roup and the advanced P O  group 

· showed signs of impa i red verbal recogn it ion memory, F( 1 ,  79) = 3.24, p = . 08, d = 

. 46 (- . 03-.96) , and F( 1 ,  79) = 4.99, p = .03, d = . 65 ( . 1  0-1 . 1 9) ,  respectively. 

Both the early PO group  and the advanced PO group had impa i red recal l  re lative 

to the H C  g roup ,  F( 1 ,  79) = 1 5 . 1  0, p < .00 1 , d = .94 ( .43-1 .46) , and F( 1 ,  79) = 

1 4 .20,  p < . 00 1 , d = 1 .4 1  ( .82-2 .01  ) ,  respect ively. 

Relat ive to the HC group,  both the early PO and the advanced PO group had 

infer ior p rospective m em ory for a question , F( 1 ,  79) = 5.67, p = .02, d = .64 ( . 1 3-

1 . 1 4) ,  and F( 1 ,  79) = 1 6 . 68, p < . 00 1 , d = 1 .27 ( .69-1 .85) ,  respectively. 

Prospective memory for an object was not impai red in  the advanced PO group (F 

< 1 ) ,  or  in the early P O  g roup (the mean memory score in  the early group was 

h igher than in the H C  group) .  

I n  summary, the ESs computed for both the early and the advanced part icipants 

ind icated that both PO subgroups suffered from consistent recogn it ion and recal l  

memory impairment, whe reas on ly the advanced group had cons istent 

prospect ive memory impairment (Table 20) . Furthermore, the advanced PO group 

general ly had larger memory deficits than the early group. Tab le 20 also shows 

memory dec l ine,  as i nd icated by a substantial ly larger ES at the second sess ion ,  

in  both subgroups,  but on ly  for recal l  and prospect ive memory for a question . 
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Table 20 Summary of Effect Sizes From the Memory Tasks as a Function of Time 
for the Compa risons Involving the Early-Stage Parkinson 's Disease (Early PO) 
Group, the Advanced-Stage Parkinson 's Disease (Advanced PO) Group, and the 
Healthy Control Group 

Early: PDa Advanced PO 
d 95% CI d 95% CI 

NRMT - hard level 
Time 1 .65 . 1 5-1 . 1 6 .62 .08-1 . 1 7  
Time 2 .20 -.30- .69 .40 - . 14- .93 

NRMT - easy level 
Time 1 . 1 1 - .38- .60 1 .03 .46-1 .59 
Time 2 .02 - .47- .51  .44 - .09- .98 

VRMT 
Time 1 .44 - .06- . 94 .66 . 1 2 - 1 .2 1  
Time 2 .46 - .03- .96 .65 . 1 0- 1 . 1 9 

KOLTQ 
Time 1 .57 .07- 1 .07 .86 .31 - 1 .41 
Time 2 .94 .43 - 1 .46 1 .4 1  .82-2.01 

PMQT 
Time 1 - .06 - .55- .43 .54 .00- 1 .08 
Time 2 .64 . 1 3- 1 . 1 4  1 .27 .69 - 1 .85 

PMOT 
Time 1 .34 - . 1 5- .83 .51 - .03- 1 .05 
Time 2 -.33 .83- . 1 6  . 1 1 - .41 - .64 

Note. d = ES statistic (Cohen, 1 988) ; 95% C l  = 95% confidence interval for d; N RMT = Nonverbal 
Recognition Memory Task; VRMT = Verbal Recognition Memory Task; KOLTQ = Kendrick Object 
Learning Task - age-scaled quotient; PMQT = Prospective Memory Q uestion Task; PMOT = 
Prospective Memor� Object Task. 
an = 25 PO,  41 HC .  n = 1 6  PO,  41 HC.  

Effects of Depression 

To establ ish whether depression moderated performance on the memory tasks, 

planned compar isons were made between the depressed PO group and the 

nondepressed HC g roup ,  and between the nondepressed PO group and the 

nondepressed controls .  Separate analyses were made for each t ime.  

Mood Effec ts at  Time 1 

At T ime 1 there were 1 8  depressed PO part ic ipants, 23 nondepressed PO 

part ic ipants, and 38 non depressed controls based on a cut-off of 1 0  on the GOS. 
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Tab le 2 1  shows that the depressed and nondepressed PO subgroups d id not 

d iffer  from the nondepressed controls in terms of age ( Fs < 1 )  or  gender, l ( 1 , N 

= 56) = . 36 ,  p =  .55 ,  d =  . 1 7  ( - .36- .7 1 ) ,  and x2 ( 1 , N =  6 1 )  = . 39,  p =  . 53 ,  d =  . 1 7  (­

. 35- .68) . However, the depressed PO part ic ipants had, on average, less years of 

education than the contro ls ,  F( 1 ,  76) = 3 .37 ,  p =  .07, d =  .56 ( .0 1 -1 . 1 0) .  There 

was no evidence of a difference between the nondepressed PO group and the 

controls in  terms of educat ion (F < 1 ) . There was some evidence that the 

depressed PO group had lower mean premorbid IQ  relative to the contro ls ,  F( 1 ,  

76) = 2.00 ,  p = . 1 6 , d = . 40 ( - . 1 4-.94) . However, there was no d ifference in IQ  

between the  non depressed PO group and  the contro ls (F < 1 ) .  Both the 

depressed PO g roup and the nondepressed PO group had h igher dementia 

rat ings com pared to the controls ,  F( 1 ,  76) = 5 .48, p =  . 02 ,  d =  .7 1  ( . 1 6-1 .26) ,  and 

F( 1 , 76) = 2 . 1 8 , p =  . 1 4 , d =  .41 (- . 1 0-.93) ,  respect ively. As expected ,  the 

depressed PO group had cons iderab ly h igher levels of depression than the 

controls, F( 1 ,  76) = 1 5 1 . 1 9 , p < .00 1 , d = 3 .54 (2.68-4.39) . F inal ly, a lthough the 

nondepressed P O  part ic ipants did not meet the cr iteria for depress ion ,  they d id 

have h igher leve ls  of depression than the contro ls ,  F( 1 ,  76) = 3 .49 ,  p = .07, d = 

. 49 (- .03-1 . 00) .  

Tab le  2 1  Characteristics of  the Depressed Parkinson 's Disease (Depressed PO) 
Group, the Nondepressed Parkinson 's Disease (Nondepressed PO) Group, and 
the Nondepressed Healthy Controls (Nondepressed HC) at Time 1 

De12ressed PDa Nonde12ressed PD Nonde12ressed H Cc 

M so M so M so 

Age (years) 69 .67 6.46 69.35 5.90 70 .05 5.36 
Education (years) 2 .94 2.21 4.78 3.1 5 4.42 2.82 
Premorbid IQ 1 07.53 1 1 .94 1 1 0.91 9.07 1 1 1 .33 8 . 1 8 
OMCT 4.39 3.42 3 .57 3.30 2 .42 2 .42 
GDS 1 5 .28 2.99 5.70 3.21 4 . 1 3 3.22 
Disease duration 1 0.28 6.22 8.02 5.1 9 
Age at onset 59 .39 1 0.83 61 .33 6.57 
Levodopa 450.00 205. 1 9  400.00 233.42 
mADL 1 2.25 3.44 8.00 3.66 

Note. Premorb id I Q = Premorbid ful l-scale IQ (WAIS-R) estimated from National Adult Reading 
Test; OMCT = Orientation-Memory-Concentration Test; GDS = Geriatric Depression Scale; 
Levodopa = mean daily levodopa dose in mi l l igrams; mADL = modified Activities of Dai ly Living 
Scale .  
an =  1 1  Males, 7 Females. b n = 1 4  Males, 9 Females. c n = 20 Males, 18 Females. 
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For the P O  subg roups,  mean d isease du ration ,  age at onset, dai ly levodopa dose, 

and mAOL are shown in Table 2 1 . With respect to d isease stage, a l l  of the 

depressed PO g roup were either stage 1 1  or  I l l  ( 1 1 :  n = 1 0; I l l : n = 8) ,  whereas the 

nondepressed PO g roup ranged from stage I to IV ( 1 :  n = 6; 1 1 : n = 9;  I l l : n = 7; IV: 

n = 1 ) .  

The resu lts from the memory tasks are shown i n  Table 22. The with in-groups 

com parisons between the two d iff icu lty levels of the N RMT revealed that the 

man ipu lat ion of th i s  factor was effective tor the depressed PO group, the 

nondepressed PO group ,  and the contro ls ,  F( 1 ,  1 7) = 1 .5 1 , p =  .24, d =  .57 (- . 1 6-

1 .29) , F( 1 ,  22) = 1 3 . 1 9 , p = . 00 1 , d = 1 . 02 ( . 50-1 .55) , and F( 1 ,  37) = 7 .37 ,  p = . 0 1 , 

d = . 88 ( . 37-1 .39) , respect ive ly. 

Both the depressed and the nondepressed PO groups had impaired nonverbal 

recogn it ion at the more diff icu lt level of the task relative to the contro ls ,  F( 1 ,  76) = 

5 .54 ,  p =  . 02 ,  d =  . 68 ( . 1 3-1 .23) ,  and F( 1 ,  76) = 5 .40, p =  .02 ,  d =  .63 ( . 1 1 -1 . 1 6) ,  

respect ively. I n  contrast, at the eas ier level the depressed P O  group had impaired 

nonverba l recogn it ion ,  F( 1 ,  76) = 5 .22, p = . 03,  d = .66 ( . 1 1 -1 .2 1  ), but  the 

Table 22 Mean PC and SO for the Verbal and Nonverbal Recognition 
Memory Tasks for the Depressed Parkinson 's Disease (Depressed PO) 
Group, the Non depressed Parkinson's Disease (Non depressed PO) Group, 
and the Nondepressed Healthy Controls (Nondepressed HC) at Time 1 

Depressed PDa Nondepressed PD6 Nondepressed HCc 

M so M so M so 

NRMT - hard 61 . 1 7  1 1 .06 61 .76 1 0 .25 67.92 9.38 
N RMT - easy 65.39 1 4. 1 0  69.78 1 1 .37 72 .63 9 . 1 7  
VRMT 76.47 5.87 81 .89 9 .21 83.84 9 .03 
KOLTO 92.50 1 5.27 97.52 1 1 .23 1 04.68 1 1 .85 
PMQT 2 .44 1 .46 3.00 1 . 1 7  3.00 1 .43 
PMOT 3.00 1 .08 3.30 0.93 3.58 0.83 

Note. N RMT-hard = Nonverbal Recogn it ion Memory Task - hard level of difficulty; NRMT­
easy = Nonverbal Recognition Memory Task - easy level of difficulty; VRMT = Verbal 
Recognition Memory Task; KOL TO = Kendrick Object Learn ing Task - age-scaled quotients; 
PMQT = P rospective M emory Question Task; PMOT = Prospective Memory Object Task. 
an =  1 8 . bn = 23. cn = 38 .  
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nondepressed PO g roup did not ( F  < 1 ) .  

The depressed P O  g roup had impai red verbal recogn it ion memory relat ive to  the 

contro ls ,  F( 1 ,  76) = 9.22, p = .003, d = .90 ( .34-1 .46) .  There was no evidence, 

however, of a defic it i n  the nondepressed PO group (F < 1 ) .  

Both the depressed PO group and the nondepressed P O  group had impa i red 

recal l  when com pared to the contro ls ,  F( 1 ,  76) = 1 1 .55 ,  p = .00 1 , d = . 94 ( . 37-

1 .50) ,  and F( 1 ,  76) = 4.68, p = .03, d = .62 ( .09-1 . 1 4) ,  respect ively. 

The depressed PO g roup showed s igns of im pai red prospect ive memory for a 

quest ion ,  F( 1 ,  76) = 2 . 0 1 , p = . 1 6 , d = .39 (- . 1 5-.93) , but a s im i lar def icit was not 

evident i n  the non depressed PO group (F < 1 ). P rospective memory for an object 

was impai red both in the depressed PO group and in the nondepressed P O  group,  

F( 1 ,  76) = 4 .85 ,  p =  . 03 ,  d =  .63 ( .09-1 . 1 8) ,  and F( 1 ,  76) = 1 .28, p =  .26,  d =  .32 (­

. 1 9-.84) , respect ively. 

Mood Effects at Time 2 

As at T ime 1 ,  a cut-off score of 1 0  on the GOS was used to d ivide the total sam ple 

into th ree groups; comparisons were made between the PO subgroups and the 

nondepressed contro ls .  Out of the total group of PO part ic ipants, 39% ( 1 6) st i l l  

showed signs of depress ion at T ime 2. A further 1 7% (7) , who were not depressed 

at T ime 1 ,  met the cr iteria for depression at T ime 2. On ly 5% (2) of PO 

part ic ipants, who were depressed a t  Time 1 ,  were not class ified as  depressed at 

T ime 2 .  I n  the H C  g roup ,  2% ( 1 ) were st i l l  depressed, but a fu rther 7% (3) , who 

were not depressed at Time 1 ,  met the criter ia at Time 2. 

As can be seen in Table 23, the depressed and nondepressed PO subgroups had 

approximately the same rat io of males-to-females as the controls, l ( 1 , N = 60) = 

.98 ,  p = . 32,  d = .27 ( - .25- .  78) , and x2 ( 1 , N = 55) = .22, p = .64, d = . 1 4  ( - .40-
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Tab le  23 Cha racteristics of the Depressed Parkinson's Disease (Depressed PO) 
Group, the Nondepressed Parkinson 's Disease (Nondepressed PO) Group, and 
the Nondepressed Healthy Controls (Nondepressed HC) at Time 2 

De�ressed PDa Nonde�ressed PD6 Nonde�ressed HCc 

M so M so M so 

Age (years) 70 .43 6.66 68.28 5 . 1 7 69.46 4 .89 
Education (years) 3 .61  2 .74 4.44 3.05 4.32 3 .00 
Premorbid IQ  1 1 0.47 1 1 .59 1 08.09 8.87 1 1 0.09 8.98 
OMCT 4.70 3.34 2.94 3. 1 5  2 .54 2 .43 
GDS 1 4. 1 7 2 .81  5.28 3.51 3. 1 4  2 .64 
Disease duration 1 0.46 6.52 7.1 7 3.89 
Age at onset 59.98 1 0 .48 61 . 1 1 5.70 
Levodopa 483.70 2 1 7.27 370.31 2 1 0.05 
mADL 1 2 .09 3.64 7. 1 2  3.57 

Note. Premorbid I Q = Premorbid fu l l-scale IQ (WAI S-R) estimated from National Adult Reading 
Test; OMCT = Orientation-Memory-Concentration Test ; GDS = Geriatric Depression Scale; 
Levodopa = mean daily levodopa dose in  mi l l igrams; mADL = modified Activities of Daily Living 
Scale. 
an =  1 6  Males, 7 Females. bn = 9 Males, 9 Females. en =  21  Males, 1 6  Females . 

. 67) , respect ive ly. Neither of the PO subgroups differed from the nondepressed 

controls in terms of age, educat ion ,  or premorbid IQ (Fs < 1 ) .  The depressed PO 

g roup  had a h igher mean O M CT dementia rat ing compared to the controls ,  F( 1 ,  

75) = 7.88,  p = . 006, d = . 77 ( .23-1 .30) .  But ,  the nondepressed P O  group d id not 

d iffe r  from the contro ls  ( F  < 1 ) .  As expected, the depressed P O  g roup had a 

h igher  level of depress ion than the contro ls ,  F( 1 ,  75) = 204.69,  p < .001 , d = 4.08 

(3 . 1 8-4.99) . F ina l ly, as at T ime 1 ,  the nondepressed PO g roup a lso had a h igher 

level of depress ion than the contro ls ,  F( 1 ,  75) = 6 .58 ,  p =  . 0 1 , d =  . 73 ( . 1 7-1 .28) .  

For both the PO subgroups ,  mean d isease duration ,  age at d i sease onset, da i ly 

levodopa dose, and mAOL are shown in Table 23 .  I n  terms of d isease stage,  the 

depressed PO g roup ranged from stage I to IV ( 1 :  n = 1 ;  1 1 : n = 1 0; I l l : n = 1 0 ; IV:  n 

= 2) , whereas the nondepressed P O  group ranged from stage I to I l l  ( 1 :  n = 7; 1 1 :  n 

= 7;  I l l : n =  4) . 

Table 24 summarises the resu l ts from the memory tasks. The with in-groups 

compar isons between the two diff icu lty levels of the N RMT ind icated that th is  

factor was effect ive for the depressed PO group, the nondepressed PO group ,  and 

the controls, F( 1 ,  22) = 7. 1 3 , p = . 0 1 , d = 1 . 1 7  ( .42-1 .91  ) , F( 1 ,  1 7) = 6. 1 6, p = . 02 ,  
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Table 24 Mean PC and SO for the Verbal and Nonverbal Recognition 
Memory Tasks for the Depressed Parkinson 's Disease (Depressed PO) 
Group, the Nondepressed Parkinson's Disease (Non depressed PO) Group, 
and the Nondepressed Healthy Controls (Nondepressed HC) a t  Time 2 

Depressed PDa Nondepressed PD5 Nondepressed HCc 

M so M so M so 

NRMT - hard 62.62 1 2 .79 62.67 1 3.97 66.49 1 1 .78 
N RMT - easy 70.82 1 2 .31 70.22 8 . 1 6 72.59 1 1 .83 
VRMT 81 .02 7.90 81 .72 9 .27 85.96 8 . 1 5 
KOLTQ 91 .39 1 4.06 93.61 1 4 .72 1 05.76 9 .33 
PMQT 1 .91  1 .50 2.34 1 .53 3.37 0.94 

• PMOT 3.22 1 .00 3.72 0 .67 3 .39 0.92 

Note. NRMT-hard = Nonverbal Recognition Memory Task - hard level of difficulty; NRMT­
easy = Nonverbal Recogn it ion Memory Task - easy level of d ifficulty; VRMT = Verbal 
Recognition Memory Task; KOL TO = Kendrick Object Learning Task - age-scaled quotient; 
PMQT = P rospective Memory Question Task; PMOT = Prospect ive Memory Object Task. 
an = 23. bn =  1 8 . cn = 37. 

d =  1 .02 ( .32- 1 .72) , and F( 1 ,  36) = 1 0.09, p =  .003, d =  .73 ( .35-1 . 1 0) ,  

respect ively. 
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Both the depressed PO g roup and the nondepressed PO group had a smal l  

impairment in  nonverbal recogn it ion at the more d ifficu lt level of the task, F( 1 ,  75) 

= 1 .33, p = .25,  d = . 32 ( - .20-.84) , and F( 1 ,  75) = 1 . 1 1 ,  p = . 30, d = . 30 (- .24-.85 ) ,  

respect ive ly. However, a t  the eas ier level there was no evidence of a difference 

between e ithe r  of the PO subgroups and the controls (Fs < 1 ) . 

Compared to the contro ls ,  both the depressed PO g roup and the nondepressed 

PO group had verbal recogn it ion defic its , F( 1 ,  75) = 4.96, p = .03, d = . 6 1  ( . 09-

1 . 1 4) ,  and F( 1 ,  75) = 3. 1 2 , p = .08, d = . 50 (- .05-1 . 04) , respectively. 

S im i larly, the depressed and the nondepressed PO groups had impaired reca l l ,  

F( 1 ,  75) = 1 9. 66, p <  . 00 1 , d= 1 .27 ( .70-1 .83) , and F( 1 ,  75)  = 1 2 . 00, p =  . 00 1 , d =  

1 .07 ( .50-1 .65 ) ,  respect ively. 

Both the depressed PO g roup and the nondepressed PO group had infer ior 

prospective m emory for a question when compared to the controls, F( 1 ,  75) = 
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1 8 . 44 ,  p < . 00 1 , d = 1 .23 ( . 67-1 .79) ,  and F( 1 ,  75) = 7.87, p = .006, d = . 89 ( . 32-

1 .45) , respect ive ly. P rospect ive memory for an object was not impaired in the 

depressed PO group  ( F  < 1 )  or the nondepressed PO group .  In fact, the latter 

g roup  had better scores, on average, compared to the contro ls , F( 1 ,  75) = 1 .70, p 

= .20 ,  d = - .39 ( - .93-. 1 5) .  

I n  summary, the ESs computed for both the depressed and the nondepressed 

part ic ipants ind icate that both PO subgroups suffered from deficits in recogn it ion ,  

reca l l ,  and prospective memory for a question (Table 25) . Moreover, the 

depressed PO g roup genera l ly had larger memory deficits than the nondepressed 

P O  g roup .  With respect to memory decl ine ,  both PO subgroups showed decl ine in 

reca l l  and prospective memory for a quest ion , but not recogn it ion or prospective 

memory for an object. 

Table 25 Summary of Effect Sizes From the Memory Tasks as a Function of Time 
for the Comparisons In volving the Depressed and Nondepressed Parkinson 's 
Disease (PO) Groups and the Nondepressed Healthy Controls 

De12ressed PDa Nonde12ressed PO 
d 95% C l  d 95% CI 

N R MT - hard level 
Time 1 .68 . 1 3-1 .23 .63 . 1 1 -1 . 1 6 
Time 2 .32 - .20- .84 .30 - .24- .85 

N R MT - easy level 
T ime 1 .66 . 1 1 - 1 .2 1  .28 - .23- .80 
Time 2 . 1 5 - .37- .63 .22 - .32- .76 

VRMT 
Time 1 .90 .34- 1 .46 .21 - .30- .73 
Time 2 .61  .09- 1 . 1 4  .50 - .05 - 1 .04 

KOLTQ 
Time 1 .94 .37- 1 .50 .62 .09- 1 . 1 4  
Time 2 1 .27 .70- 1 .83 1 .07 .50- 1 .65 

PMOT 
Time 1 .39 - . 1 5- .93 .00 - .51 - .51  
T ime 2 1 .23 .67-1 .79 .89 .32 - 1 .45 

PMOT 
Time 1 . 63 .09- 1 . 1 8  .32 - . 1 9- .84 
Time 2 . 1 8 - .34- .69 - .39 - .93- . 1 5  

Note. d = ES statistic (Cohen, 1 988) ; 95% Cl = 95% confidence interval for d; NRMT = Nonverbal 
Recognit ion Memory Task; VRMT = Verbal Recognition Memory Task; KOLTQ = Kendrick Object 
Learning Task - age-scaled quotient; PMQT = Prospective Memory Question Task; PMOT = 
Prospective Memory Object Task. 
an =  1 8  PO ,  38 HC (Time 1 ) ; 23 PO ,  37 HC (Time 2) .  bn = 23 PO, 38 HC (Time 1 ) ; 1 8  PO,  37 HC 
(Time 2) .  
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Effects of Age at Onset 

To exam ine the potent ial moderat ing effect of age at symptom onset, planned 

comparisons were made between the early-onset PO group and the early-onset 

HC group ,  and between the late-onset PO group and the late-onset HC group.  

The early- and late-onset PO groups did not differ from the i r  respect ive cont rols 

wi th regard to gender (39% female in each group) ,  age, educat ion,  or premorbid 

IQ  ( Fs < 1 )  (see Table 26) . Both the early- and late-onset PO groups had h igher 

m ean dementia rat ings than thei r  respect ive contro ls ,  F( 1 ,  34) = 2 .9 1 , p = . 1  0 ,  d = 

.57 ( - . 1 2-1 .26) , and F( 1 ,  44) = 3.67, p =  .06 ,  d =  . 57 (- . 04-1 . 1 7) ,  respect ively. 

Fi nal ly ,  the level of depression was greater in  the early-onset PO group compared 

to the i r  respect ive contro ls ,  both at Time 1 ,  F( 1 ,  34) = 9 .41 , p = .004, d = 1 .02 

( .3 1 -1 .74) , and at T ime 2, F( 1 ,  34) = 1 6 .02,  p < . 00 1 , d = 1 . 33 ( . 59-2.08) . 

Table 26 Summary of Demographic and Neuropsychological Characteristics as a 
Function of Time and Age at  Onset for the Parkinson 's Disease (PO) and Healthy 
Control (HC) Groups 

PO HC 
M so Rang_e M so Rang_e 

Early-onseta 

Age (years) 65.50 5.70 58 - 79 66.28 3.85 60 - 74 
Education (years) 4.56 2.99 0 - 1 0  4.61 3 .74 0 - 1 0  
Premorb id IQ  1 09.03 1 1 . 1 4  9 1  -1 26 1 1 1 .28 9 .43 89 -1 24 
OMCT 3.78 3.28 0 - 1 0  2 .22 2.05 0 - 6 
GDS 

T ime 1 1 0.44 6.55 0 - 22 4.61 4.70 0 - 1 7  
Time 2 1 0.44 6.34 1 - 20 3.50 3.75 0 - 1 5  

Late-onsetb 

Age (years) 72 .61 4.34 64 - 79 72 .22 4.80 65 - 82 
Education (years) 3.52 2.79 0 - 1 0  3 .43 2.63 0 - 9 
Premorb id I Q  1 09.74 1 0.08 92 - 128 1 09 .20 9.22 89 -1 24 
OMCT 4.04 3.44 0 - 1 0  2 .43 2.09 0 - 8 
GDS 

T ime 1 9 .48 5.07 0 - 21 5.26 4.05 0 - 1 3  
Time 2 1 0. 1 3  4.76 1 - 1 8  4.52 4.39 0 - 1 6  

Note. Premorbid I Q = Premorbid ful l-sca le I Q  (WAIS-R) estimated from National Adult Reading 
Test; OMCT = Orientat ion-Memory-Concentration Test; GDS = Geriatric Depression Scale. 
an = 1 1  males and 7 females in each group. bn = 14 males and 9 females in each group .  
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S im i larly, the level of depression was greater in the late-onset PO group 

compared to the i r  controls, both at  T ime 1 ,  F( 1 ,  44) = 9 .72, p = . 003, d = .92 ( .30-

1 . 54) ,  and at T ime 2 ,  F( 1 ,  44) = 1 7 .26, p < .00 1 , d = 1 .23 ( .58-1 . 87) .  

Mean d isease du rat ion ,  age at symptom onset , dai ly levodopa dose, and mAOL 

for the two PO s ubgroups are shown i n  Table 27. I n  terms of d isease stage, the 

ear ly-onset PO group ranged from stage I to IV ,  both at Time 1 ( 1 :  n = 3; 1 1 :  n = 8 ;  

I l l :  n = 6 ;  IV :  n = 1 )  and at T ime 2 ( 1 :  n = 3 ;  1 1 :  n = 9 ;  I l l : n = 5;  IV: n = 1 ) . The late­

onset PO group ranged from stage I to I l l ,  both at Time 1 ( 1 :  n = 3; 1 1 :  n = 1 1 ;  I l l :  n 

= 9) and at T ime 2 ( 1 :  n = 5 ;  1 1 :  n = 8; I l l :  n = 9 ;  IV: n = 1 ) . 

The with in-groups comparisons showed the manipu lat ion of the N R MT diff iculty 

factor to be effect ive at T ime 1 for the early-onset PO and HC groups, and the 

late-onset PO and HC groups ,  F( 1 ,  1 7) = 1 9.77, p <  .00 1 , d =  1 .35 ( .78-1 .93) , F( 1 ,  

1 7) = 5 .55 ,  p = .03 ,  d = 1 . 0 1  ( . 44-1 .59) , F( 1 ,  22) = 1 . 1 3 , p = .30, d = .36 ( - . 08-

. 8 1  ) ,  and F( 1 ,  22) = 1 .43, p = .24, d = . 8 1  ( .25-1 .37) , respect ively. S im i lar ly, at 

T ime 2 the d iff icu lty factor was effect ive for the early-onset PO and HC groups,  

and the late-onset PO and HC groups ,  F( 1 ,  1 7) = 5 .98,  p = .03 ,  d = 1 .09 ( .50-

1 . 68) , F( 1 ,  1 7) = 7 . 1 3 ,  p =  . 02 ,  d =  1 .33 ( .69-1 .97) , F( 1 ,  22) = 7.4 1 , p =  . 0 1 , d =  

1 . 1 5  ( . 62-1 . 69) , and F( 1 ,  22) = 9 .67,  p = . 0 1 , d = . 98 ( .50-1 .45) ,  respective ly. 

Table 27 Summary of Disease Characteristics for the Early- and Late-Onset 
Parkinson 's Disease Groups 

Early-onset Late-onset 
n M so Range n M so Range 

Age at 1 8  52.97 6.44 38 - 59 23 66.35 4.62 61 - 77 
onset 
D isease 1 8  1 2.53 5.97 4 - 25 23 6.26 3.68 1 - 1 4  
duration 
Levodopa 

Time 1 1 6  439 .84 234.75 1 00-1 000 21  407.74 21 3.07 1 25-1 1 00 
Time 2 1 8  429 . 1 7 233.89 1 00- 825 21 444.05 2 1 0.90 1 88-1 000 

mADL 
Time 1 1 7  1 0.00 3.64 3 -1 6  1 7  1 0 .00 4.65 0 -1 8  
Time 2 1 8  1 0.78 4.51 2 -20 22 9.32 4.20 0 -1 7  

Note. Levodopa = mean daily levodopa dose i n  mi l l igrams; mADL = modified Activities of Daily 
Living Scale. 
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Table 28 ind icates that the early-onset PO g roup had infer ior nonverbal 

recogn it ion at the mo re d ifficu lt level of the task compared to the i r  respective 

contro ls ,  both at T ime 1 ,  F( 1 ,  34) = 6 .09, p = .02, d = .82 ( . 1 2-1 .52) ,  and at T ime 

2 ,  F( 1 ,  34) = 1 .59,  p = .22 ,  d = .42 ( - .26-1 . 1  0) . For the late-onset PO group the 

evidence was incons istent, with a smal l  deficit at  T ime 1 ,  F( 1 ,  44) = 1 . 94, p = . 1 7 , 

d = .4 1  (- . 1 9-1 .0 1 ) ,  but not at T ime 2 ,  (F < 1 ) . 

With respect to the easier level of the N R MT, the early-onset PO group had a 

smal l  deficit i n  nonverbal recogn it ion ,  both at T ime 1 ,  F( 1 ,  34) = 1 . 45, p = .24, d = 

.40 (- .28-1 .08) ,  and at T ime 2, F( 1 ,  34) = 1 .63, p = .21 , d = . 43 (- .25-1 . 1 1 ) . Again ,  

the evidence was inconsistent for  the late-onset P O  group, with a smal l  deficit at 

Time 1 ,  F( 1 ,  44) = 1 . 40, p = .24, d = . 35 (- .25-.94) ,  but not at T ime 2 ,  (F  < 1 ) .  

The early-onset P O  group had poorer verbal recogn ition com pared t o  their 

respect ive controls ,  both at Time 1 and at T ime 2 ,  F( 1 ,  34) = 3.03, p = .09, d = .58 

( - . 1 1 -1 .27 ) ,  and F( 1 ,  34) = 3.73, p =  .06, d =  .64 (- .05-1 .33) , respectively (see 

Table 28 Summary of Results From the Nonverbal Recognition Memory Task as a 
Function of Difficulty Level, Time, and Age at Onset for the Parkinson 's Disease 
(PO) and Healthy Control (HC) Groups 

PD HC 
M so Rang_e M so Rang_e 

Early-onseta 

Hard level 
Time 1 58.89 1 0.28 40 - 70 67.44 1 0 .52 53 - 90 
Time 2 62.50 1 6.05 35 - 85 68.28 1 0.97 53 - 85 

Easy level 
Time 1 69 .61  1 1 . 1 3  50 - 85 73.94 1 0 .42 55 - 95 
Time 2 71 .56 1 0.79 55 - 90 75.89 9 .52 65 -1 00 

Late-onsetb 

Hard level 
Time 1 63.55 1 0.40 50 - 85 67.61 9.34 50 - 90 
Time 2 62.75 1 0.75 40 - 82 63.26 1 1 .84 40 - 85 

Easy level 
Time 1 66.48 1 3.84 31 - 89 70.39 7.76 55 - 82 
Time 2 69.77 1 0.56 47 - 90 70.65 1 0. 1 3 45 - 95 

Note. Values are scores on the N RMT expressed as percent correct. 
an = 1 1  males and 8 females in each group. bn = 1 4  males and 9 females in each group. 
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Tab le 29) . Sim i lar ly the late-onset PO group had impai red verbal recogn it ion ,  both 

at T ime 1 ,  F( 1 ,  44) = 4 .85 ,  p = .03,  d = . 65 ( .04-1 .26) ,  and at T ime 2, F( 1 ,  44) = 

3 .38 ,  p = .07,  d = .54  ( - .06-1 . 1 4) .  

The early-onset PO group had impai red reca l l ,  both at Time 1 and at T ime 2 ,  F( 1 ,  

34) = 3 .2 1 , P =  .08 ,  d =  .60 (- .09-1 .28) , and F( 1 ,  34) = 7.40 ,  p =  . 0 1 , d =  . 9 1 ( .20-

1 . 6 1  ) ,  respect ive ly (see Table 30) . Sim i larly, the late-onset PO group were 

impa i red, both at T ime 1 and at T ime 2, F( 1 ,  44) = 4 .85 ,  p = .03,  d = .65 ( . 04-

1 .26) ,  and F( 1 ,  44) = 20 .54 ,  p < . 00 1 , d = 1 . 34 ( . 68-1 .99) , respectively. 

Table 30 shows that the early-onset PO group did not have impai red prospect ive 

memory for a quest ion at T ime 1 ( F  < 1 ) ,  but at T ime 2, there was strong evidence 

to suggest a deficit ,  F( 1 ,  34) = 1 0 . 1 2, p = .003 , d = 1 .06 ( .34-1 .78) . I n  addit ion ,  

the late-onset PO g roup  had impai red prospective memory for a quest ion,  both at 

T ime 1 ,  F( 1 ,  44) = 1 .  73,  p = .20,  d = .39 ( - .2 1 -.99) ,  and at T ime 2, F( 1 ,  44) = 9 .84, 

p =  . 003, d =  . 92 ( .30-1 .54) . 

Turn ing to the prospect ive memory for an object task, there was no evidence that 

the early-onset P O  g roup  performed diffe rently from their contro l  g roup, e ither at 

T ime 1 ( F  < 1 )  or  at T ime 2 (early-onset PO mean score was greater than that of 

Table 29 Summary of Results From the Verbal Recognition Memory Task as a 
Function of Age at  Onset and Time for the Parkinson 's Disease (PO) and Healthy 
Control (HC) Groups 

PD HC 
M so Rang_e M so Rang_e 

Early-onseta 

Time 1 80.31 7.96 63 - 98 85.31 9 .24 70 -1 00 
Time 2 82.28 8.25 67 -1 00 87 .81 8 .91  74 - 1 00 

Late-onsetb 

Time 1 78.89 8.66 59 - 89 84.35 8. 1 3  70 -1 00 
Time 2 80.59 8.67 65 -1 00 85. 1 3  8.08 70 - 98 

Note. Values are scores on the VRMT expressed as the percent correct . 
an =  1 1  males and 7 females in each group. bn = 1 4  males and 9 females in each group. 
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Table 30 Summary of Results From the Prospective Memory and Kendrick Object 
Learning Tasks as a Function of Age at Onset and Time for the Parkinson 's 
Disease (PO) and Healthy Control (HC) Groups 

PO HC 
M so Rang_e M so Rang_e 

Early-onseta 

KOLTQ 
Time 1 93.56 1 4.87 61 -1 23 1 02 . 1 1 1 3.74 77 - 127 
Time 2 93 .06 1 7 .21 62 -1 34 1 05.56 9 . 1 7 89 -1 23 

PMOT 
Time 1 3.33 0 .97 1 - 4 3 .22 1 .22 0 - 4  
Time 2 2.45 1 .46 0 - 4  3 .63 0.59 2 - 4  

PMOT 
Time 1 3 .22 0 .94 2 - 4  3 .28 0.96 2 - 4  
Time 2 3 .67 0 .77 2 - 4  3 .22 1 .00 2 - 4 

Late-onsetb 

KOLTQ 
Time 1 96.70 1 1 .94 77 -1 23 1 04.74 1 2 .81  87 -1 33 
Time 2 9 1 .83 1 1 .73 73 -1 31 1 06.57 1 0 .28 87 - 1 26 

PMQT 
Time 1 2.30 1 .40 0 - 4  2.87 1 .52 0 - 4  
Time 2 1 .83 1 .53 0 - 4  3 .06 1 . 1 1  1 - 4 

PMOT 
Time 1 3 . 1 3 1 .06 1 - 4 3 .52 0.85 1 - 4 
Time 2 3.26 0 .96 2 - 4  3.39 0.94 2 - 4 

Note. KOL TO = Kendrick Object Learning Task - age-scaled quotient; PMQT = Prospective 
Memory Question Task; PMOT = Prospective Memory Object Task. 
an =  1 1  males and 7 females in each group. b n = 1 4  males and 9 females in each group. 

their contro l ' s  mean score) . Conversely, the late-onset PO group had a deficit in 

prospect ive memory for an object at Time 1 ,  F( 1 ,  44) = 1 .92 , p = . 1 7 , d = .41 (­

. 1 9-1 .00) ,  but not at T ime 2 (F < 1 ) . 

I n  summary, the magni tude of the ESs computed for both the early-onset and the 

late-onset part ic ipants ind icated that both PO subgroups suffered from a variety of 

memory d istu rbances (see Table 3 1  ) . The early-onset PO group had cons istently 

g reater def icits in nonverbal recogn it ion than the late-onset group ,  but the 

opposite occu rred for recal l  and prospect ive memory for an object. In add it ion,  

deficits in verbal recogn it ion and prospect ive memory for a quest ion were smal ler 

in the early-onset group at Time 1 ,  but larger at T ime 2 .  
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Tab le 3 1  Summary of Effect Sizes From the Memory Tasks as a Function of Time 
for the Comparisons In volving the Early- and Late-Onset Parkinson 's Disease 
(PO) Groups and Their Respective Healthy Control Groups 

Early-Onset PDa Late-Onset PD 
d 95% C I  d 95% Cl 

NRMT - hard level 
Time 1 .82 . 1 2-1 .52 .41 - . 1 9-1 .01 
Time 2 .42 - .26- 1 . 1 0  .05 - .55- .64 

N RMT - easy level 
Time 1 .40 - .28- 1 .08 .35 - .25- .94 
Time 2 .43 - .25- 1 . 1 1 .09 - .51 - .68 

VRMT 
Time 1 ·  .58 - . 1 1 - 1 .27 .65 .04- 1 .26 
Time 2 .64 - .05- 1 .33 .54 - .06- 1 . 1 4  

KOLTQ 
Time 1 .60 - .09 - 1 .28 .65 .04- 1 .26 
Time 2 .9 1  .20 - 1 .61 1 .34 .68- 1 .99 

PMQT 
Time 1 - . 1 0 - .77- . 56 .39 - .21 - .99 
Time 2 1 .06 .34- 1 .78 .92 .30- 1 .54 

PMOT 
Time 1 .06 - .61 - . 74 .41 - . 1 9 - 1 .00 
Time 2 - .50 - 1 . 1 9- . 1 8  . 1 4  - .46- .73 

Note. d = ES statistic (Cohen, 1 988) ; 95% C l = 95% confidence interval for d; N RMT = Nonverbal 
Recognition Memory Task; VRMT = Verbal Recognition Memory Task; KOL TO = Kendrick Object 
Learning Task - age-scaled quotient; PMQT = Prospective Memory Question Task; PMOT = 
Prospective Memory Object Task. 
an = 1 8  in each g roup. b n = 23 in each group. 

Memory dec l ine ,  as ind icated by a substant ia l ly larger ES at the second sess ion, 

was evident in both subgroups ,  but on ly for reca l l  and prospective memory for a 

quest ion (Table 3 1 ) .  

Correlation Analysis 

Corre lat ion coeff ic ients were calcu lated between the memory scores and H& Y 

stage ,  G D S  scores, and age at onset . These correlat ions provided an ind icat ion of 

the strength of the re lat ionsh ip between these potential moderators and memory. 

A pre l im inary ana lysi s  ind icated that correlat ions were s im i lar across d ifficu l ty 

level (for N R MT) and across T ime.  Therefore, the correlat ions reported here are 

com puted from task scores averaged across these factors. I n  add it ion ,  
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correlations were com puted between Time 1 and T ime 2 for a l l  memory measu res 

to p rovide an ind ication of test- retest re l iabi l ity. 

D isease stage as m easu red by the H& Y was negatively assoc iated with 

performance on a l l  memory tasks (Table 32) .  The size of the corre lat ion 

coeffic ient was weak for recal l  memory, but could be described as sma l l-to­

med ium for the other measu res (Cohen, 1 988) . Depression was negative ly 

associated with a l l  of the m emory tasks, and the size of effect was smal l-to-

. m ed i u m .  F inal ly ,  age at onset was also negat ively correlated with the memory 

tasks, with the exception of reca l l .  Again , the magnitude of these effects can be 

described as sma l l -to-med ium .  

Table 33  presents the  test- retest re l iabi l ity coefficients and the i r  associated 95% 

confidence intervals for each memory task. In terms of performance on the recal l 

and recogn it ion tasks , the corre lat ions between Time 1 and T ime 2 were med ium­

to- large (Cohen,  1 988) , with the except ion o f  the VRMT for the  female PO group ( r  

= .26) ,  and the  KOL TO for the  male HC g roup (r = .25) . I n  contrast, fo r every 

group the prospective memory task coeff icients ind icated that both tasks had 

re lat ive ly poor external re l iab i l ity. 

Table 32 Zero-Order Correlations Between Memory Scores and Hoehn and Yahr 
(H& Y) Stage, Age at Onset, and Geriatric Depression Scale (GOS) Score 
{A veraged Across Time) 

H&Y GDS Age at Onset 
r 95% Cla r 95% C la r 95% C la 

NRMTb - .32 * - .62-- .02 - . 1 6  - .49- . 1 8  - . 1 1 - .51 - .29 
VRMT - .22 - .50- .06 - .29 - .55--.03 - .09 - .38- . 1 9  
KOLTQ - .05 - .33 - .24 - .26 - .59- .06 . 1 6  - . 1 0- .42 
PMQT - .34 * - .60-- .08 - .20 - .47- .07 -.32 * - .57--.06 
PMOT - .35 * - .61 -- .09 - .36 * - .57--. 1 6 - . 1 7 - .47- . 1 4  

Note. NRMT = Nonverbal Recogn ition Memory Task; VRMT = Verbal Recognit ion Memory Task; 
KOL TO = Kendrick Object Learn ing Task - age-scaled quotient; PMQT = Prospective Memory 
Question Task; PMOT = Prospective Memory Object Task. 
a 95% confidence interval of r (N = 41 ) . bTotal score across d ifficulty level .  
*p < . 05.  
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Table 33 Test-Retest Reliability Coefficients for Each Group as a Function of 
Gender 

PO HC 
r 95% C la r 95% C la 

Males 
NRMTb 

. 55 ** .30- .79 .47 * . 1 7- .78 
VRMT . 65 ** .41 - .89 .58 ** . 23- .93 
KOLTQ .71  ** . 52- .90 .25 - . 09 - . 59 
PMQT .26 - .08- . 60 .07 - .42 - . 56 
PMOT - . 1 1 - .51 - .30 .28 - . 1 2- .68 

Females 
NRMTb .5 1  * . 1 2 - . 9 1  . 5 1  * . 1 2 - .90 
VRMT .26 - .27- .78 . 54 * .26- .82 
KOLTQ .76 * *  .51 - .99 .72 ** . 53- .91  
PMQT .08 - .04- .55 - .09 - .37- .20 
PMOT .31  - . 1 3- .74 - . 1 1  - .39- . 1 8  

Note. NRMT = Nonverbal Recogn ition Memory Task; VRMT = Verbal Recognition Memory Task; 
KOL TO = Kendrick Object Learni ng Task - age-scaled quot ient; PMQT = Prospective Memory 
Question Task; PMOT = Prospective Memory Object Task. 
a 95% confidence interval of r (N = 41 ) . bTotal score across d ifficulty level .  
*p < . 05. **p < . 0 1 . 

Principal Components Analysis 

Five memory tasks (NRMT,  VRMT, KOL T ,  PMQT, PMOT) were used to measu re 

d i fferent aspects of memory on two separate occasions. To provide an empir ical 

summary of th is  relat ively l arge data set, pr inc ipal components analys is with 

var imax rotat ion was used to produce a smal ler  set of components for further data 

analys is .  

Load ings of variables on components, communal i t ies ,  and percent of variance are 

shown in Table 34. Variables are grouped by size of load ing to faci l itate 

interpretat ion .  Loadings under .45 (20% of var iance) were rep laced by zeros .  

Four  components (with e igenval ues > 1 )  were extracted from the data set . The 

f i rst component ,  label led as recogni t ion ,  was der ived from the two recogn it ion 

memory tasks (VRMT and N R MT) measu red at  T ime 1 and Time 2 .  The second 

component ,  label led as reca l l ,  was derived from the KOL TO scores measu red at 



Results 1 47 

Table 34 Component Loadingsa, Communalities (h2), and Percent of Variance 
Derived From Principal Components Analysis with Varimax Rotation for all 
Participants on the Memory Tasks 

Component 
Task 2 3 4 tf 

NRMT (Time 2) . 85 .00 .00 .00 .73 
NRMT (Time 1 ) . 74 .00 .00 .00 .67 
VRMT (Time 2) . 63 .00 .00 .00 .63 
VRMT (Time 1 )  .50 .00 .00 .00 .5 1  
KOL TO (Time 1 ) .00 . 87 .00 .00 .78 
KOL TO (Time 2) .00 . 85 .00 .00 .80 
PMOT (Time 2) .00 .00 .00 . 80 .68 
PMQT (Time 2) .00 .00 .00 . 71 .65 
PMQT (Time 1 ) .00 .00 . 80 .00 .52 
PMOT (Time 1 ) .00 .00 . 62 .00 .74 
Percent of variance 20.51 1 9 .54 1 1 .34 1 5.77 

Proposed identity Recogn ition Recal l I n itial Retest 
of component Prospective Prospective 

Memor::z: Memo� 

Note. N RMT = Nonverbal R ecognition Memory Task; VRMT = Verbal Recognition Memory Task; 
KOL TO = Kendrick Object Learning Task - age-scaled quotient; PMOT = Prospective Memory 
Object Task; PMQT = Prospective Memory Question Task. 
aloadings under .45 (20% of variance) are replaced by zeros. b ltal icised loadings are the highest 
within a column and were used in the interpretation of the identity of the factor. 

Time 1 and Time 2. The th i rd component, labe l led as in it ia l prospect ive memory, 

was der ived from the two prospect ive memory tasks (PMQT and PMOT) 

measu red at Time 1 .  The fou rth component, labe l led as retest prospective 

memory, was derived from the two prospective memory tasks (PMQT and PMOT) 

measu red at Time 2 .  

Gender by group MANOVA. The fou r  components were subjected to a 2 x 2 

(Gender x G roup) MANOV A. The resu lts ind icated a large main effect for group, 

F(4, 75) = 6 .3 1 , p < . 00 1 , d = 1 . 1 6  ( .69-1 .63), and a two-way (Group x Gender) 

interact ion ,  F(4 , 75 ) = 1 . 03, p = .40, d = .47 ( .02-.9 1  ) ,  but no main  effect for 

gender ( F  < 1 ) . U n ivar iate tests revealed that for the recogn it ion component, there 

was a smal l  main effect for group ,  F( 1 , 78) = 3.30,  p = .07, d = .4 1  (- .03-. 85) , but 

no two-way (Group x Gender) interact ion (F < 1 ) .  I nspection of the marg inal 
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means indicated that the PO g roup  had impaired recogn it ion memory re lat ive to 

the H C  g roup ( M = - .2 1 , SO = 1 .02,  and M =  .20, SO = 1 .00, respective ly) . 

For the reca l l  component, there was a large main effect for g roup, F( 1 ,  78) = 

1 7.73 ,  p < . 00 1 , d = .95 ( .49-1 .42) ,  and a possib le two-way i nteract ion, F(2 ,  78) = 

1 . 4 1 , p = .25 ,  d = .38 (- . 06-.82).  However, from Figure 1 4, one can see that the 

s ize of the deficit was s im i lar  for both males and females, thus, on ly the main 

effect was i nterpreted. 

For the i n it ia l  p rospective memory component there was no  main  effect for group 

(F < 1 ) , but  a poss ib le two-way i nteract ion ,  F( 1 ,  78) = 1 .05 , p = .35,  d= .33 (- . 1 1 -

.77) . F igu re 1 4  suggests that the male P O  group had poorer prospective memory 

at T ime 1 com pared to the i r  respect ive contro l group,  t(46) = 1 .59,  p = . 1 2 , d = .46 

(- . 1 3-1 . 04) . However, there was no  evidence of the same deficit in the female PO 

part ic ipants ,  t(32) = .25 .  

F ina l ly, for the retest prospect ive memory component, the analysis ind icated a 

poss ib le sma l l  ma in  effect for group,  F( 1 ,  78) = 1 .69, p = .20,  d = .29 (- . 1 5-.74) , 

1 .  
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Figure 14. Mean component scores and SE (vert ical bars) for the reca l l ,  in i t ia l  
p rospect ive memory (PM) ,  and retest PM components as a function of the 
Parkinson 's d isease (PO)  and healthy control (HC) gender subgroups. 
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and a smal l  two-way interact ion , F( 1 ,  78) = 2.52,  p = . 1 2 , d = . 36 ( - .08-.80). As 

can be seen in F igure 1 4, there was no evidence that the male PO g roup had 

impaired prospective memory at Time 2 re lat ive to the male HC group ,  t(46) = .22,  

but there was evidence of a def ic it in the female PO group, t(32) = 1 . 88,  p = .07 ,  d 

= . 64 ( - .07-1 .36) .  

Disease Stage MANO VA. For  each PO d isease stage subgroup ,  the fou r  

components were subjected to MANOVA, and where appropriate, ANOVA. For 

· both the early P O  group and the advanced PO g roup ,  the MAN OVA ind icated a 

main effect, F(4 ,  57) = 2 . 64, p = .04,  d = . 9 1  ( .38-1 .44) ,  and F(4, 56) = 9 . 1 2, p < 

.00 1 , d =  1 .72 ( 1 . 1 2-2 .3 1 ) , respect ively. 

The un ivariate tests i nd icated that for the ear ly PO g roup there was a main effect 

for reca l l ,  F( 1 ,  60) = 9 .69 ,  p = .003, d = .85 ( .32-1 .38) , but not for recogn it ion o r  

prospect ive memory (Fs < 1 ) .  Conversely, the advanced PO group p roduced a 

main effect for recogn it ion ,  F( 1 ,  59) = 6 .23 ,  p = .02 ,  d = .69 ( . 1 6-1 .22 ) ,  for in i t ia l  

p rospect ive memory, F( 1 ,  59) = 1 . 84, p = . 1 8 , d = .37 (- . 1 4-.89) , for retest 

prospective memory, F( 1 ,  59) = 2 .84, p = . 1  0, d = .47 (- .05-. 99) , as wel l  as for 

reca l l ,  F( 1 ,  59) = 1 8.06, p <  .00 1 , d =  1 . 1 8  ( . 62-1 .73 ) .  

Discussion 

Several important f ind ings can be taken from the resu lts of the present study. 

F i rst ,  recogn i t ion ,  recal l ,  and prospect ive memory may be affected by PO, but 

factors such as gender, d isease stage, depression ,  and age at onset cou ld 

moderate the s ize of these memory deficits. The m ost important m oderator 

appears to be d isease stage ,  suggest ing that the progression of m otor  deficits 

operates in para l lel with memory impairment .  Depression seems to have a s im i la r  

re lat ionsh ip  with memory im pai rment, bu t  is  also assoc iated with the motor 

deficits, com p l icat ing the issue. Gender and age at onset seem to have task 

specific affects , but these may be spur ious .  The data also ind icate that task 
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d ifficu lty may be important, but gender and d isease stage may interact with 

d iff i cu lty. 

To faci l itate the interpretat ion of the resu lts, the d iscussion be low fol lows the 

format used in the resu lts sect ion .  Also, g iven the large n u m ber of stat ist ical tests 

conducted in the p resent analys is ,  more im portance was placed on those resu lts 

that were cons istent across t ime .  Before beg inn ing the m ain discuss ion ,  a 

descr ipt ion of the g roup characterist ics as a funct ion of gender is  summar ised and 

d iscussed. 

Participant Description as a Function of Gender 

The 25 male and 1 6  female P O  part icipants were genera l ly well matched to the i r  

respect ive cont ro ls i n  terms of age,  educat ion ,  p remorb id IQ,  and handedness. 

The PO part ic ipants were also relat ively h igh funct ion ing as assessed by the 

OMCT, and had m i ld-to-moderate phys ical symptoms .  Moreover, none of the 

part ic ipants were rated as demented and none were assessed as H& Y stage V .  

For a l l  but th ree part ic ipants the d iagnosis of  PO was confi rmed by a neu ro log ist ,  

and  an independent assessment ind icated that a l l  bu t  one participant was rated 

as c l i n ical ly defin ite or p robable PD .  The mean NART est imate of premorbid I Q  for 

the PO g roup was s im i la r  to that expected for their age g roup ( lvnik et a l . , 1 992) .  

Both the  male and  the  fema le P O  g roups had consistent def ic its in  semant ic  

fl uency. I n  terms of  letter  f luency, on ly the fema le P O  group had a cons istent 

defic i t .  However, th i s  f ind ing may be accounted for by the NART est imate of 

premorbid letter f luency wh ich ind icated a cons iderable p reexist ing d ifference 

between the PO females and the i r  respect ive controls. The f ind ing of impa i red 

semant ic f luency, but re lat ively normal letter f luency has been reported in a 

n umber of previous stud ies (e. g . ,  Au riacombe et al . ,  1 993;  Fama et a l . , 1 998) . 

Nevertheless, th is  apparent d issociation may be due to the nature of the task 

categories, rather  than damaged semant ic memory and i ntact lexical access 

(Azuma et a l . ,  1 997) .  
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Anxiety measu red before and after the experimental session was general ly low, 

and there was l itt le evidence that the PO participants differed from the cont ro ls at 

the end of the sess ion . Neverthe less, at the beg inn ing of the sess ion the P O  

females had greater levels of anxiety than their  respective controls. Th i s  appears 

to be due  to very low levels of reported anxiety in the female contro ls ,  rather than 

elevated anxiety in  the female PO part ic i pants. With regard to vig i lance, the 

sensit ivity measu re ind icated that performance was very h igh ;  no  part ic ipant 

scored below . 70 . Nevertheless, both the male and the fema le PO g roups' 

performance was poorer than that of their control groups, wh i le response b ias was 

general ly m in ima l .  This suggests a def ic it in sustained attent ion ,  rather than a 

change in  response criterion (Sheer & Sch rock, 1 986) . However, g iven that 

sensit ivity was general ly h igh , the poorer performance of the PO part ic i pants may 

reflect d ifferences in the strategy used to complete the task. P revious  research 

has shown that strategies based on internal resou rces to gu ide behaviou r 

produce the best performance on the Mackworth clock (Giam bra et a l . ,  1 988) , and 

it is p recisely these strateg ies which may be impaired in PO (Taylor & Sa int-Cyr, 

1 992) .  However,  the present data do not p rovide convincing evidence that fewer 

PO part ic ipants used internal strateg ies compared to the contro ls .  I n  fact , the vast 

major ity in a l l  g ro ups did not use internal strateg ies . Because few, if any, st udies 

have exam ined the Mackworth c lock strategies in  PO, clarif icat ion of th is matter 

awaits fu rther research. 

Most PO part ic ipants were stab i l ised on a levodopa preparat ion , a l though males 

took h igher doses , on average, than females. Of those who were taking 

ant ipark inson ian med icat ion at the t ime of test ing ,  the majority rated i ts 

effect iveness as being good . Also, although part icipants were exc luded from the 

analys is if they had ever suffered from major depression before the onset of PO ,  

depression at t he  t ime of test ing was elevated re lative to t he  contro ls .  

Fu rthermore ,  scores on the GDS were comparable to previous P O  stud ies (e.g . ,  

Dewick e t  a l . ,  1 99 1 ; Owen et a l . , 1 992 , 1 993) . Us ing the cut-off suggested by 

Yesavage et a l .  ( 1 983) ,  44% of the male part ic ipants met the cr iter ia for possib le 

depression at T ime 1 and 65% m et the criteria at Time 2. For the female 
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participants, 44% of the g roup met the cr iter ia for depress ion both at T ime 1 and 

at  T ime 2. Because a suff ic ient n u m ber  of  part ic ipants met the criter ia for 

depression , it was leg it imate to d iv ide the total P O  sample i nto two g roups to 

assess the impact of depression on recogn it ion . Th is was im portant s ince few 

stu d ies , one of wh ich was Owen et a l .  ( 1 993), have exam ined th is comp l icated 

issue.  

Nonverbal Recognition Memory as a Function of Task Difficulty 

and Gender 

A major a im of the p resent study was to examine the ro le that task d iff icu l ty p lays 

in PO memory impairment .  In the past , the find ing of recal l  deficits, but intact 

recognit ion has been exp la ined in terms of d iffe rences in task d iff icu lty. B reen 

( 1 993) suggested that if a recogn it ion task was made more d iff icu lt ,  P O  

part icipants wou ld beg in t o  show deficits. T o  exam ine th is iss ue without 

confound ing task type, a s ing le recogn it ion task (NRMT) was designed with two 

levels of d iff icu lty. A second aim of the cu rrent study was to examine the potent ia l  

moderat ing effect of gender on memory. Thus, separate analyses were conducted 

to assess the performance of male and fema le PO part icipants on al l exper imental 

tasks. 

The data provide evidence that nondemented PO part icipants may suffer from 

nonverbal recogn it ion deficits, especia l ly  when the task is difficu lt . Fu rthermo re, 

the males general ly had la rger deficits than the fema les. However, a 

supp lementary analysis ind icated that the male and female PO part ic ipants 

d iffered with respect to a number of potent ia l ly important characterist ics, 

com pl icat ing the resu lts. Specifica l ly, the male g roup had a h igher mean 

depress ion score and m ore severe d isab i l ity (H& Y and mADL) .  Both of these 

factors have p reviously been shown to contr ibute to cogn itive dysfunct ion in P O  

(Owen et a l . ,  1 993; Starkstein  et a l . ,  1 990);  th is issue wi l l  be taken up aga in  i n  

later sect ions .  
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The effect iveness of the man ipu lat ion of task d iff icu lty also com p l icates the 

present resu lts .  At Time 1 the male PO group had impaired nonverbal recogn it ion ,  

and  the size o f  t he  deficit was g reater when the  task was m ost d iffi cu lt .  However, 

at Time 2 performance was normal at the most d ifficu l t  leve l ,  a lthough 

performance at  the easier level remained infer ior to  that o f  the cont ro ls .  

Conversely, the female P O  g roup had normal  recogn it ion at  T ime 1 ,  but  impa i red 

recogn it ion at T ime 2 with respect to the mo re diff icu lt level of the task on ly . 

.The inconsistency in the recogn it ion deficit may be explained by look ing at the 

effect iveness of  the task d iff icu lty factor and the change in performance from T ime 

1 to Time 2 .  For the P O  males the task d iff icu lty factor was effective at  T ime 1 ,  

and there was evidence of impai red recogn it ion , especial ly at the m o re d iff icu lt 

level. However,  the task d iff icu lty factor was ineffect ive at T ime 2 ,  performance 

considerably im proving at the more d ifficu lt leve l ,  but to  a lesser extent at the 

easier leve l .  Meanwh i le ,  the male control g roup 's performance dec l i ned at the 

more diff icu lt level ,  but rema ined stable at the easier level .  Th is  contr ibuted to a 

situation where, at T ime 2 ,  the male PO g roup did not appear to have a 

recognit ion deficit at the more diff icu l t  leve l ,  but the i r  performance rema ined 

inferior at the easier level .  For the female PO group there was a weak 

man ipu lat ion of task d ifficu lty at T ime 1 ,  and in terest ing ly there was no evidence 

of a deficit in recogn it ion . However ,  at T ime 2 the task d iff icu lty factor  was 

effect ively man ipu lated , and the female PO g roup showed s igns of im pai red 

recognit ion at the  more d iffi cu lt leve l ,  but  not at the eas ier leve l .  

The  most immediate factor t o  consider is  that there probably was insuff ic ient 

separation in  performance levels between the easy and more d iff i cu lt leve l-such 

that random variat ion (probab ly account ing for control group T ime 1 to T ime 2 

differences) cou ld confound the outcome. A supplementary analys is  col lapsing 

across t ime revealed that for the PO males,  the recogn ition deficit was s l ight ly 

smal ler at the more d ifficu lt leve l (d = .53, - .06- 1 . 1 2) than at the eas ier level (d = 

. 64 ,  .05- 1 .23) .  For the PO females, the data showed a larger  deficit at the more 

difficu l t  level (d  = . 44 ,  - .27- 1 . 1 4) than at the eas ier level (d = . 1  0 ,  - . 59- .79) .  
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Therefore , support for the effortfu lness/automatic d ist inct ion was seen only in  

fema le PO group.  

In  th is respect, the data support B reen 's ( 1 993) suggestion that defic its wou ld  be 

seen if a recogn it ion task was made more d iff icu l t .  lt is poss ib le that for the P O  

males used here, both the harder and the eas ier levels were demand ing enough 

to produce deficits . Had the d ifficu lty factor been more effect ive ly m an ipu lated , the 

present resu lts may have provided stronger support for the moderat i ng  effect of 

task difficu lty. Brown and Marsden ( 1 990) proposed that the i r  theory of processing  

resources accounts for the  resu lts seen in a number of d ifferent domains ,  

inc lud ing memory. Appl ied to the present resu lts , task demands (especia l ly at  the 

m ore d iff icu lt leve l )  m ay have exceeded the PO part icipants' central process ing 

resou rces produc ing impaired recogn it ion relat ive to contro ls .  

Task demands have a lso been shown to be an important factor in the recogn it ion 

memory deficits seen in a lcoho l ic  pat ients with Korsakoff's d isease (Aibert et a l . ,  

1 979) ,  i n  healthy e lderly (Oujard i n  et al . ,  1 995) ,  and ind i rect ly in  P O  (e . g . ,  Oewick 

et a l . , 1 99 1 ; Owen et a l . ,  1 993) .  Whi le the present results provide some support 

for the importance of task demands, an alternat ive (although not necessari ly 

m utual ly exc lus ive) explanat ion for these f ind ings can be found in the work of 

Parkin ( 1 993) .  

Park in  ( 1 993) orig ina l ly  d i rected h is arg ument at the apparent d issociat ion 

between recal l and recogn it ion in age- related memory dec l i ne ( i .e . , reca l l  

deterio rates with age wh i le recogn it ion does not) . He argued that recogn it ion 

memory invo lves both expl ic i t  and imp l ic it p rocesses, whereas free reca l l  is purely 

exp l ic i t .  Th us ,  p reserved imp l icit p rocesses wou ld fac i l itate recogni t ion ,  but not 

reca l l .  l t  shou ld be noted that othe r  researchers have made s im i lar suggest ions 

(e .g . ,  Mandler ,  1 980 ;  Moscovitch ,  Winocu r, & Mclachlan , 1 986;  R ichardson­

K iavehn & Bjork ,  1 988 ;  Tulving ,  1 992). However, Squ ire ( 1 992, 1 994) argued that 

h is own research (Ha ist, Sh imam ura, & Squ i re,  1 992; Squ i re, Sh imam u ra, & G raf, 

1 985) does not support the idea that recogn it ion typ ical ly invo lves imp l ic it 
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processes, but d id  concede that impl ic it memory m ight contr ibute to recogn i t ion 

performance under some condit ions. Johnston ,  Hawley, and E l l iott ( 1 9 9 1 ) 

conducted an extens ive research program to examine this issue. They suggested 

that above chance recogn it ion accu racy can be ach ieved th rough perceptua l  

( imp l icit) memory i n  s ituat ions of  m in imal  expl ic it memory. "Thus, a re l iab le l evel 

of recogn it ion accu racy does not necessar i ly i nd icate a re l iable leve l of exp l ic i t  

memory" (Johnston et a l . , 1 991 , p .  22 1 ) . Parkin c la imed that when perform ing  a 

recogn it ion task, a defic it i n  exp l ic it memory m ay be compensated for by 

. increased rel iance on imp l ic it processes ( i . e . ,  perceptual f luency cues ) .  He went 

on to argue that there is  suffic ient evidence to support the involvement of imp l ic i t  

retr ieval processes i n  recogn it ion . The fact that impl ic it memory decl i nes  l i tt le with 

age expla ins why there is  l ittle recogn it ion deficit with age. 

Th is same logic can be appl i ed to PD.  Perceptua l  imp l icit memory appears to be 

med iated by the r ight occ ip ital cortex (F ie ischman et a l . ,  1 995;  Gabrie l i  et a l . ,  

1 995) ,  a reg ion n ot damaged by PO (Lezak , 1 995;  Wooten , 1 984) . The i m p l icat ion 

is that people with PO may somet imes show in tact recogn it ion because they a re 

able to use perceptua l  imp l i cit cues to recogn ise previously presented 

informat ion.  The p laus ib i l ity of th is suggest ion is supported by research 

demonstrat ing that perceptual  memory is  re latively normal in PO, and that 

recogn it ion is less im pai red than recal l  (e.g . , Appol lon io et a l . ,  1 994; Bond i  & 

Kaszniak, 1 99 1 ; Bond i  et al . ,  1 993) .  

Appol lon io et a l .  ( 1 994) stud ied 1 3  (6 males, 7 females) nondemented PO patients 

(mean age = 57.2 years , SO = 1 1 . 6) and 1 2  (7  males, 5 females) normal  controls 

(mean age = 62.4 years , SO = 1 3 . 4) .  Perceptua l  memory scores, assessed with a 

pictu re fragment test, were computed in such a way as to exc lude improvement in  

performance due to sk i l l  learn ing .  Recogn it ion memory (h i t  rate less fa lse a larm 

rate) was assessed with a yes-no test of 20 items ( 1  0 items served as 

d istractors) ,  and recal l  was assessed with free reca l l  of 90 words. A reanalys i s  of 

Appol lon io et a l . 's resu lts us ing ESs ind icates that the PO part icipants had norm al 

perceptual learn ing relative to the contro ls ( d = . 06 ,  - .75- .88) . Whi le  the P O  g roup 
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did show s igns of impa i red recogn it ion ( d = . 60 ,  - . 24- 1 . 43) ,  the deficit was smal ler  

than that for free reca l l  ( d =.9 1 , . 05- 1 .  77) . This  f ind ing supports the earl ier work of  

Bondi  and Kaszn iak ( 1 99 1 ) and Bondi  et a l .  ( 1 993 ) ,  suggest ing that intact impl ic it 

memory may account for the d issociat ion between recal l and recogn ition in P D .  

Park in 's ( 1 993) proposal may also account for the detr imental effect of task 

d iffi cu lty on the recognit ion of P O  part ic ipants in the present study. That is, task 

d ifficu lty was created by increas ing the perceptua l  s im i la rity between targets and 

d istracters , thus  reducing the efficacy of perceptua l  f luency cues. Therefore, at 

the easier level of the task the PO part icipants m ay have com pensated for the i r  

expl ic i t  memory deficit by us ing intact imp l ic it processes, but th is may have been 

more difficu lt to do at the harder leve l .  Thus ,  smal ler recogn it ion deficits wou ld be 

seen at the easier level re lat ive to the harder leve l .  Unfortunately, the present 

study was not des igned to dist ingu ish between the ro le of imp l ic it memory and the 

automat ic/effortfu l  d istinct ion .  

I n  the d iscussion above, Parkin 's  ( 1 993) proposal was appl ied to nonverbal 

recognit ion , but  it can also be appl ied to tasks that use verbal stim u l i . Therefore , 

the general view that recal l  is dysfunct iona l ,  whereas verba l recogn it ion is 

re lat ively intact may also be accounted for in  terms of im pl ic i t  memory processes. 

To exam ine verbal recogn it ion memory funct ion ing in  PO ,  a verbal analogue of 

the nonverbal task (without the task d iff icu lty factor) was used , and the resu l ts 

from th is  task are the focus of the next sect ion .  Therefore, Parkin 's  im pl icit 

mem ory proposal w i l l  be revisited at the end of the next sect ion .  

Verbal Recognition Memory as a Function of Gender 

To exam ine verbal recognit ion and the potent ia l  moderat ing effect of gender, 

performance on the VRMT was assessed separate ly for males and females. The 

data ind icate a cons istent verbal recogn it ion defic it both in the PO ma les and in 

the PO females , and, fu rthermore, the deficit was g reater in  the latter group.  
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I nterest ingly, the female PO group gene ra l ly had poorer verbal recogn it ion than 

the male PO g roup. These find ings contrast sharply with most p revious  research 

showing that females have super ior verbal memory (Kramer et a l . , 1 988; Lezak, 

1 995) .  However, poor premorbid letter f l uency in the PO females m ay be 

responsi b le for the cu rrent f ind ing. l t  is a lso poss ib le that the apparent g reater 

deficit in the PO fema les is related to the fact that they found the task m ore 

d iff icu lt ,  g iven that the s ize of a def icit m ay grow as task d iff icu l ty i ncreases .  

Nevertheless , regard less of  the d iffe ren ce between the male and the fem ale 

part ic ipants , performance was genera l ly h igh on the VRMT. I n  l i gh t  of  the resu lts 

from the nonverbal task ,  had the verbal task been more d iff icu l t ,  st i l l  g reater  

deficits may have been seen in the P O  part ic ipants. 

Taken together ,  the deficits in  verbal and nonverbal recogn it ion memory can be 

contrasted with the frequently cited f i nd ings of Lees and Sm ith ( 1 983) , F lowers et 

al. ( 1 984) ,  and Taylor et a l .  ( 1 986) . As descr ibed in chapter 1 ,  Lees and S m ith 

reported that they cou ld f ind no evidence of impa i red word or  face recogn it ion 

m emory in PD.  A reanalysis of  the i r  resu lts us ing ESs supported the i r  c la i m .  

What, then, could account for the d iscrepancy between the present f ind i ngs  and 

those of  Lees and Sm ith? l t  is un l ikely that a d ifference in task d i ff icu lty i s  the 

explanat ion,  because mean PC for the verbal task used here was approximately 

the same as that reported by Lees and Sm ith .  A m ore l ike ly explanat ion is  re lated 

to sample differences. That is, in contrast to those stud ied by Lees and S m ith , the 

p resent part ic ipants were, on average, approximately 10 years o lder, had longer 

d isease du rat ion , and were more l i kely to be in  the later stages of  PO (a factor 

that may be associated with memory im pai rment ;  see chapter 1 ) . I n  add i t ion , none 

of Lees and Sm ith's part ic ipants had ever  rece ived ant ipark inson ian med icat ion ,  

whereas the majority of  the present sample were stabi l ised on a levodopa 

p reparat ion .  Nevertheless, i t  is un l ikely that med icat ion alone cou ld account for a l l  

o f  the d ifference in performance, because there is  l itt le evidence that 

ant ipa rk inson ian med icat ion d i rect ly causes defic i ts in  recogn i t ion .  
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I n  contrast to Lees and Sm ith ( 1 983) ,  F lowers et a l .  ( 1 984) u sed a PD sam ple that 

was genera l ly o lder, more severely affected by the disease, and medicated. 

Neverthe less, the i r  sample was st i l l  somewhat younger than the present samp le. 

Flowers et a l .  reported that their resu lts showed that PD part i cipants d id not have 

impa i red recogn it ion .  However, a reana lys is  of the i r  data in terms of ES 

suggested that defic its in delayed recogn it ion may have existed, but  the i r  study 

d id not have suffic ient stat istical power to detect these (see chapter 1 ) .  

Furthermore ,  f loor and cei l ing effects m ay have obscured the true extent of the 

defic i ts (Sahakian et a l . , 1 988) . Re-couch ing  the F lowers et  a l .  data i n  ESs 

actua l ly  br ings them i nto l ine with the resu lts of the present study. 

The PD sample used by Taylor et a l .  ( 1 986) was s im i lar to those used here with 

respect to d isease du rat ion , d isease stage, and m ed icat ion , a lt hough Taylor et 

a l . 's part icipants were general ly younger. As with Flowers et al . ( 1 984) , Taylor et 

a l .  cla imed that recogn it ion was i ntact i n  the i r  sample ,  although th is is not 

su rpr is i ng  g iven thei r  poor statist ical  power. Us ing ESs, the i r  data provide 

evidence of a smal l  recogn it ion deficit (see chapter 1 ). Therefore, their  resu l ts are 

also cons istent with those of the present study. 

Wh i le the stud ies described above have been i nst rumental i n  estab l ish ing the 

view that recogn it ion is  relatively n orma l  in PD, other  invest igat ions have reported 

recogn it ion deficits in nondemented pat ients (e. g . ,  Bond i  et a l . ,  1 993; Cooper et 

a l . ,  1 993; O 'Su l l ivan , 1 998; Owen et a l . ,  1 993; Sahakian et a l . ,  1 988) . However, 

these authors provide a range of explanat ions for these def ic its .  For instance, 

both Bond i  et al .  and Cooper et al . suggested that frontal system dysfunction 

accounted for the recogn it ion defic it . In add it ion ,  Owen et al. suggested that 

inadequate exc lus ion of demented part ic ipants may be respons ib le for the 

observed deficits in the study of Sahakian et a l .  Neverthe less ,  the present meta­

analys is based on 1 6  stud ies (chapter 2) ,  i nd icated the poss ib i l ity of a smal l 

recogn it ion deficit i n  more advanced stage (med icated) PD part icipants .  Of 

part icu lar  interest here is the fact that the studies l i sted above (that reported 

deficits) used PD samples that were s im i lar to the present sample in terms of 
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d isease stage, a factor that m ay be important ,  and th is  issue wi l l  be taken u p  

again i n  a later sect ion .  

Retu rn ing to the idea that i mpl ic it memory processes may faci l itate recogn i t ion 

m emory ( Park in ,  1 993), the present resu lts show that the deficits i n  recogn i t ion 

were general ly of a smal ler  magn itude than the reca l l  defic its (d iscussed in the 

next section ) .  Thus ,  it is poss ib le that in  the PO part ic ipants , def ic its i n  exp l ic it 

memory processes were com pensated for by intact impl ic it memory, fac i l itat i ng  
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_ performance on the recogn it ion tasks . However, smal l-to-med ium recogn it ion 

defic its remained vis ib le suggesting that ,  at least in the present sam p le ,  im p l ic i t  

cues were not suff icient to retu rn recogn it ion to normal .  it shou ld also be noted 

that the recal l  task used here was not specif ical ly designed to be com parable to 

the recogn it ion tasks and so d i rect compar isons between recal l  and recogn i t ion 

deficits m ust be made with caut ion .  F u rthermore, the impl icit memory proposal 

m ay operate in  concert with B rown and Marsden 's ( 1 990) theory of process i ng  

resources; the present resu lts are consistent with t he  idea that P O  memory 

funct ion ing wi l l  become dysfunct ional  as process ing  resources are exceeded. 

Recall as a Function of Gender 

The KOL T was used to measure reca l l ,  and scores were converted to age-scaled 

quot ients; an alternate form was used at T ime 2. The resu lts show that both the 

m ale PO group and the fema le PO group  had med ium-to- large recal l  defic its that 

were consistent across t ime.  The s ize of the deficit was somewhat greater i n  the 

fema le PO group,  even though the ma le participants had, on average, poore r  

reca l l  than the fem ale part ic i pants. The  st im u l i  used in the task were p ictu res of 

common objects and as such were easi ly verbal ised . Therefore, the impa i red 

performance seen here probably reflects a deficit in verbal reca l l .  The fact that the 

fem ale part ic ipants had super ior recal l  relative to ma le part ic ipants supports past 

research (see chapter 1 ) . H owever, the present study is the f i rst to report that 

fem a le PO participants (re lat ive to controls) may have more severe recal l  deficits 
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than PO males . Neverthe less , a general deficit in reca l l  memory is wel l  

documented i n  nondemented PO part ic ipants (see Brown & Marsden , 1 990; 

Dub ios et a l . , 1 99 1 ) .  

Prospective Memory as a Function o f  Gender 

Pr io r  to the present study, prospective memory in PO has not been i nvest igated . 

Th i s  is su rpr is ing s ince prospect ive memory p lays an important role i n  everyday 

act iv it ies (see chapter 1 ) . Moreover, p rospective memory is most l ikely subserved 

by the frontal lobes (McDan ie l  et a l . ,  1 999) , and as such ,  may be at r isk in  P D .  

T h e  present study used two event-based tasks to measu re prospective memory. 

The f i rst task (PMQT) invo lved rememberi ng to ask a quest i on at some futu re 

po int  i n  t ime .  At the f i rst sess ion ,  the quest ion concerned the part ic ipant's next 

appointment, whereas at the second sessi on the q uestion concerned the resu lts 

of the study. These quest ions were des igned to be equal ly mean ingfu l to the 

part ic ipant, but d ifferent so as to reduce pract ice effects . The second task ( PM OT) 

i nvo lved remember ing to  ask for  a personal be long ing .  Each partic ipant chose the 

object to be remem bered , and no attempt was made to i nsu re that the object 

d iffered between T ime 1 and T ime 2. 

The present data ind icate that prospect ive memory for a question was poorer i n  

both PO males and  PO females re lative to  thei r controls ,  although the  s ize o f  the  

def ic i t  was m uch g reater at T ime 2. I n  add it ion ,  t he  ES was s im i l a r  fo r the  ma les 

and the females .  P rospect ive memory for an object was on ly impai red in the ma le 

PO g roup at  T ime 1 .  

Taken together ,  the prospect ive memory data suggest that gender does not 

m oderate the s ize of the defic it ,  and that the task used to measu re prospective 

memory appears to be an impo rtant factor i n  detect ing a deficit i n  PD .  Us ing 

B rown and Marsden's ( 1 990) theory of processing resou rces, it may be a rgued 

that the PMQT p laced greater demands on process ing resou rces than the PMOT. 
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The relative level of performance on  each task genera l ly supports th i s  proposit ion .  

Thus ,  a deficit in the PO group's performance was observed because the P M QT 

demands exceeded resou rces when compared to the contro ls .  

Memory as a Function of Disease Stage 

To examine the potent ia l  moderat ing  effect of d isease stage, p lanned 

comparisons were made between the early P O  g roup and the HC g roup,  and 

between the advanced PO group  and the H C  participants, both at  T ime 1 and at 

Time 2 .  A prel im inary analysis confi rmed that the early PO g roup and the 

advan ced PO group were s im i la r  to  the controls with regard to gender, age, 

educat ion , and premorbid IQ. Neverthe less, both PO subgroups had h igher 

dement ia and depress ion rat ings relative to the HC group.  

The resu lts ind icate that, at  T ime 1 ,  the advanced PO group was impaired both at 

the more d iff icu lt level and at the easier level of the NRMT. H owever, the with in ­

groups comparison revealed a weak man ipu lat ion of  the d iff icu lty factor ( i . e . , 

performance was a lmost equ iva lent at the two levels of d ifficu lty) . Neverthe less, at 

the second session where the d iff icu l ty factor was effect ive, the deficit rem ained at 

both levels of d iff icu lty. Conversely,  in  the early PO group the man ipu lat ion of the 

d iff icu lty factor was effect ive at both sess ions ,  and the only evidence of 

impa i rment was at the more d ifficu lt leve l .  Fu rthermore, at the more d ifficu lt l evel 

there was no cons istent d ifference between the two PO subgroups with respect to 

the s ize of the deficit .  

Both PO subgroups had impai red verbal recogn i t ion (consistent across t ime) ,  and 

the m agni tude of the deficit was g reater in  the advanced PO group .  S im i la rly, for 

recal l ,  both PO subgroups were consistent ly impaired, and the size of the deficit 

was g reater in the advanced PO group.  
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I n  the case of prospective memory, the advanced PO group had i nferior m em ory 

for a question relative to the H C  g roup,  and th is was consistent across t ime.  The 

early PO group a lso had impai red memory for  a question , but  on ly at  T ime 2 .  On 

the othe r  hand ,  prospect ive memory for an object was consistently impa i red i n  the 

advanced P O  group ,  but impaired on ly at  T ime 1 i n  the early group.  Again , the 

s ize of the prospective m emory defic its were cons istent ly greater in  the advan ced 

g roup .  

I n  sum ,  the data show that the more advanced PO g roup were cons istently 

impaired on a l l  of the memory tasks . Conversely, the early PO g roup appear to 

have cons istent reca l l  and recogn it ion deficits (except at the eas iest level of the 

N RMT), but i ncons istent prospect ive memory impairment .  I n  add it ion ,  the s ize of 

the defic it was always g reater in the advanced P O  g roup relat ive to the early 

g roup (except at the hardest level of the N R MT). Taken together ,  these resu lts 

support and extend earl ier  f ind ings suggest ing that patients in  the advanced 

stages of PO may have mo re severe memory deficits than those in the early 

stages (e.g . ,  G rowdon et a l . , 1 990; Lees & Sm ith , 1 983; Owen et a l . ,  1 992 , 1 993; 

Sahakian et a l . ,  1 988) . The present study extended previous resu lts by showing 

that prospective memory is also at  r isk and such deficits may progress in para l le l  

with the physical symptoms characteristic of  PD .  However, as discussed in 

chapter 2 ,  th is  relat ionsh i p  shou ld not be taken as evidence that both memory and 

m otor deficits share a common patho logy. l t  seems l ikely that memory defic its are 

associated with the d isrupt ion of nondopam inerg ic  pathways, such as the 

ascend ing noradrenergic and chol inerg ic  project ions to the frontal cortex ( P i l l on  et 

a l . ,  1 989; Sagar et a l . , 1 995) .  On the other hand, m ost m otor deficits are med iated 

by damage to the dopaminerg ic system . So, d isrupt ion to both systems may be 

responsib le for the pattern of resu lts that emerged in the present study. 

With respect to the effect of task d iff icu lty, it appears that those partici pants in the 

mo re advanced stages of PO produced nonverbal recogn it ion def icits i r respect ive 

of task demands. Conversely, the early P O  partic ipants produced deficits of an 

important magn itude on ly at the more d ifficu lt leve l .  
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Fina l ly ,  a l though the early PO group  c learly had less severe memory dysfunct ion 

than the advanced PO group, d ifferences in  term s of depress ion comp l icate the 

interpretat ion of these data. A supp lementary analysis d irect ly com pari ng the two 

subgroups in terms of GOS scores showed that the advanced group reported , on 

average, h igher levels of depress ion ( d  = .39 ,  - .24- 1 .03). The impact of 

depression is d iscussed fu rther i n  the  next sect ion . 

Memory as a Function of Depression 

To exam ine  the potent ia l moderat ing effect of depress ion , separate p lanned 

comparisons were made at T ime 1 and at T ime 2 .  At Time 1 ,  the depressed P O  

group was wel l  matched t o  the nondepressed H C  g roup with respect t o  gender 

and age,  but had sl ight ly lower educat ion ,  p remorb id IQ ,  and cogn it ive status  

scores . A t  T ime 2 ,  the two groups were matched on  gender, age, educat ion ,  and  

premorbid IQ .  As expected, depress ion scores were much h igher in  the 

depressed PO group at both sess ions .  The nondepressed PO group were wel l  

matched with the nondepressed contro ls  i n  terms of gender, age, educat ion ,  and 

premorbid IQ at both t imes .  Although the nondepressed PO part ic ipants d id n ot 

meet the cr iter ia for depression , they d id have h igher depression scores 

com pared to the nondepressed cont ro ls .  The cogn it ive status score was also 

s l ight ly h igher in the nondepressed PO g roup at Time 1 ,  but equal  at T ime 2.  I n  

terms of the nonverbal recogn it ion task, the with i n-g roups comparisons conf irmed 

that the man ipu lat ion of task diff icu lty was effect ive for al l  th ree groups. 

The data show that both the depressed PO g roup and the nondepressed PO  

group had  im pai red nonverbal recogn it ion re lat ive to the nondepressed controls, 

with l itt le d ist inct ion between the two subgroups. In terms of task d ifficu lty, the 

more d iff icu l t  level genera l ly produced greater defic i ts than the easier  leve l .  

The depressed PO group also had cons istent deficits in verbal recogn it ion ,  reca l l ,  

and prospective memory. I n  contrast, t he  nondepressed PO group on ly had 
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consistent p roblems with verbal recogn it ion and reca l l ,  and, fu rthermore, these 

deficits were smal ler than those seen in  the depressed PO group. 

In concl us ion ,  the resu lts show that depressed and nondepressed PO part ic ipants 

m ay have s im i la r  levels of nonverbal recogn i t ion im pairment, but d iffer with 

respect to verbal recogn i t ion ,  reca l l ,  and p rospective memory. Thus,  depression 

may part ia l ly contr ibute to the memory impa i rment seen i n  PD. However, a 

supp lementary analys is ind icated that d isease stage confounds the re lat ionsh ip 

between affective status and memory function ing .  Specif ical ly, averag ing across 

t ime ,  48% of the depressed PO g roup compared to 26% of the nondepressed PO 

g roup  were i n  the  advanced stages (H&Y stage I l l  o r  IV). I n  addit ion,  the 

depressed PO g roup reported m ore funct iona l  d isab i l ity (mAD L) than the 

nondepressed PO group, both at T ime 1 and at Time 2 ( d  = 1 . 1 9 , .44- 1 .95 and d 

= 1 . 38 ,  . 67 -2 .08 ,  respectively) . For a l l  PO part ic ipants, averaged across t ime ,  

there was a posit ive correlation between the GDS scores and both the H& Y stage, 

r(40) = . 40 , p = . 009, 95% Cl = . 1 5- . 65 ,  and the mAOL scores, r(39) = . 67,  p < 

. 00 1 , 95% C l = .52- .82 .  Therefore, it is possi b le  that d isease severity i s  

respons ib le fo r  the  observed difference between the depression subgroups .  This 

seem s l i kely for a number of reasons. F i rst, p revious research has indicated that 

depress ion has l itt le  re lat ionship with m emory dysfunction in PO,  whereas m otor 

deficits a re c learly related to memory dysfunct ion (Owen et a l . , 1 993) . Second ,  the 

present data show l i tt le d ifference between the depressive subgroups with respect 

to nonverbal recogn it ion deficits ,  but some evidence that d isease stage 

subg roups d iffer in th is  respect . 

Memory as a Function of Age at Onset 

Another  var iable having a possible moderat ing effect on m emory is age at onset. 

P lanned com parisons were made both at T ime 1 and at T ime 2 to invest igate th is 

poss ib i l ity. P re l im inary analyses confi rmed that both the ear ly-onset and the late­

onset PO g ro ups were we l l  matched to the i r  respect ive contro ls with regard to 

gender, age, education , and premorbid I Q .  F ina l ly, as might  be expected ,  the 
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early-onset PO g roup were approximately 1 3  years younger than the late-onset 

PO g roup at the t ime of symptom onset. 

1 65 

Overa l l ,  the data p rovide l itt le evidence that age at onset has a cons istent 

moderat ing effect on the magnitude of the memory impairment in P D .  H owever ,  

the early-onset PO group d id  have consistent ly larger nonverbal recogn it ion 

defic i ts re lative to the late-onset PO g roup .  I n  cont rast, the opposi te occu rred for 

reca l l  and prospect ive memory for an object. For verbal recogn it ion and 

p rospect ive memory for a quest ion ,  the d iffe rence between subgroups varied as a 

funct ion of t ime.  

Past research has ind icated that PO part ic ipants who are o lder at  the onset of 

the i r  motor symptoms may deve lop more widespread cogn it ive defic its than those 

with early-onset of symptom s  (e .g . ,  B igg ins  et a l . , 1 992; Caparros-Lefebvre et a l . ,  

1 995 ; Dubois et a l . ,  1 990; Hor iguch i  et a l . , 1 99 1 ; Hietanen & Terava inen ,  1 988;  

Katzen et al . ,  1 998; Mahieux et a l . ,  1 998;  Reid et  a l . ,  1 989) . However ,  p rev ious 

research has also shown that age at onset does not appear to moderate specif ic 

m emory impa i rment ,  both early- and late-onset PO participants showing s im i la r  

deficits relat ive to healthy controls (Oubois et a l . ,  1 990; Haeske-Oewick,  1 996; 

H ietanen & Teravainen,  1 988) .  The present resu lts may be interp reted i n  one of 

two ways . F i rst, any d iffe rence i n  the s ize of the deficit between the ear ly- and 

late-onset PO part ic ipants may have been due to random fl uctuat ions ,  and,  

therefore, age at onset is not a m oderat ing factor. Second,  age at onset does 

have a moderat ing effect on memory im pairment ,  but it is task specific. That is ,  

early-onset part ic ipants have g reater p roblems with nonverbal recogn it ion ,  

whereas late-onset part icipants have more severe recal l  and prospective memory 

defic its . 

A supplementary analysis i nd icated that age and d isease du rat ion may confound 

the comparison made between age at onset s ubgroups in terms of  ESs.  The 

early-onset PO g roup were approximately 7 years younger, on average,  than the 

late-onset PO g roup, F( 1 ,  39) = 20.60, p < . 00 1 , d = 1 . 43 ( .  72-2 . 1 3) ,  but had a 
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longer m ean d isease du rat ion ,  F( 1 ,  39) = 1 7 . 1 2 , p < .001 , d = 1 .30 ( . 6 1 -1 .99) . 

Nonethe less, it is  d iff icu lt to see how these factors could account for the pattern of 

resu lts described above. 

Correlation Analysis 

To fu rther eva luate the re lat ionsh ip between memory and the potent ia l  

moderators ,  correlat ions were calcu lated between the mem ory task scores and 

H& Y stage, GDS scores, and age at onset. In terms of d isease stage (as 

measu red with the H& Y) the correlat ions ind icate that as PO progresses memory 

genera l ly deter iorates ,  support ing the f ind ings reported above that show that the 

advanced PO group had more severe m emory deficits. Past studies have seldom 

reported correlat ions between ind ices of d isease stage and recogn it ion memory. 

Those that have, have found on ly smal l  correlat ions (e . g . ,  Cooper et a l . ,  1 993; 

Dewick et a l . ,  1 991 ) . Studies that have reported correlat ions between d isease 

stage and recal l  have general ly found smal l-to-med ium s ized associat ions 

(Cooper & Sagar, 1 993a; Cooper et a l . ,  1 992; Moh r et al . ,  1 989; Su l l ivan et a l . ,  

1 993) . With respect to  depress ion ,  smal l -to-med ium sized correlat ions were found  

i n  the present study, ind icat ing that h igher leve ls of depression are associated 

with poorer memory. P revious investigators have reported smal l  correlations 

between these factors in  n ondemented PO (e. g . ,  Cooper et a l . ,  1 993; Dewick et 

a l . ,  1 991 ; Su l l ivan et a l . , 1 993) ,  a l though the s ize of the associat ion may depend 

on the m easu re used to assess depress ion .  That i s ,  larger correlat ions have been 

found  us ing the GDS in comparison to the Beck Depression I nventory (Youngjohn 

et a l . , 1 992) .  F ina l ly, in  regards to age at onset, with one except ion ,  the 

correlat ions reported here ind icate that o lder age at onset is weakly associated 

with poorer memory. The except ion was a posit ive correlat ion between recal l and 

age at onset. Comparison with past research is difficu lt because few stud ies, i f  

any, have publ ished correlat ions between age at onset and memory performance. 
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I n  the p resent study, the test- retest rel iab i l ity coeff ic ients ind icated that the recal l  

and recogn it ion tasks genera l ly  had m oderate external re l iab i l ity , with two 

except ions . That is ,  poor rel iab i l i ty was found for the recal l  task when used by the 

male contro ls ,  and the verbal recogn i t ion task when used by the PO fema les .  A 

previous study reported that in a sample of healthy part icipants , computer ised 

tests of recognit ion and recal l  had m oderate re l iab i l ity when a mean test- retest 

interval of 2 1  days was used (Youngjohn et a l . , 1 992) .  With respect to prospect ive 

memory, both of the tasks used here had poor test-retest re l iab i l ity. No  othe r  

stud ies appear to  have reported external re l iab i l ity data, so  i t  is  d ifficu lt t o  say 

whethe r  these smal l  coefficients are un ique to the present st udy or re lated to the 

natu re of the prospect ive memory task. 

Principal Component Analysis 

Although there is some debate, it is thought that recognit ion ,  reca l l ,  and 

prospective memory are med iated by d ifferent m emory processes (see chapter 1 ) . 

If th is was true, it shou ld  be possib le to extract d ifferent components reflect i ng  

these p rocesses from the set of memory var iables used in the p resent study. To 

do this, pr incipal components extract ion with var imax rotat ion was used. Fro m  the 

1 0  dependent var iables, fou r  components were extracted (recognit ion mem o ry, 

recal l ,  i n it ia l  prospect ive memory, and retest prospect ive memory) . The extract ion 

of these different components provides some evidence that these memory types 

are dist inct from each other. In addit ion ,  because these components are 

orthogonal ,  they were used as dependent var iables in  MANOV A and ANOV A,  

wh ich faci l itated interpretat ion of  the g roup comparisons. 

In the case of gender, a MANOVA was conducted with each component serving 

as a separate dependent variable in  o rder to look for group d ifferences. The 

resu lts revealed a m u lt ivariate i nteract ion between group and gender .  Fu rther  

un ivar iate analyses i nvo lving the recogn it ion memory component showed that 

recogn it ion was poorer in  the PO g roup relat ive to the controls ,  and there was no  
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interact ion with gender. The magn i tude of the recogn it ion deficit approached that 

class if ied by Cohen ( 1 988) as med i um .  With respect to the reca l l  component, the 

data c lear ly showed that the PO part ic ipants s uffered from a large reca l l  defic i t ,  

but  there was l it t le interact ion with gender. F ina l ly ,  the data p rovided some 

evidence of a prospect ive memory deficit :  for the  PO males ,  a smal l  effect at T ime 

1 only ,  and for the PO females, a med i um effect a t  Time 2 on ly. Taken together  

these resu lts suggest that there is l itt le d ifference between ma les and females i n  

te rm s  of the s ize of the  memory deficit i n  PD .  

With respect to d isease stage, t he  analysis revealed a m u l t ivariate effect both for 

the early P O  group and for the advanced PO g roup ,  with the ES being greater i n  

the latter g roup. Fu rther analys is o f  each memory component ind icated that in  the 

early PO g roup there was a large defic i t  in  reca l l ,  but  not in other memory types . 

The advanced PO group had a very large reca l l  def ic it ,  and in cont rast to the early 

group ,  a med ium recogn it ion defic i t  and a smal l  p rospect ive memory defic i t .  

These resu lts provide further support for the associat ion between d isease stage 

and memory impa i rment ,  and ind icate that def ic i ts both in recogn it ion and in 

prospective memory may emerge as PO progresses. i t  seems very l i kely that the 

progress ive deterio rat ion i n  the P O  brain over t ime underl ies these increas ing ly 

la rge m emory defic its . 

P rinc ipa l  components analysis has on ly rarely been reported in  the PO memory 

l iterat u re (e . g . ,  Bond i  et a l . ,  1 993) . I n  the present case, the analysis appears to 

c lar ify some of the fi nd ings taken from the planned compari sons .  F i rst, 

recogn it ion , reca l l ,  and prospect ive memory may be med iated by different memory 

p rocesses, a l though a l l  are affected in some ind iv iduals with PD .  Second ,  the 

moderat i ng  affect of gender ( revea led by the p lanned com parisons) is not 

supported by the PCA and may be largely spu r ious .  Th i rd ,  part ic ipants in the ear ly 

stages of PO may have reca l l  defic its, but recogn it ion and p rospective memory 

a re st i l l  i n tact. I n  contrast, those in the later stages of PO may have cons iderable 

problems with a l l  th ree types of memory. 



CHAPTE R  4 

G EN E RA L  D I SC U S S I O N  A N D  CONC L USIONS 

I nd iv idual stud ies exam in ing memory funct ion ing i n  PO have typ ica l ly had 

_insuff icient stat i st ical power to detect a l l  but  the largest defic its. G iven the 

d iff icu lty in obta i n ing the large PO samples needed to increase stat ist ical power ,  

especial ly for smal l -to-med i um ESs, m eta-analys is may be the most u sefu l 

method for integrat ing the results of ind ividual stud ies .  The cu rrent m eta-ana lyt ic  

f ind ings (chapter 2) demonstrate that theo ret ical ly i mportant recogn it ion memory 

deficits do exist in some nondemented med icated P O  patients, contrary opin ion  

notwithstanding (Brown & Marsden , 1 990) . The resu lts of the present meta­

ana lysis  also ra i sed quest ions about whether  d isease stage, age at onset, 

depression ,  and task d iff icu lty moderate the magn itude of the memory def ic i t .  I n  

add ition ,  another issue that has rece ived l itt l e  attent ion i n  the PO l iterature i s  

whether males and females have s im i lar  m emory def ic its. 

The major f ind ing from the memory study (chapter 3) i s  that recogn it ion ,  reca l l ,  

a nd  prospective memory are al l  affected by  PO ,  and  that the prog ress ion of these 

deficits operates in  para l le l  with the progression of m otor symptoms.  Fu rtherm o re, 

task demands i nteracted with th is f ind ing ,  such that nonverba l recogn it ion defic i ts 

were on ly seen i n  early-stage PO part ic ipants when the task was made more 

d iff icu lt .  Conversely, advanced-stage part ic ipants p roduced defic its i rrespect ive of 

the diff icu lty level .  The para l le l  relat ionsh i p  between memory impairment and 

m otor deficits has been noted before (Owen et a l . ,  1 993) , but the interact ion with 

task diff icu lty appears to be a new f ind ing .  

These combined resu lts are in  l ine with B rown and Marden 's ( 1 990) theory of 

p rocessing resou rces, assum ing that part ic ipants in the advanced stages of P O  

have a reduced level of central processing  resou rces relative to those i n  the 

i 69 
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earl ie r  stages. Thus ,  in contrast to the advanced-stage part ic ipants, the early­

stage part ic ipants' processing  resou rces were not exceeded at the easier leve l of 

the N RMT and so recogn it ion appeared i ntact . However, both subgroups 

exper ienced depleted processing resou rces at the hardest level ,  and so a 

performance deficit was observed . The resu lts are also cons istent with the idea 

that imp l icit memory processes fac i l itate recogn it ion memory (Parkin ,  1 993) . 

Furthermore ,  the degree of fac i l itat ion may depend both on  the diff icu lty of the 

task and on d isease progress ion .  Thus,  in the present study, part ic ipants i n  the 

advanced stages of PO showed recogn it ion defic its regard less of task d ifficu lty. 

There was some evidence that the male and female PO groups' memory def icits 

d iffe red in magn itude,  but these d ifferences were task specif ic. That is, the ma les 

general ly had larger deficits in nonverbal recognit ion and prospect ive memory for 

a quest ion ,  whereas the reverse was true for verbal recogn it ion and reca l l .  

However,  a number of  factors make i t  hard to i nterpret these resu lts . F i rst, the two 

PO g roups d iffered with respect to d isease stage, funct iona l  d isab i l ity, and 

depression . Second,  a cu rsory exam inat ion of the male and female control 

g roups '  data suggests that performance levels were not equ ivalent, and th is 

varied as a funct ion of the measu re used . Fu rthermore, the resu lts of the pr inc ipal 

components analysis showed that males and females have s im i lar levels of 

m emory im pairment, suggest ing that d ifferences detected in the planned 

comparisons may have been spu r ious. 

D i rect comparisons between the male and female PO groups ind icated that the 

females general ly had better nonverba l recogn it ion memory. In add it ion,  they had 

poorer verbal recogn it ion ,  despite the fact that they had better semantic fl uency. 

These d ifferences in recogn it ion are in contrast to previous  research (e. g . ,  Kramer 

et a l . , 1 988) that has genera l ly shown that males perform better on v isual  tasks, 

wh i le  fem ales have better verbal performance. Unfortunately, it is not read i ly 

apparent why the oppos ite resu lt shou ld exist for  the verbal task used here , 

a lthough it cou ld  wel l  be re lated to PD .  For the nonverbal task the poss ib i l ity 

exists that the stimu l i  were actual ly encoded verbal ly, not v isual ly. B ut ,  th is  seems 
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very un l i ke ly because post-test feedback ind icated that most part i c ipants found it 

d iffi cu lt to verbal ize the amorphous st im u l us shapes. The diff icu l ty of c reat ing a 

pu rely visua l  memory task has been the focus of recent research (e . g . , Ead ie & 

Shum ,  1 995; Shum , O'Gorman , & Ead ie ,  1 999) .  

The Shum Visual Learn ing Test (SVL T; Shum et al . ,  1 999) appears to 

successfu l ly overcome the problems assoc iated with past v isual  memory tests. 

The test fol lows a yes-no recogn it ion memory parad igm, with Ch inese characte rs 

as st imu l i .  These st imu l i  were shown to be d ifficu lt to verbal ize in  part ic ipants who 

were not  fam i l ia r  with the Ch inese language ( Eadie & Sh um ,  1 995) .  Neverthe less ,  

Shum et a l .  found no clear d ist inct ion between the performance of  m ales and 

females on the SVL T.  The authors suggested that the ma le advantage for 

v isuospatial tasks found in past research may have been a consequence of m ales 

having greater fam i l iarity with the  sti m u l i .  The unfam i l iarity of the st i m u l i used in 

the SVLT may have precl uded the male advantage found in the past (Shum et a l . ,  

1 999) .  This explanation may a lso account for the lack of a male advantage in  the 

N R MT,  g iven that the stim u l i  were unfam i l ia r  abstract drawings. 

As described in chapter 1 ,  research suggests that nondemented PO part ic ipants 

with in tact execut ive funct ions m ay have visuospatial deficits (e.g . ,  Cron in-Colomb 

& Braun ,  1 997; Moh r et a l . ,  1 990) .  Assum ing ,  then , that the N R MT is  a measu re of 

visua l  memory, it is possible that the observed deficits were actua l ly due to 

d iffi cu lt ies in  visuospat ia l  funct ion i ng .  H owever, two l ines of evidence suggest that 

th is  scenario is  un l i kely. F i rst, the N RMT uses a 2AFC recogn it ion m emory format 

that shou ld serve to m in im ize the visuospat ia l  component. Second, recogn i t ion 

memory deficits were also found us ing the VRMT.  There seems l itt le reason to 

suspect that th is  test of common words wou ld  be affected by visuospatial def ic i ts .  

Therefore, vis uospatial defic its can not adequately account for the deficits 

observed in  recognit ion memory. 

The correlat ion ana lysis supports the re lat ionsh ip between advanc ing d isease 

stage and decl in ing memory funct ion ing .  Fu rthermore, the s ize of the correlat ions 
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i nvo lv ing recogn it ion and reca l l  were s im i lar  to those reported in the l ite ratu re 

(e . g . ,  Cooper et a l . ,  1 992 , 1 993;  Cooper & Sagar, 1 993a; Oewick et a l . ,  1 99 1 ; 

M o h r  et a l . ,  1 989; Su l l ivan et a l . , 1 993) .  I n  the case of depress ion ,  s im i lar  

corre lations to those for d isease stage were found ,  and these were larger than 

what has p reviously been reported (e. g . , Cooper et a l . ,  1 993; Oewick et a l . ,  1 99 1 ; 

S u l l i van et a l . ,  1 993) .  The cor relat ions between age at onset and the memory 

tasks were genera l ly weak and tend to suppo rt the between-groups analys is  that 

i nd icated that age at onset has no cons istent relat ionsh ip with memory 

dysfunct ion .  

L it t le i s  known about the rate of  memory dec l ine in  PO because of  a lack of 

long i tud ina l  studies. In the p resent study, the conceptual rep l ication conducted 

afte r  an approximate 6 m onth interval offered the chance to assess the rate of 

dec l ine over the short-term . If memory dec l ined in the PO g roup over and above 

what was expected due to no rma l  ag ing ,  the ES at the second session wou ld be 

g reater than that observed at the fi rst sess ion .  The present data show no decl i ne 

in  recogn it ion and prospective memory for  an object, fo r any of  the PO subgroups.  

H owever, a l l  subgroups had g reater def icits in recal l  and prospect ive memory for 

a q u est ion at the second session .  These f indings cannot be exp lai ned in  terms of 

changes in ant ipark inson ian m ed icat ion or  funct iona l  d isabi l ity because there was 

no consistent change in these variab les across groups. 

Therefore, over a 6 m onth period, nondemented PO part icipants may have a task­

specif ic decl i ne in memory performance re lat ive to healthy contro ls .  Moreover, the 

dec l i ne occu rred i rrespect ive of gender, d isease stage, affect, and age at onset. 

The dec l i ne was also not a function of task d iff icu l ty because even when the 

nonverbal recogn it ion task was made more d iff icu l t ,  the ESs were genera l ly 

sma l ler at the second sess ion .  

F i na l ly, a l though the recal l  task was not spec ifica l ly designed to be d i rect ly 

com parab le to the recogn it ion tasks, it shou ld be noted that the ES of the reca l l 

def ic i t  was, in  some instances, equal to or  smal ler  than the s ize of the recogn it ion 
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memory deficits .  Th is contrasts with the general ly held view that reca l l  deficits are 

more severe than recogn it ion deficits (see chapter 1 ) .  Th is issue needs to be 

exam ined further  with two tasks equated in  terms of d iff icu lty. 

Limitations and Future Directions 

Like most research , the p resent invest igation faced a n umber of m ethodolog ica l  

·l im itat ions wh ich need to  be  taken into account  when interpret ing the f ind ings .  

Th is  section covers both real and poss ib le  l im itat ions of the cu rrent study and 

d i rect ions for the futu re.  

Wh i le  meta-analysis is not without crit ic ism ,  it has many advantages over 

narrative reviews (see H unter & Schm idt ,  1 990; Copper & Hedges, 1 994) . 

However, any meta-analysis is l im i ted by the avai lab le database. U nfortunately, 

many potent ia l  moderators of the observed recogn it ion impairment cou ld not be 

tested in  the analys is reported in chapter 2 .  This was due in  part to a lack of 

research f ind ings, but also because the a ims of some studies d id n ot necess itate 

provid ing information requ i red for the p resent m eta-analysis .  Potent ia l  m oderators 

inc l ude task variables such as modal ity and de lay, and part ic ipant variables such 

as age at symptom onset , symptom du rat ion , type of motor symptoms ,  and 

depression (e. g . ,  Beatty, 1 992; Karayan id is ,  1 989; Levin et al . ,  1 992 ; Sagar & 

S u l l ivan ,  1 988; Sa int-Cyr & Taylor, 1 993;  Starkste in et a l . ,  1 989) . 

If any sense is to be made of these m oderators, i nvest igators need to cons ider 

publ ish ing s ufficient i nformation to a l low the i r f ind ings to be used i n  futu re m eta­

ana lyses. Moreover, the scope of new m eta-analyses should be increased to 

exam ine a wider range of cognit ive and m otor defic its ,  provid ing a more com plete 

p icture of cogn it ive dec l i ne. On ly then can we p iece together a coherent theory. 

In the pr ima ry level study reported in chapter 3,  the assessment of memory 

decl ine was made over a 6-month per iod .  Although l itt le is known about the rate of 
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memory decl i ne  i n  PD ,  it seems l i kely that an i nterval of 6 months is  too short to 

properly test for a genu ine P D  decl ine .  However, in  th is case , t ime constra ints 

prevented the use of a longer in terva l .  Conversely, an interval of 6 months is a 

relat ively long t ime to assess test- retest re l iabi l ity. 1 0  lt i s  poss ib le that factors, 

such as age, interact with task performance reducing observed rel iab i l i ty. 

The d iagnosis of P D  was , in all but th ree cases, made by a neuro log ist .  

Neverthe less, the accu rate d iagnosis of  P D  is  d iff icu lt (Ca lne et  a l . ,  1 992) .  For 

example, H ughes, Ben-Sh lomo, Dan ie l ,  and Lees ( 1 992) confi rmed at post 

mortem that on ly 76% of pat ients, who had previously been d iagnosed by a 

neuro log ist or  ger iatr ic ian ,  actua l ly  had P D .  Therefore, it is poss ib le that in  the 

present study some part icipants d id not have id iopathic PD. Unfortunately, there 

is no  way to determ ine to what extent th is  wou ld have affected the resu lts. 

Nevertheless, a n um ber  of procedu res were fol lowed to l im it the impact of th is 

issue .  F i rst ,  exc lus ion criteria were used to l im it the number of part ic ipants with a 

condit ion other than id iopath ic PD from tak i ng  part .  For instance, those who 

reported any other  neu rolog ical impa i rment  or a poor response to 

ant iparkinson ian med ication were excluded. In add it ion , an i ndependent 

d iagnost ic assessment was made using Calne et a l . ' s  ( 1 992) categories of 

d iagnos is .  The resu lts of this showed that al l  but one part ic ipant cou ld  be 

categorized as having  c l in ica l ly defin ite or c l i n ical ly probable i d iopath ic PD .  

Part ic i pants were also excluded from the analysi s  i f  they showed s igns of 

dement ia. The meta-ana lysis c learly showed that dement ia moderates the 

recogn it ion memory deficit found i n  past research . Therefore, the s ize of the 

recogn it ion defic its reported i n  chapter 3 wou ld be inflated if part ic ipants with 

dement ia were inc luded. However, fo r a n u m ber of reasons it is un l i kely that th is 

occu rred . F i rst, cogn it ive status was assessed with the a id of the OMCT, wh ich 

has previous ly been shown to have good re l iab i l ity and va l id ity (Katzman et a l . ,  

1 983). Second ,  t he  nature of t he  tasks emp loyed make it un l i kely that a part ic ipant 

with dementia cou l d  have completed the re latively demand ing test ing session . 

1 0  lt should be noted that at least one psychological text (Coolican, 1 999) uses 6 months as an 
example of a test-retest interval .  
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The p resent study focused on whether task d iff icu lty moderated recogn i t ion 

memory defic its i n  PD .  The success in answering th is  quest ion depended la rge ly 

on how wel l  the task d iff icu lty factor was m an ipu lated . P i lot work i nd icated that 

th is factor was effect ive at the d iff icu lty levels used . However, in  the m a in  study,  

the d i ff icu lty factor was not cons istent ly effect ive when the resu lts were ana lysed 

as a funct ion of gender. This problem com p l i cated the interpretat ion of the resu lts .  

For i nstance, for the fem ale PO group,  performance at  the more d iffi cu l t  level was 

nearly equ iva lent to  that observed at the eas ier  leve l .  Had man ipu lat ion  of the 

:d iffi cu lty factor been stronger, i t  is poss ib le that greater def ic its wou ld have been 

seen at the more d iff i cu lt level of the task. Another l im itat ion concern i ng  task 

d iffi cu lty is that th is factor was on ly man ipu lated i n  the nonverbal recogn i t ion task. 

Thu s ,  any conc l us ion about increasing task demands is restricted to the 

nonverbal moda l ity. I nterest ing ly, performance deficits were found i n  the P O  

part i c ipants us ing the verbal recogn i t ion task, even though th is task was seen to 

be cons iderably easier than the nonverbal task. l t  i s  poss ib le that a st i l l  g reater 

def ic i t  in verbal recogn it ion wou ld have been detected had the task been m ore 

d iffic u lt . However, whether th is  is true or not awaits further study. 

The way in wh ich the confidence rat ings data were col lected proved to be another 

wea kness in the present study. l t  w i l l  be recal led that part icipants were asked to 

rate their conf idence in each response d u ri ng  the recognit ion memory phase of 

both the nonverbal  and the verbal recogn it ion memory tasks . I f  a part ic ipant d id  

not respond w i th in  6 s the next tr ia l  began .  P i lot test ing ind icated that a 6-s 

i nterval was suff ic ient for part icipants to m ake a response. However, in  actua l ity, 

many part ic ipants fai led to respond du r ing th i s  t ime creat ing m iss ing  data. An 

analys is of these data ind icated that important d ifferences in conf idence rat i ngs 

exi sted between those part ic ipants with m iss ing data and those without m i ss ing 

data .  Furthermore ,  the percentage of  partic ipants with m issing data varied as a 

funct ion of group  and gender. Therefore, the confidence rat ings cou l d  not be 

analysed fu rther. Fortunately, the conf idence data were not an integral part of the 

study, but  may have provided interest i ng  i nformat ion . The lessons to be learned 
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are that (a) i t is worthwh i le to do extensive checking before beg inn ing  the ma in  

study, and (b )  PO  part ic ipants can be very s low i n  making decis ions .  

The analyses of  depress ion , age at  onset ,  and d isease stage invo lved 

categoriz ing the PO part ic ipants into two g roups based on these var iables. The 

accu racy of  these categories therefore depends on the re l iab i l ity and val id ity of  

these data. P revious research has conf i rmed that the GOS has good re l iab i l i ty 

and val i d ity, so it seems reasonable to s uggest that the depress ion categories are 

suffic ient ly accu rate for the pu rposes of the p resent study. H owever,  the age at 

onset data were col lected by ask ing each part ic ipant to date the onset of the i r  f i rst 

symptom .  Although it was imposs ib le to independently verify th is  i nformat ion , in 

many cases a part ic ipant's spouse was ab le to confi rm the date of onset. I n  

addit ion , as  a f u rther attempt t o  improve the accu racy of these data,  t h i s  quest ion 

was asked at both sessions and the average was used in  the analys is .  The data 

ind icate reasonably consistent answers; o n ly 1 3% of part ic ipants produced a 

d iscrepancy of m ore than fou r  years, and the correlat ion between T ime 1 and 

Time 2 was h igh (r = . 82) .  The present data compare we l l  w ith those of a previous 

study exam in ing the re l iab i l ity of symptom onset assessment in PO ( R ichards,  

Marder, Cote,  & Mayeux, 1 994) . 

I n  the case of d isease stage, part icipants were class ified according to the i r  H& Y 

rat ing .  The H& Y has been used extensive ly  in  the PO  l ite ratu re and has the 

advantage of being  relatively easy to apply .  The H& Y has a lso been s hown to 

have "substant ia l" i n terobserver re l iab i l ity (Gem i n ian i  et a l . , 1 99 1  ) .  However, in 

the present study no  independent assessm ent of the severity of motor symptoms 

was m ade and so the data can not  be verif ied . Taylor et a l .  ( 1 986, 1 987,  1 990) 

used a m easure of manual speed and dexter ity (the Purdue Pegboard) to 

meas u re severity, and th is approach cou ld  h ave been used here. However, 

regard less of the m easure used, one diff icu l ty in rat ing disease stage or severity 

concerns the f luct uat ions in motor sym ptom s  com mon ly seen in PO (O ianow & 

Kol ler ,  1 998) . The H &  Y was developed before the s ide-effects of long-term drug 

therapy were known ; the scale provides no  assessment of motor f luctuat ions or 
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adverse react ions to therapy. However ,  one advantage of the H& Y for the p resent 

pu rposes was that it is relat ive ly i nsensit ive to "change that is less than m ajor" 

(D iamond & Markham , 1 983 , p. 1 098) .  Therefore, f luctuations in therapeut ic 

response were less l i kely to resu lt in m isclass ificat ion of the PO part ic ipants than 

if a m ore sensit ive scale had been used . Add it ional ly, participants were tested at 

the i r t ime of opt imal therapeutic response to m in im ize problems caused by drug 

induced side-effects . 

l n  s u m m ary, although the present study had several l im itat ions, there is  n o  reason 

to suspect that inva l id or  u n re l iable classif icat ion of depression, age at onset , and 

d isease stage was responsib le for  the resu lts found .  However, further  stud ies are 

needed to support these find ings , especia l ly long i tud ina l  analyses of  memory 

dec l i ne  in  PO ,  beg inn ing in the earl iest stage of th is  d isorder and end ing in  the 

last stage. 

Another  l im itat ion of the present study concerned the tasks used to m easure 

prospective memory. The test- retest analys is  ind icated poor external  re l iab i l ity, 

wh ich may stem from the design of the tasks. For instance, the task i nvo lv ing a 

question used a d ifferent quest ion at the second session , whereas the object task 

requ i red the participant to choose the object to be remembered, and so there was 

n o  control over task consistency. These factors may have reduced the rel iab i l ity of 

the tasks, and m ay expla in some of the incons istent resu lts. C learly, the des ign 

p roblems h igh l ighted here need to be add ressed before select ing a p rospect ive 

m emory task. However, prospective memory is important in the dai ly l ives of 

people with PO ,  and fu rther research on th is  interest ing memory type is u rgent ly 

requ i red. 

I n  retrospect, the p lanned comparison approach taken here to examine the 

in f luence of moderators may have been conducted with other stat ist ical 

techn iques, such as mu lt ip le regression . H owever, such an approach wou ld  be 

com p l icated by the time factor. That is ,  d isease stage and depression were 

m easu red both at Time 1 and at Time 2 ,  and so the g roups d iffered s l ight ly at 
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each t ime.  Fu rthermore, d ifferences between the two age at onset PO subgroups 

with respect to current age necess itated m atch ing each group to a d ifferent 

subgroup of controls. Thus ,  separate contrasts made at each t ime were needed. 

In add it ion , the approach taken proved usefu l for other reasons: (a) it revea led 

incons istenc ies between the resu lts of the  two testing sessions, h igh l ight ing the 

prob lems of  poss ib le random error; (b )  i t  p rovided an assessment of  short-term 

memory dec l ine ;  and (c) it revealed the i nadequac ies of using stat ist ical 

s ign if icant test i ng  (see below) . 

Statistical Significance Testing 

As described i n  chapter 2, the use of stat ist ical s ign ificance test ing  has been 

crit ic ized on a n umber of grounds for many years now. One problem with 

s ign if icance test ing occu rs when a stat ist ica l ly s ign ificant resu lt is  taken as 

evidence of an im portant effect, and nons ign if icance is taken as evidence of n o  

effect . However,  stat ist ical  s ign if icance depends on the magn itude of the effect 

and sam p l ing error (Carver, 1 993) .  Therefore, in situat ions of low stat ist ical power 

an im portant effect may be "nonsign if icant" ,  whereas in s i tuat ions of h igh 

stat ist ical power a tr iv ia l  effect may be "s ign ificant . "  Moreover, a nonsign if icant 

f ind ing can on ly be in terpreted when stat ist ical power is adequate. Even then , 

stat i st ica l  s ign if icance te l ls  us n oth ing about the s ize of the effect . To i l l ustrate 

these points ,  selected resu lts from the meta-analys is (chapter 2) and recognit ion 

memory study (chapter 3) are presented be low. 

The m eta-analys i s  revealed that demented PO part icipants suffer from a large (d  

= 1 .30, 1 . 30- 1 . 30) recogn it ion memory def ic i t .  Had sign if icance test ing been 

used, th is wou ld have been described as a statist ica l ly s ign if icant effect, t( 1 29) = 

7 .26 ,  p < . 00 1 . As wel l ,  there was evidence that nondemented , med icated PO 

part ic ipants suffer from a smal l  ( d  = . 23 ,  .23- .23) and stat ist ical ly s ign if icant ,  

t(674) = 2 .87, p = . 002, recogn it ion memory defic i t .  In contrast , there was l i tt le 

evidence that nondemented, de novo PO part ic ipants had impai red recogn it ion 

memory (d = .05 ,  . 05- .05 ) .  This effect was nons ign if icant, t(363) = . 38 ,  p = .35.  
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However, in th is case there was on ly  48% power to detect a smal l  effect ( d  = . 20 ;  

Cohen , 1 988) . Without the est imate of  ES,  the s ign ificance test resu lt i s  

amb iguous  because i t  may m ean that either (a) there is  no memory defic it ,  or  (b) 

the re is  a deficit but the test was j ust  not sensit ive enough to detect it ( Fag ley, 

1 985) . 

Tab le  35 presents a summary of the resu lts taken from the d isease stage 

ana lys is. The purpose of the table is to faci l itate a com parison of the s ign if icance 

leve ls versus the ESs. If the data a re interpreted solely on the basis of the 

t rad i t iona l  crit ical p val ue of 0 .05 ,  it would be concluded that early PO part ic ipants 

do not have consistent recogn it ion m emory deficits, whereas the advanced 

part ic ipants have a cons istent defic i t  on ly in verbal recogn i t ion .  However,  i f  

interpretation is based on ES and the associated confidence i nterval ,  i t  m ay be 

concl uded that early part ic ipants have consistent defic its both in verbal 

recogn it ion and in  nonverbal recogn it ion ,  but on ly when the task is mo re d iff icu l t .  

In  add it ion ,  part ici pants in the advanced stages of PO have consistent  defic its 

both in verbal and in nonverbal recogn it ion , regardless of task d ifficu l ty. O ne of 

the p roblems of relying solely on s ign if icance test ing is  very clear from the data in  

Tab le  35:  Smal l  to  med ium ESs frequently do not  reach s ign if icance, not because 

Table 35 Significance Levels Versus Effect Sizes for the Recognition Memory 
Tasks a s  a Function of Time for the Comparisons Involving the Early-Stage 
Parkinson 's Disease (Early PO), the Advanced-Stage Parkinson 's Disea se 
{Advanced PO), and the Healthy Control Groups 

Earl:t PDa Advanced PO 

p d 95% CI  p d 95% CI  

N RMT-H 
Time 1 .03 .65 . 1 5-1 . 1 6  .02 .62 .08-1 . 1 7  
T ime 2 .44 .20 - .30- .69 .20 .40 - . 1 4- . 93 

N R MT-E 
Time 1 .67 . 1 1 - .38- .60 .001 1 .03 .46- 1 .59 
Time 2 .95 .02 - .47- .51  . 1 3  .44 - .09- .98 

VRMT 
Time 1 .09 .44 - .06- .94 .02 .66 . 1 2- 1 .21  
T ime 2 .08 .46 -. 03- .96 .03 .65 . 1  0- 1 . 1 9  

Note. p = Alpha level ;  d = ES statistic (Cohen, 1 988) ; 95% Cl = 95% confidence i nterval for d; 
N RM T  = Nonverbal Recognition Memory Task; VRMT = Verbal Recogn ition Memory Task. 
an = 25 PO, 41 HC. bn = 1 6  PO, 41 HC.  
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the ES is zero but because the power to detect these ESs is not sufficient. 

In both the meta-analysis and the recogn it ion m emory study, the use of ES 

est imates and confidence i ntervals p rovide a more accu rate p ictu re of the memory 

im pairment i n  PO than the use of s ign if icance test ing alone. As i l l ust rated above, 

d ifferent conc lus ions wou ld have been d rawn had s ign ificance test ing been used 

exc lus ive ly. In the pr imary study, the on ly cons istent stat istica l ly s ign ificant resu lts 

wou ld have invo lved : recal l  in PO males and i n  PO females ,  verbal recogn it ion 

memory and recal l  in  the advanced-stage PO g roup ,  recal l  i n  the early-stage P O  

g roup ,  verbal recogn it ion memory a n d  recal l  i n  t h e  depressed PO group, reca l l  i n  

t he  nondepressed PO group ,  and  reca l l  i n  t he  late-onset PO group.  G iven the s ize 

of the sam p le, stat ist ical power wou ld have been poor, thus a l l  other  

nons ign ificant f ind ings wou ld have been ambiguous .  What sample s ize wou ld be 

needed to increase power to the convent ional  80% leve l ,  assum ing a smal l  ES? I n  

o rder  t o  detect smal l  effects at the 0 .05 level of s ign if icance, a total sample s ize of 

788 part ic ipants wou ld be needed!  C learly, the resou rces requ i red to ach ieve 

such a large sample s ize are beyond m ost researchers. The use of ES est imates 

and confidence intervals is a good alternative in i nd iv idual  stud ies. Unfortunately, 

m ost prev ious research has d rawn conc l us ions about effects based on 

s ign if icance tests alone. Therefore, mak ing comparisons between the present and 

p revious stud ies would have been d iff icu lt without  fi rst calcu lat ing the ESs. 

Thesis Conclusion 

I n  genera l ,  the resu lts p resented in chapters 2 and 3 support the view that 

recogn it ion memory deficits do occu r in  PD .  The power analys is demonstrated 

that past research in th is area has not had suff ic ient stat ist ical power to detect 

sma l l ,  but theoretica l ly important def ic its . The meta-analysis revealed the 

potent ia l  moderat ing effect of sym ptom severity; advanced stage (medicated) 

nondemented PO part ic ipants p roduced sma l l  recogn it ion memory deficits , 
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whereas early stage ( de novo) part icipants do not. The resu lts of the  recogn it ion 

m emory study support th is  view, and h igh l ight the need to cons ider task d ifficu lty. 

Th us,  the s imple theo ry that parkinson ians have l i tt le  or  no d iff icu lty encod ing new 

information ( intact recogn it ion system) wh i le having problems with info rmat ion 

retrieval (fau lty recal l  system ; Ruberg & Ag id ,  1 988) ,  needs modif icat ion .  In fact , 

recent research suggests that d iffe rent aspects of both retr ieva l and encoding 

may be at r isk in PO ( Fag l ion i  et  a l . ,  1 997) . Thus ,  a general theory of cogn i t ive 

dysfunction in PD m ust take into account not on ly that a recogn it ion defic it does 

occu r  in th is neurodegenerative d isorder, but that th is deficit may g row with 

d isease severity and task d iff icu lty. 

The present resu lts can be exp la ined by B rown and Marsden 's  ( 1 990) theory of 

p rocess ing resou rces.  With respect to the advanced stage PD part ic ipants ,  i t is  

poss ib le that the tasks used here, regardless of d iff icu lty, exceeded these 

part ic ipants' central  p rocess ing resou rces. On the other hand,  the ear ly stage 

part ic ipants general ly showed less impairment ,  presumably because the i r  i n it ia l  

level of  p rocess ing resou rces was g reater than that of  the advanced part ic ipants. 

Moreover ,  the early stage part icipants showed some evidence of a nonverbal 

recogn it ion deficit on the more diff icu l t  leve l of the task, but not on the eas ier 

leve l .  l t  is  poss ible that in  these part ic ipants on ly the more d iff icu lt leve l exceeded 

the i r  cent ral  processi ng  resou rces. These resu lts also provide some support for 

Weingartner  et a l . ' s  ( 1 984) effortfu lness/automat ic d ist inction , and Breen's ( 1 993) 

view that the dissociat ion between recal l  and recogn it ion memory may s imply be 

an art ifact of task diff icu lty. 

Other factors may also be invo lved in the apparent d issociat ion between reca l l  

and  recognit ion .  Fo r  instance, performance on recogn it ion memory tasks may be 

faci l itated by perceptua l  imp l ic it p rocesses that remain intact in PD .  l t  is  possi b le 

that as task d ifficu lty increases PO part icipants a re less able to take advantage of 

these perceptual f luency cues. l t  i s  equal ly poss ib le that the abi l ity to use these 

perceptua l  cues is part ly determ ined by disease stage. Hence, part ic ipants i n  the 
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advanced stages of PO produce recogn it ion memory deficits regardless of task 

d ifficu lty. 

F ina l ly, the research p resented here shou ld  serve to h igh l ight the danger of 

rely ing on the stat i st ical s ign ificance of i nd iv idua l  f indings as a method for 

assess ing the existence of cogn itive deficits in PD .  Smal l-sample studies have 

wel l -known methodological problems,  espec ia l ly with respect to sam pl ing error ,  

wh ich may lead to e rror in the statist ical  s ign if icance test. Fortunately, when 

assess ing an ind ividua l  study an alternative exists ; that is, point estimates of ES  

and  confidence interva ls .  The resu lts of many iso lated stud ies, usual ly lacking 

suff ic ient stat ist ical power, can then be i ntegrated us ing meta-analys is. S uch an 

approach p rovides a more re l iable est imate of the popu lat ion effect and the 

degree of certai nty associated with th is est imate. 
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Tab le C 1 Description of Studies Included in M eta-analysis: Parkinson 's Disease 
(PO) and Control Samples 

Study Sample Description Age M/F H&Y 
(Years) Stage 

Appol lon io et a l . ,  Control Spouses of PD sample or 62.4 5/7 N/A 
1 994 paid part icipants matched 

for age, gender and 
educational level 

NPD Id iopath ic  PO, none met the 57.2 6/7 N R  6.25 
MDRS criteria for dementia, 
but had B D I  criteria for 
elevated depression ; mostly 
medicated 

DPD Idiopath ic  PO, a l l  met the 62.4 5/0 N R  5 .75 
MDRS criteria for dementia, 
none met the BDI c riteria for 
depression; mostly 
medicated 

Bondi et a l . ,  Control No information g iven other 69.3 7/1 2  N/A N/A 
1 993 than matched for age, 

est imated premorbid 
intel l igence and education 
level 

NPD Id iopath ic PD, none met the 67.3 1 3/7 1 = 5 8 .00 
mod ified Hachinski criteria 1 1  = 9 (median) 
for dementia , or the HORS I l l = 5 
for depression ;  al l  IV = 0 
medicated V = O  

Breen,  1 993 Control Spouses of PD sample 64.5 6/9 N/A N/A 
matched approximately for 
educational and socio-
economic level 

NPD None met self-report criteria 64.8 9/6 NR 8.80 
for dementia or depression ;  
a l l  medicated 

Cooper et al . ,  Control Spouses of PD sample and 59.1 24/21 N/A N/A 
1 993 volunteers matched for age 

and gender 
NPD Newly d iagnosed PO, none 58.6 39/37 NR 1 .40 
De novo met DSM- 1 1 1  criteria for 

dement ia ,  but some met 
BDS criteria for dementia, 
and BDI c riteria for 
depression ;  de novo 

NPD Chronical ly med icated PD ,  62.0 1 7/5 N R  7.60 
Medicated none met DSM- 1 1 1  criteria for 

dementia, but some met 
BDS criteria for dementia, 
and BD !  c riteria for 
depression; all medicated 

Cron i n-Golomb Control Spouses and other 66.9 29/1 0 N/A N/A 
& Braun ,  1 997 volunteers matched for age 

and education level 
(table continues) 
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Table C 1 (continued2 
Study Sample Description Age M/F H&Y 

(Years) Stage 

NPD Id iopathic PO, none met 67.4 1 7/33 1 = 9 
BDS criteria for dementia , or 1 1 = 29 

' 801/DSM criteria for I l l = 7 
depression ; al l medicated I V = 5 

V = O  
Dewick et al . ,  Control No information given other 70.9 9/1 2  N/A N/A 
1 991 than matched for education 

leve l ,  age, MMSE,  verbal 
abil ity, and premorbid 
i ntel l igence 

NPD Id iopathic PO,  none met 72.9 1 0/9 1 = 2 4 .60 
MMSE criteria for dementia, 1 1 = 6 
but some met GDS criteria I l l = 8 
for depression; al l  but one IV = 2 
medicated V =  1 

Flowers et al . ,  Control Spouses of the PO sample 61 . 1  24/20 N/A N/A 
1 984 and patients with peripheral 

nerve or spinal cord 
affl ict ions and local 
volunteers matched for age, 
occupation and background 

PO All medicated 62 . 5 28/1 6 NR 1 -33 
Gabrieli et a l . ,  Control Hospital volunteers, 55.5  2/8 N/A N/A 
1 996 commun ity volunteers, and 

staff members matched for 
age, education, and MMSE 
scores 

NPD None met MMSE criteria for 60. 1 6/4 1 = 0 2 .9  
dementia; de novo 1 1  = 9 

I l l = 1 
IV = 0 
V = O  

Heindel et a l . ,  Control Spouses of the PO sample 71 .3 2/1 0 N/A N/A 
1 989 or paid participants obtained 

through newspaper 
advert isements 

NPD Id iopathic PO, none met 62.7 7/2 NR 1 1 .00 
DRS criteria for dementia; 
a l l  medicated 

DPD Id iopathic PO ,  al l  met DRS 72.4 8/0 NR 6.40 
criteria for dement ia ;  a l l  
medicated 

Helkala et a l . ,  Control Relatives of staff members 68.0 5/1 8  N/A N/A 
1 989 and other patients matched 

for age 
DPD Id iopath ic PO, al l  met the 70.0 1 1 /7 1 = 0 NR 

COR criteria for dement ia 1 1  = 2 
I l l  = 2  

IV = 1 4  
V = O 

Huber et al . ,  Control Main ly spouses of the PO NR NR N/A N/A 
1 987 sample 

NPD Id iopathic PO ,  none met the NR NR NR NR 
criteria for dementia ; a l l  
medicated 

(table continues) 
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Table C 1 (continued2 
Study Sample Description Age M/F H&Y 

(Years) Stage 

Lees & Smith, Control Hospital inpatients mainly 53.6 1 7/1 3 N/A 
1 983 wait ing for elective surgery 

for prolapsed intervertebral 
discs or carpal tunnel 
syndrome 

N PD Id iopathic PD ,  none met the 58.7 1 9/1 1 1 = 1 2 2 .4  
Hachinski Ischaemia score 1 1  = 1 3  
criteria for dementia, o r  the I l l = 5 
Zung scale criteria for IV = 0 
depression; de novo V = O  

Litvan et al . , Control No information given other 66 .0 6/5 N/A N/A 
1 991  than matched for age,  and 

education level 
DPD Idiopathic PD,  a l l  met DSM- 69.0 1 0/1 NR 1 3  

I I I R  criteria for dementia ; a l l  
but one medicated 

Mass man et al . ,  Control Recruited from the 53 .2 1 3/6 N/A N/A 
1 990 community with comparable 

age and education level 
PD Idiopath ic PD;  all medicated 57.5  1 0/9 I =  5 6 .3 

1 1  = 4 
I l l = 5 
IV = 5 
V = O  

Owen et al . ,  Control No information g iven other 60.8 NR N/A N/A 
1 992 than matched for age and 

premorbid verbal IQ 
N PD Idiopath ic PD; de novo 55.7 NR 1 = 3 1 .50 
De novo 1 1  = 1 0  

I l l = 2 
IV = 0 
V = O  

N PD Idiopathic PD, none met the 58.9 NR 1 = 3 7 . 1 0 
Medicated MMSE or KOL T criteria for 1 1  = 1 2  
M i ld dementia, but some met the I l l = 0 

GDS criteria for depression ;  IV = 0 
al l  medicated V = O  

N PD Id iopathic PD ,  none met the 65.9 NR I =  0 1 0.20 
Medicated MMSE or KOL T criteria for 1 1  = 0 
Severe dementia, but some met the I l l = 8 

GDS criteria for depression;  IV = 6 
al l  medicated V = O  

Owen et al . ,  Control No information given other 65.6 2 1 /21 N/A N/A 
1 993 than matched for age and 

premorbid verbal IQ 
N PD Id iopathic PD;  de novo 61 .4 1 1 /7 I =  9 1 .75 
De novo 1 1 = 7  

I l l = 2 
IV = 0 
V = O  

N PD Idiopathic PD ,  none met the 63.3 7/4 I =  2 9 .73 
Medicated MMSE or KOL T criteria for 1 1 = 9  
M i ld dementia,  but some met the I l l = 0 

GDS criteria for depression; IV = 0 
al l  medicated V = O  

(table continues} 
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Table C 1  (continued2 
Study Sample Description Age M/F H&Y 

(Years) Stage 

NPD Id iopathic PO, none met the 66.5 8/5 1 = 0 
Medicated MMSE or KOL T criteria for 1 1  = 0 
Severe dementia, but some met the I l l = 7 

GDS criteria for depression ;  IV = 6 
al l  medicated V = O  

Sagar et al . ,  Control No information g iven other 63. 1  7/8 N/A N/A 
1 988 than matched for age and 

years of education 
PO Only three met the DSM - 1 1 1  62.5 1 3/2 N R  6.00 

criteria for dementia; a l l  
were medicated 

·Sahakian et a l . ,  Control Volunteers d rawn from the 61 .9 NR N/A N/A 
1 988 community matched for age 

and verbal I Q  
NPD Idiopathic PO ,  none were 61 .3 8/5 1 = 7 1 .7 
De novo d iagnosed as demented ; de 1 1 = 4  

novo I l l = 2 
IV  = 0  
V = O  

Control Volunteers d rawn from the 65.1 NR N/A N/A 
community matched for age 
and verbal I Q  

NPD Id iopathic PO ,  none were 64.2 8/6 1 = 2 7.6 
Medicated d iagnosed as demented; al l  1 1  = 3 

medicated I l l = 9 
IV = 0 
V = O  

Su l l ivan & Controls All controls had also 63. 1  7/8 N/A N/A 
Sagar, 1 989 participated in an earlier 

study (Sagar et al . , 1 988) . 
PO All of the PO sample had 64. 1  1 2/2 I =  1 5 .9 

also participated in  an I I - IV = 1 3  
earlier study (Sagar et al . ,  
1 988) . Only one from that 
study could not participate in 
this study 

Taylor et a l . ,  Control Relatives of the PO sample 60.8 2 1 /1 9 N/A N/A 
1 986 or drawn through the 

Canadian PO Foundation 
matched for age, education ,  
and verbal I Q  

NPD Idiopathic PO ,  none were 60.5 25/1 5 1 = 1 0 6 .62 
demented; al l  except 1 2  1 1  = 1 3  
were medicated I l l = 1 4  

IV = 3 
V = O  

Taylor et al . , Control Volunteers matched for age, 62.4 NR N/A N/A 
1 987 educat ion , and premorbid IQ 

NPD Idiopathic PO,  none met 61 . 1  NR 1 = 7 2 . 1  
D e  novo cl inical or  1 1  = 2  

neuropsycholog ical criteria I l l = 0 
for dementia; de novo IV = 0 

V = O 

(table continues) 
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Table C 1  (continued) 
Study Sample Description Age M/F H&Y 

(Years) Stage 

NPD Id iopathic PO,  none met 62 . 0  NR I =  7 
Good cl in ical or  1 1  = 2 
response to neuropsychological criteria I l l = 0 
treatment for dementia ; al l  medicated IV = 0 

V = O  
N PD Id iopathic PO, none met 61 . 1  NR I =  7 1 3 .8 
Fluctuations cl in ical or  1 1  = 2 
and neuropsycholog ical criteria I l l = 0 
abnormal for dementia; al l  medicated IV = 0 
involuntary V = O  
movements 
NPD Id iopathic PO,  none met 61 .2 NR I =  7 8.0 
Poor cl in ica l or  1 1  = 2 
response to neuropsychological criteria I l l  = 0 
treatment for dementia; al l  medicated IV = 0 

V = O  
Tierney et a l . ,  Control No information given ,  but 75.4 1 6/22 N/A N/A 
1 994 age is comparable to the PO 

sample 
DPD Al l  met the N I NCDS-AD- 72.5 1 1 /1 NR NR 

RDA Workgroup and the 
DSM- 1 1 1  criteria for dementia 

Note. NPD = nondemented Parkinson's d isease; DPD = demented Parkinson's disease; PO = 
unselected Parkinson 's d isease; De novo = never received antiparkinson ian medication; 
Med icated = currently receiving antiparkinsonian med icat ion ;  Mi ld = mi ld disease severity; 
Severe = severe disease severity; M/F = number of male/female partic ipants; H& Y Stage = 
Hoehn & Yahr staging of d isease severity (Roman numerals indicate stage, Arabic numbers 
ind icate the number of participants) ; N/ A =  not appropriate; N R  = data not reported; Exclusion 
criteria = criteria used by each study to exclude partic ipants from the sample. 
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Tab le C2 Description of Studies Included in Meta -analysis: Recognition Task and 
Effect Size 

Study PO Task Type Meas Mod N d 
Sa m le 

Appol lonio et a l . ,  N PO Word Fragment 20 yes- no H - FA V 25 .60 
1 994 Completion Test (1 0 distractors) 

(recognit ion) 
OPD Word Fragment 20 yes-no H - FA V 1 7  1 .54 

Completion Test (1 0 d istractors) 
(recognit ion) 

Bond i et al . ,  1 993 N PD Verbal Continuous- 48, 2AFC PC V 38 1 . 1 0  
Recognit ion-
Memory Task 

Breen, 1 993 N P O  Word list l earning 1 20, yes-no H - FA V 30 .00 
(60 distractors) 

· Cooper et al . ,  N PO Verbal Temporal 5 ,  2AFC PC V 1 21 .00 
1 993 De novo Ordering (content 

recognit ion :  
averaged across all 
stimulus-test 
intervals) 

N PD Verbal Temporal 5, 2AFC PC V 67 . 3 1  
Med Ordering (content 

recognition :  
averaged across all 
stimulus-test 
intervals) 

Cro n in-Golomb & N P D  Randt Memory Test 7 ,  4AFC PC V 77 .00 
Braun ,  1 997 (story subtest-

immediate 
recognition )  
Randt Memory Test 7 ,  4AFC PC V 82 .00 
(story subtest-
delayed 
recognition) 

Oewick et al . ,  N PD Warrington 50, 2AFC PC V 40 .22 
1 99 1  Recognition 

Memory Test 
(words) 
Words & N umbers 24, yes-no d' V 39 .30 
Verbal Recogn ition (1 2 d istractors) 
Memory Test 
( immediate 
recognition )  
Words & N umbers 24, yes-no d' V 39 . 1 7  
Verbal Recognition ( 1 2 distractors) 
Memory Test 
(delayed 
recognition) 

Flowers et al . ,  P O  Object test 1 6, SAFC PC V 98 . 1 7  
1 984 (immediate 

recognition )  
Object test 1 6 , SAFC PC V 98 .24 
(delayed 
recognition) 
H istogram test 8, 2AFC PC NV 88 .07 
( immediate 
recognition)  

(table continues) 
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Table C2 (continued2 
Study PO Task Type Me as Mod N d 

Sam le 
H istogram test 8, 2AFC PC NV 88 .21  
(delayed 
recognition) 
Words & numbers 1 2  yes-no d' V 99 . 33 
test (6 distracters) 
( immediate 
recognition)  
Words & numbers · 1 2  yes-no d' V 99 .27 
test (6 distracters) 
(delayed 
recognition) 
Abstract art test 1 0  yes-no d" NV 69 . 1 6  
( immediate (5 d istracters) 
recognition)  
Abstract art test 1 0  yes-no d' NV 69 .38 
(delayed (5 d istracters) 
recognition) 

Gabriel i  et a l . ,  NPD Word-list task 24, 2AFC PC V 20 .54 
1 996 ( 1 2  d istracters) 
He indel et al . , NPD Word-list learn ing 1 0, 2AFC PC V 21 .00 
1 989 

DPD Word-list learn ing 1 0, 2AFC PC V 20 .00 
H elkala et a l . ,  DPD Shopping-l ist word 20, yes-no R V 41 1 .74 
1 989 learning ( 1  0 distracters) 
H uber et a l . ,  1 987 NPD Word- l ist learn ing 24,  3-AFC PC V 1 6  .25 

Lees & Smith ,  NPD Warrington 50, 2AFC PC V 60 .06 
1 983 recognit ion memory 

test 
Litvan et al . ,  1 991  DPD RAVLT n, 4AFC PC V 22 1 .40 
Mass man et al . ,  PD California Verbal 44, yes-no D V 38 1 .06 
1 990 Learning Test- (28 distracters) 

recognit ion 
Owen et a l . ,  1 992 N PD Cambridge 24, 2AFC PC NV 59 .06 

De novo Neuropsychological 
Test Automated 
Battery-pattern 
recognit ion 

NPD Cambridge 24, 2AFC PC NV 59 . 1 9  
Med Neuropsychological 
Mi ld Test Automated 

Battery-pattern 
recognit ion 

NPD Cambridge 24, 2AFC PC NV 58 .56 
Med Neuropsychological 
Severe Test Automated 

Battery-pattern 
recognit ion 

Owen et a l . ,  1 993 NPD Cambridge 24, 2AFC PC NV 60 .00 
De novo Neuropsychological 

Test Automated 
Battery-pattern 
recognition 

(table continues) 



Appendix C 

Table C2 (continued) 
Study PO 

Sam le 
Task Type Meas Mod N 

231 

d 

NPD Cambridge 24, 2AFC PC NV 53 .00 
Med Neuropsychological 
M i ld Test Automated 

Battery-pattern 
recognit ion 

N PD Cambridge 24, 2AFC PC NV 55 . 00 
Med Neuropsychological 
Severe Test Automated 

Battery-pattern 
recogn it ion 

Sagar et al . ,  1 988 PO Verbal Temporal 45, 2AFC PC V 
Ordering Test 

30 .67 

Sahakian et al . ,  N PD Cambridge 24, 2AFC PC NV 26 .00 
1 988 De novo Neuropsychological 

Test Automated 
Battery-pattern 
recognit ion 

N PD Cambridge 24, 2AFC PC NV 28 1 .44 
Med Neuropsychological 

Test Automated 
Battery-pattern 
recogn it ion 

Sul l ivan & Sagar, PO Nonverbal 45, 2AFC PC NV 29 .86 
1 989 Same Temporal Ordering 

sample Test 
as Sagar 
et a l . ,  
1 988 

Taylor et al . , 1 986 N P D  RAVLT 30, yes-no H - FA V 
( 1 5 distracters) 

80 .26 

Taylor et al . , 1 987 N PD RAVLT 30, yes- no H - FA V 
De novo (1 5 d istracters) 
N PDa RAVLT 30, yes-no H - FA V 

(1 5 distracters) 
N PDb RAVLT 30, yes-no H - FA V 

( 1 5 d istracters) 
N PDc RAVLT 30, yes- no H - FA V 

( 1 5 distracters) 

1 8  0 

1 8  0 

1 8  0 

1 8  0 

Tierney et a l . ,  DPD RAVLT 30, yes-no 0 V 50 .90 
1 994 (1 5  distracters) 

Note. PO Sample = Parkinson's disease sample; N PD = nondemented Parkinson 's disease; DPD 
= demented Parkinson's disease; PD = unselected Parkinson 's disease; De novo = never 
received antiparkinsonian medication; Med = currently receiving antiparkinsonian medication ;  
Mi ld = mi ld disease severity; Severe = severe d isease severity; Task = name of recognit ion 
memory task; RAVLT = Rey Auditory Verbal Learn ing Test; Type = type of recogn it ion task and 
number of stimul i ;  AFC = m-alternative, forced-choice procedure; Measure = measure of 
recognition performance; PC = percent correct; d' = d - prime; R = Recognition score , calcu lated 
from the formula [H its - ( (H its + False Alarr'ns)/2) ] + 8; 0 = Discriminab i l ity index, calculated fro m  
the formula [ (true posit ives + true negatives) I 30] x 1 00; Mod = stimul i  were classified a s  either 
verbal (V) stimul i  (those that could be easily label led) includ ing visual stimul i  (e .g . ,  pictures of 
common objects) , or as nonverbal (NV) stimul i  (e .g . ,  abstract drawings) ; N = total n umber of 
Parkinson's disease and control participants; d = Cohen's ( 1 988) effect size statist ic .  
aGood response to treatment. bFiuctuations and abnormal involuntary movements. cPoor 
response to treatment. 





A P P EN DIX D 

E F F ECT SIZE FO R M U LA E  

233 



234 Appendices 

Form u lae were obtained from H unter and Schm idt ( 1 990) and Schwarzer 

( 1 989) . For the between-groups p lann ed comparisons, d was defined as the 

d ifference between the group m eans d ivided by the with in -group  standard 

deviat ion : 

d = ( Ye - Ye) I Sw, 

where Sw is the with in-group standard deviat ion , defined by taking the square 

root of the with in-group var iance, Vw, and 

Ve is the  variance for the experimenta l  g roup ,  Vc the var iance for the contro l  

g roup ,  and ne and ne are the sam ple s izes for the experimental g roup and 

contro l g roup ,  respect ively. 

For the with in-groups planned compar isons,  d was defined as the d ifference 

between the group means d ivided by the true score standard deviat ion : 

where r i s  the correlation between repeated measu res and Vw i s  the with in ­

g roup  var iance.  

Where m u lt i -factorial ANOVA was used,  d was computed for a l l  main effects 

and in teract ions using eta-squared (112) . The t ransformation form u la is :  

where 112 i s  def ined by: 

112 = [ F(df effect) ] / [F(df effect) + df er ro r] 
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The d stat ist ic can also be est imated from the Pearson ch i-square stat ist ic (x2) 
after f i rst t ransform ing x2 to the ph i  coeffic ient (<j>) : 

For a 2 x 2 cont i ngency table ,  the ph i  coeff icient is equal to the Pearson 

correlation coefficient and can be used in the form u la:  

d = [ ( 1 I -Y pq) <1>] I H 1 - <1> 2] ,  

where p and q are the proport ion of  persons in the two groups. 

The d stat ist ic can also be est imated from r, us ing the maxim um l ike l ihood 

formula:  

d = 2 r I -Y ( 1 - l) . 

The d stat ist ic can also be est imated from Mann-Wh itney's U after f i rst 

transforming to r :  

The 95% confidence interval for the popu lat ion va lue of the d stat ist ic is g iven 

to a close approximat ion by: 

d - 1 . 96 SE < 8 < d +  1 . 96 SE, 

where SE is the sam pl ing error standard deviat ion o r  standard error. For the 

between-groups case , SE was est imated by: 

SE = �[(N - 1 )  I (N - 3)][ (4 I N) ( 1  + Cf I 8)] . 
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For the with in-groups case, SE was estimated by: 

SE = �[2 ( 1  - r) I N]+[Cf ( 1  + ?) I {4 (N - 1 ) }] , 

where r is the correlation between repeated measures. 
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I nformation for Part ic i pants 

We are conduct ing an investigation that wi l l  help us  find out if Parkinson's d isease 

causes memory problems, and if so, whether these problems progress over a 

period of t ime. We need both individuals with and without Parkinson's disease to 

aid us in our study. The researchers for th is study are Dr. John Podd and Craig 

Whitt ington (both from the Department of Psychology, Massey Un ivers ity) . D r. 

Podd can be contacted at work by phon ing xxx-xxxx. His home phone number is 

xxx-xxxx. Craig Whitt ington's work phone number is  xxx-xxxx and home phone 

number is xxx-xxxx. 

Craig Wh ittington wi l l  visit you on two occasions separated by approximately s ix 

months. During each vis i t  you wi l l  be asked questions about you r  health and 

medical h istory, and wi l l  be asked to do some simple memory tasks. Most of the 

tasks wi l l  be presented on a computer and you wi l l  give your answers by pressing 

special ly designed buttons or speaking aloud. l t  does not matter if you have never 

used a computer before, or even seen one. We use it simply to d isplay what we 

want you to remember. The computer also automat ical ly records your answers. 

Plenty of practice is g iven and you wi l l  f ind the tasks qu ite interesting. 

The time involved during each visit is about 1 - 1 1 /2 hours. Part ic ipation is on a 

strictly voluntary basis without monetary compensat ion. The q uestions about you r  

health and medical h istory wi l l  take about 1 5  minutes and the memory tasks wi l l  

take about 45 minutes, inc lud ing practice and rest intervals. The extra 30 minutes 

is to introduce you to the study and for you to be able to ask any questions. Of 

cou rse, you can stop the study at any t ime if you feel too t i red to continue, or if any 

of the tasks bother you .  If you do find the procedu re distressing and wish to talk to 

someone about th is ,  you can phone Dr. John Podd on xxx-xxxx. 

If you agree to take part i n  our  study, you have the fol lowing rights: 

* Refuse to answer any part icular question we might ask. 
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* 

* 

* 

* 

* 

* 

* 

Be g iven time to consider and d iscuss participation with others if des i red. 

Withdraw from the study at any time without adverse affects to any fu rther 

health care. 

Ask questions as they occur to you at any t ime during you r  part ic ipat ion.  

Provide information on the understanding that i t  is completely confident ia l  to 

the researchers. All information is col lected anonymously, and it wi l l  not be 

possible to identify you in any reports prepared from the study. 

Be g iven access to your own personal data, and a copy of it if requ i red. 

Be g iven access to a summary of the findings from the study when it is 

concl uded. 

Contact the Manawatu-Whanganu i  Eth ics Committee and d iscuss any 

eth ical concerns you have about the study; phone (xx) :xxx-xxxx or write 

to PO Box xxxx, Palmerston North.  

Does Parkinson's d isease cause memory problems? And if  so, do they progress 

over the short-term? These are interest ing quest ions for us. We hope you wi l l  be 

wi l l i ng to help us find some answers by agreeing to participate in our study. I n  

retu rn for you r  part ic ipation, we wi l l  be  very wi l l i ng to tel l  you as much as we can 

about memory problems and why they interest us so much. 

Dr. John Podd (Department of Psychology, Massey Un iversity) 

Phone: :xxx-xxxx 

Craig Whitt ington (Department of Psychology, Massey University) 

Phone: xxx-xxxx 
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Description of Measu res Used in the Study 

Consent forms 

An eth ical requ i rement. 

Two Prospective Memory Tasks 

These measu re you r  memory for doing someth ing in the future .  

Visual Analogue Scale 

This measures how nervous you feel about taking part in  th is study. 

Structured Interview 

Used to col lect important information about you .  Al l  information wi l l  be kept 
confident ia l .  

Two Recognition Memory Tasks 

These measure you r  recogn it ion memory for words and abstract d rawings .  

Three Recall Tasks 

These measu re you r  recal l  of words and p ictu res. 

National Adult Reading Task 

Th is measures you r  abi l ity to pronounce uncommon words .  

Mood Scale 

Th i s  measu res how you have been fee l i ng  over the past week .  

Mackworth Clock 

Th is measures you r  watch-keeping abi l i ty. 

Short Orientation-Memory-Concentration Test 

Th is is a brief measu re of you r  o rientat ion , memory and concentrat ion . 

Video Assessment (Parkinson 's Participants Only) 

Used to assess how Parkinson's effects you phys ical ly. 
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Consent Form 

Project Tit le:  COGNIT IVE DEFIC ITS IN PARK INSON 'S D ISEASE 

Principal l nvestigator(s) : Dr. John Podd and Mr  Craig Whittington 

Appendices 

Participant's Name: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ID . . . . . . . . . . . . . . . . . .  . .  

Name of Institution :  Massey Un iversity 

E ngl ish I wish to have an interpreter 
Maori E h iahia ana koe ki tetahi tangata hei korero Maori kia koe 

Yes I N o  
Ae I Kao 

1 .  Craig Whitt ington has explained to me the reasons for this study and the procedu res in­
volved i n  i t .  

2 .  I have read the participant information sheet, and my questions have been answered to 
my sat isfaction. I understand that I am able to ask further questions at any t ime during 
the study. 

3. I understand the compensation arrangements that are available to me. 

4. I understand that I am free to withdraw from the study at any t ime, and that such with­
drawal wi l l  not adversely affect my further health care .  

5 .  I have been assured that my results wi l l  remain confidential and that my identity wi l l  not 
be revealed in any written or verbal reports about the study. 

6.  I understand that the study wi l l  be d iscont inued if  i t  appears that it could cause me harm 
or if I do not follow the required procedu res. 

7. I understand that if I have any eth ical concerns regarding the study, that I may contact 
the Manawatu-Whanganu i  Ethics Committee on 0-6 xxx-xxxx. 

agree I do not agree to take part in this study. 

S ignature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (partic ipant) . . . . . . . . . . . . . . . . . . . . . . . . . . .  (date) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (parent/guardian) . . . . . . . . . . . . . . . . .  (date) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (witness) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (date) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( name of witness, p lease print) 

Investigator's statement : 

I have d iscussed with . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (participant's name) the 
aims of and procedures i nvolved in  this study. 

S ignature . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( investigator) . . . . . . . . . . . . . . . . . . . . . . . . . . .  (date) 

Craig Whitt ington . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (name of investigator) 
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Consent Form for Video Assessment 

Project Tit le: COGN IT IVE D EF I C ITS IN  PARK INSON'S D ISEASE 

Pr incipal I nvestigators : D r. John Podd and M r  C raig Wh itt i ngton 

Appendices 

Part ic ipant's Name: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 :  . . . . . . . . . .  . 

Name of Institut ion :  Massey Un iversity 

In o rder to assess how Park inson 's d isease has effected you physical ly ,  i t w i l l  

be usefu l to video you perform ing a number  of  actions. For  the video assess­

m ent to be done accu rately, it m ay be necessary for a professional s uch as a 

neu ro log ist to view the tape. The tape wi l l  be kept strictly confident ia l  and on ly  

viewed by the investigator and persons qua l if ied to  assess the severity of 

Park inson's disease. At the conclus ion of the study, the tape wi l l  be erased. 

P lease note, the video assessment  is opt iona l  and if you decl ine to undergo the 

video assessment you may sti l l  take part in  the rest of the study. 

I u nderstand the above and agree I d o  n ot agree to undergo the video 

assessment. 

S igna tu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (part ic ipant) . . . . . . . . . . . . . . . . . . . . . . . . . . .  (date) 

S ignatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (witness) . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (date) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (name of witness , please p ri nt)  

S ignatu re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ( invest igator) . . . . . . . . . . . . . . . . . . . . . . . . . .  (date) 

Craig Wh itt ington . . . . . . . . . . . . . . . .  (name of invest igator) 
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Stage I 

Stage 1 1  

Stage I l l  

Stage IV 

Stage V 

Appendices 

Un i lateral i nvolvement on ly, usua l ly with m in imal  or no funct ional  

impai rment. 

B i lateral or  m id l i ne  involvement ,  without impa irment of balance. 

F i rst s ign of im paired r ight i ng  reflexes. This is evident by 

unsteadiness as the pat ient t u rns or is demonstrated when he [or 

she] is pushed from stand ing  equ i l ibr ium with the feet together 

and eyes closed . Funct iona l ly the pat ient is somewhat restricted 

in h is [or her] act ivit ies but m ay have some work potent ia l  

depend ing upon  the type of employment. Pat ients are phys ical ly 

capable  of lead ing  independent l ives , and their d isab i l ity is m i ld  to 

moderate. 

Fu l ly deve loped , severely d isabl ing disease ; the pat ient is  sti l l  

able to  wal k  and stand unass isted but is marked ly incapacitated . 

Confinement to bed or wheelchair un less aided.  

(Hoehn & Yahr, 1 967, p .  433) 
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I NSTR U CT IONS :  The next task is used so I can assess how Parkinson 's  h as 

affected you phys ical ly. I w i l l  ask you a n um ber  of quest ions and then get you 

to perform a number of  act ions and record you do ing these with the video cam­

era .  

Quest ions :  

1 )  Are you r  d isease symptoms restr icted to one s ide of your  body? 

2)  Is  you r  balance as good as it used to be? 

M otor Tasks: 

F inger tapping: 

P lease tap the index f inger of you r  left hand for 30 seconds whi le you r  hand is 

rested flat upon the tab le ,  palm down . P lease repeat with you r  r ight hand.  

R is ing from chair :  

P lease sit i n  a hard , upright cha i r .  Now attempt to r ise with you r  arms folded 

across you r  chest . If you can't do th is use you r  arms to help you stand up. 

Walk ing and tu rn ing :  

P lease wa lk a t  a natu ral  pace for about 4 met res ,  t u rn on the spot, and ret u rn to 

the start ing point .  
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Speech : -

0-normal 
1 -m i ld ly affected , no  d ifficu lty being  understood 
2-moderately affected, may be asked to repeat 
3-severe ly affected , frequently asked to repeat 
4-un i nte l l ig ib le most of t ime 

Swal lowing: -

a-normal 
1 - rare chok ing 
2-occasional choking 
3-requ i res soft food 
4-requ i res N G  tube or G-tube 

Handwri t ing : -

0-normal 
1 -s l ight ly smal l  or  s low 
2-al l  words smal l  but leg ib le 
3-severely affected , not a l l  words leg i b le 
4-majority i l leg ib le 

Cutt ing Food/Hand l ing Utens i ls : -

0-normal 
1 -somewhat s low and c lumsy but no  help needed 
2-can cut most foods,  some help needed 
3-food m u st be cut, but can feed self 
4-needs to be fed 

D ress ing : -

0-normal 
1 -somewhat s low, no help needed 
2-occas ional he lp with buttons or arm s  in s leeves 
3-cons iderable help requ i red but can do some th ings alone 
4-help less 

Appendices 
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Hygiene:-

0-normal 
1 -somewhat s low but no he lp  needed 
2-needs he lp  with shower or bath or very s low in hygien ic care 
3-requ i res ass istance for wash ing ,  brush ing teeth , going to bath room 
4-helpless 

Turn ing in Bed/Adjust ing Bed C lothes : -

0-normal 
1 -somewhat s low no help needed 
2-can turn a lone or adjust sheets but with great d ifficu lty 
3-can in it iate but not tu rn or adjust a lone 
4-helpless 

Walk ing : -

a-normal 
1 -m i ld d ifficu lty, may drag legs or decrease arm swing 
2-moderate d iff icu lty requ i res no assistance 
3-severe d istu rbance requ i res assistance 
4-cannot wa l k  at a l l  even with assistance 

(van H i lten et a l . , 1 994) 
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I N STRUCTIONS:  Choose the best answer for how you felt over the past week.  

Press the left key to answer "Yes" or the r ight  key to answer "No" 

1 .  Are you basical ly sat isfied with you r  l ife? 

2. Have you dropped many of your act ivit ies and interests? 

3. Do you feel that you r  l ife is empty? 

4. Do you often get bored? 

5 .  Are you hopefu l  about the futu re? 

6. Are you bothered by thoughts you can 't get out  of you r  head? 

7. Are you i n  good sp i r its most of the t ime? 

8. Are you afra id that someth ing bad i s  go ing to happen to you? 

9. Do you feel happy most of the t ime? 

1 .  Do you often feel he lp less? 

1 1 .  Do you often get restless and fidgety? 

1 2 . Do you p refer to stay at home, rather  than go ing out and doing new th ings? 

1 3 . Do you frequent ly worry about the futu re? 

1 4. Do you feel you have more problems with memory than most? 

1 5 . Do you th ink  it is wonderfu l  to be a l ive now? 

1 6 . Do you often feel downhearted and b lue? 

1 7 . Do you feel pretty worth less the way you a re now? 

1 8 . Do you worry a lot about the past? 

1 9 . Do you f ind l ife very excit ing? 

2 .  Is i t  hard for you to get started on new projects? 

2 1 . Do you feel fu l l  of energy? 

22.  Do you feel that you r  s ituation is hopeless? 
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23. Do you th ink that most peop le are better off than you are? 

24. Do you frequently get upset over l itt le th ings? 

25 .  Do you frequent ly feel l ike cry ing? 

26 .  Do you have trouble concent rat ing? 

27. Do you enjoy gett ing up  in  the morn ing? 

28. Do you prefer to avo id socia l  gather ings? 

29. Is it easy for you to make dec is ions? 

3 .  Is  you r  m ind as c lear as i t  used to be? 

For the purpose of the present study, one point was scored for each of the 

fo l lowing  answers. 

1 .  no 6. yes 1 1 .  yes 1 6. yes 2 1 . no 26 . yes 

2 .  yes 7. no 1 2 . yes 1 7. yes 22. yes 27 .  no 

3 .  yes 8. yes 1 3. yes 1 8 . yes 23. yes 28. yes 

4. yes 9. no 1 4. yes 1 9 . no  24. yes 29.  no 

5 .  no 1 0. yes 1 5 . no 20.  yes 25.  yes 30. no 
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Ache Simi le 

Debt Rarefy 

Psal m  Cel l ist 

D epot Zealot 

Chord Abstem ious 

Bouq uet Gouge 

D eny Placebo 

Capon Facade 

H eir  Aver 

Aisle Leviathan 

S u btle Aeon 

Nausea Detente 

Equivocal Gauche 

Naive Drachm 

Thyme I dyll 

C o u rteous Beatify 

G aoled Banal 

P rocreate Sidereal 

Q u ad ru ped Puerpe ral 

C atacomb Topiary 

S u perfl uous Demesne 

Radix Campani le  

Assign ate Labi le 

G ist Synocope 

H iatus P relate 
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P artici pant I D :- ### 

"What year is it now?" - Max error score = 1 ;  Wei g ht = 4 

1 .  Score: - # 

"What month i s  it now?" - M ax e rror score = 1 ;  Weight = 3 

2. Score:- # 

Memory phase - " Repeat th is p h rase after me:  

John Brown, 42 Market Street, C hicago. "  

"About what t i m e  is  it? " - Max error score = 1 ;  Wei g ht = 3 

3. Score:- # 

"Count backwards from 20 to 1 . " - Max error = 2 (score 1 if co rrect, but 
only after self-correcti on) ; Weight = 2 

20:-_ 1 9 : -_ 1 8: - 1 7: -_ 1 6 : -_ 1 5 : -_ 1 4 : -_ 1 3 : -_ 1 2 : -_ 1 1 :-_ 

1 0 : -_ 9:- 8 : -_ 7:- 6:-_ 5 : -_ 4: -_ 3 : -_ 2 : -_ 1 : -_ 

4. Score:- # 

Appendices 

"Say the months i n  reverse order. " - Max erro r = 2 (score 1 if correct, but 
only after self-correction) ; Weight = 2 

Dec:-_ Nov:-_ Oct:-_ Sep :-_ Aug:-_ J u l : -_ 

Jun : -_ May:-_ Apr:-_ Mar: -_ Feb:-_ Jan: -_ 

5 .  Score:- # 

"Repeat the mem ory phrase . " - Max error score = 5 ;  Weight = 2 

John :-_ Brown : -_ 42:-_ Market Street:-_ C h icago:-_ 

6. Score:- # 

Tota l Weighted Error Score: -## 
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I N ST R U CT IONS: P lease move the bar on  the l ine to ind icate how 

anx ious you feel r ight now. 

N ot at a l l  
anxious  

Very 
anxious 

Use the Left Arrow or R ight Arrow key to m ove the bar  on the l ine. 

P lease p ress the Enter key when complete. 

Appendices 
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Table P 1  Frequency and Length of Target and Distractor Words Used in the 
Verbal Recognition Memory Task 

Target Frequency" D istracter Frequency' Word length 

beach 61 bench 35 5 
breath 53 wreath 8 6 
broom 2 chief 1 1 9 5 
bug 4 pit 1 4  3 
candle 1 8  handle 53 6 
cap 27 fig 72 3 
creek 1 4  bloom 1 2  5 
dream' 64 dread 9 5 
dusk · 70 dust 70 4 
flour  8 floor 1 58 5 
fowl 1 foal 2 4 
gate 37 crow 2 4 
hall 1 52 poet 99 4 
kite 1 mast 6 4 
lamb 7 l imb 5 4 
l ion 1 7  l ink 1 6  4 
loot 3 fear 1 27 4 
male 37 mall 3 4 
maze · 6 haze 7 4 
minor 58 manor 5 5 
month 1 30 paper 1 57 5 
mouth 1 03 south 240 5 
pane 3 pans 3 4 
peace 1 98 peach 3 5 
pier 3 pies 5 4 
pole 1 8  test 1 1 9 4 
rein 3 boot 1 3  4 
rite 8 bulb 7 4 
roll 35 path 44 4 
sail 1 2  salt 46 4 
sheet 45 goals 60 5 
ski 5 hog 3 3 
snake 44 gloom 1 4  5 
son 1 66 leg 58 3 
sou l · 47 soi l  54 4 
stai r . 2 lunch 33 4 
tent 20 rent 21  4 
tune . 1 0  tone 78 4 
vein 25 moth 1 4 
waist 1 1  punch 5 5 

aKucera-Francis frequency is the number of occurrences in a corpus of 1 ,01 4,232 words. 
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Shown below are two examples of target-distracter pairs used in the N RMT. 

The f irst is an example of a v isua l ly s i m i la r  pair and the second is a v isual ly 

d iss im i lar pair .  D u r ing the recogn it ion  phase, a target was always paired with a 

u n ique  corresponding d istracter ;  the s ide on wh ich the target appeared and the 

o rder of s im i la r/d iss im i lar  st im u l i  was random ised for each part ic ipant. 

Visually s imi lar  target-distracter pai r  

Visual ly dissi mi lar  target-distracter pai r  
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Have you ever been d iagnosed with any of the fol lowing : 

1 .  A m ed ical cond it ion with known cent ra l  nervous system compl icat ion : - (Y/N) 

I f  yes, please describe: -

2 .  A neurolog ical d isorder (e. g . ,  A lzhe imer's d isease, stroke, brain tumou r, 

head t rauma with loss of consciousness g reater than 1 h r) : - (Y/N) 

I f  yes , please describe: -

3 .  A hered itary d isease (e.g . ,  Wi lson 's d i sease, Huntington's d isease) : - (Y/N) 

I f  yes ,  p lease describe: -

4 .  Alcoho l  abuse:- (Y/N) 

5 .  Major depress ion : - (Y/N) 

If yes, when were you d iagnosed : -

6 .  Have you ever had a neurosurg ical operat ion : - (Y/N) 
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Antichol inergic Agents:  

Orphenadr ine Hyd roch lor ide: 

Benztropine Mesylate: 

Dopam inerg ic agents: 

Levodopa-Benserazide :  

Levodopa-Carbidopa: 

Dopam ine agon ists :  

B romocript ine Mesylate: 

L isuride Hyd rogen Maleate: 

M onoam ine Oxidase-B I nh ib itor: 

Se lege l ine Hyd roch loride: 

Other Medicat ions:  

Amantad ine Hyd roch lor ide: 

D is ipa l ,  50mg 

Cogent in ,  2mg 

Appendices 

Madopar, CR 1 00/25mg (contro l led 

release) 

Madopar, 1 00/25mg 

Madopar, 200/50mg 

S inemet,  CR 200/50mg (control led 

release) 

S inemet,  1 00/25mg 

Parlodel , 2 .5mg 

Doperg in ,  .2mg 

Eldepryi/Deprenyl ,  5mg 

Symmetrel, 1 OOmg 
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Table T 1  Recognition Memory Task Confidence Ratings for the Parkinson 's 
Disease (PO) and Healthy Control (HC) Groups as a Function of Gender, Task, 
and Time 

PD HC 
Confidence Rating Malesa Females5 Malesc Femalesa 

N R MT-Hard - Time 1 
Very Confident .07 ( . 1 5) .08 ( . 1 4) .02 (.05) .08 ( . 1 7) 
Confident .32 ( .28) .29 ( .27) .20 (. 1 9) .35 ( .27) 
Somewhat Confident .31  ( .24) .26 ( . 1 9 )  .43  ( .26) .38 ( .26) 
Not at al l  Confident .30 ( .27) .38 ( .36) .32 (.28) . 1 9 ( .2 1 )  

N RMT-Hard - Time 2 
Very Confident .07 ( . 1 7) .07 ( . 1 3) .03 ( .05) . 1 1 ( .23) 
Confident .26 ( .2 1 )  .3 1  ( .29) .27 ( .2 1 )  .35 ( .31 ) 
Somewhat Confident .31  ( .24) .27 ( .30) .48 ( .20) .38 ( .31 ) 
Not at al l  Confident .37 ( .38) .36 ( .37) .22 ( .21 ) . 1 6 ( .2 1 ) 

NRMT-Easy - Time 1 
Very Confident .06 ( . 1 5) .03 ( . 1 0) .04 ( .09) .08 ( .2 1 ) 
Confident .29 ( .26) .34 ( .27) . 1 8 ( .2 1 )  .32 ( .29) 
Somewhat Confident .32 ( .23) .27 ( . 1 9) .46 ( .27) .38 ( .27) 
Not at al l  Confident .33 ( .29) .36 ( .33) .32 (.29) .22 (.23) 

NRMT-Easy - Time 2 
Very Confident .08 ( . 1 8) . 1 0 ( . 1 9 )  .03 ( .08) .09 ( .22) 
Confident .25 ( .22) .30 ( .27) .26 ( .21 ) .35 ( .29) 
Somewhat Confident .35 ( .25) .27 ( .27) .42 ( .20) .40 ( .30) 
Not at all Confident .32 ( .34) .37 ( .36) .30 ( .23) . 1 8 ( .23) 

VRMT - Time 1 
Very Confident .20 ( .27) . 1 4 (.2 1 ) .28 (.28) .25 ( .28) 
Confident .42 ( .26) .37 ( .25) .36 ( .26) .45 ( .22) 
Somewhat Confident .22 ( . 1 6) .22 ( . 1 5) . 1 8  ( . 1 2) . 1 9  ( . 1 6) 
Not at al l  Confident . 1 6 ( .20) .27 ( . 1 9 )  . 1 8 (.23) . 1 1 ( . 1 4) 

VRMT - Time 2 
Very Confident .26 ( .28) . 1 9 ( .22) .36 ( .31 ) .27 ( .32) 
Confident .36 ( .36) .45 ( .28) .35 ( .2 1 )  .47 ( .26) 
Somewhat Confident .23 ( .20) .23 ( . 1 6) . 1 9 ( . 1 7) .2 1  ( .20) 
Not at al l  Confident . 1 6 ( . 1 9) . 1 5  ( . 1 2 )  . 1 1 ( . 1 1 )  .08 ( .08) 

Note. The values represent the mean proportion of trials ,  with SD in  brackets. NRMT = Non-
verbal Recognit ion M emory Task; VRMT = Verbal Recognition Memory Task. 
an =  25. bn = 1 6. en =  23.  dn = 1 8 . 
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Recogn it ion Memory Impairment i n  Parkinson's D isease: 
Power and Meta-Analyses 

Craig J .  Whi tt ington,  John Podd, and Melanie M. Kan 

Contrary f indings n otwithstand ing ,  the preva i l i ng notion is that recogn it ion 
memory is l itt le affected by Park inson 's d isease (PO) .  Both a power analys is 
and a meta-analys i s  were conducted to he lp clar ify the deg ree of recogn it ion 
memory deficit assoc iated with P D .  The power analysis confi rmed that ,  in gen­
era l ,  memory stud ies  of PO part ic ipants have been underpowered. This ana ly­
s is  ind icated the need to pool study resu lts in a subsequent meta-analys is ,  the 
ma in  find ing of wh ich was that recogn ition mem ory deficits do occu r  wi th PD .  
lhe largest def ic i t  occu rs in  demented PO part ic ipants. Nevertheless,  def ic i ts 
a lso occur  in nondemented PO part icipants on med ication ,  but nondopam iner­
g ic  CNS abnorma l it ies are more l i kely to under l ie th is  deficit than P O  med ica­
t ion itself. Future development of a theory of cogn it ive dysfunct ion in PO sho u ld 
take into account these recogn it ion memory deficits wh ich may increase with 
d isease progression .  

Most reviews of t he  Parkinson 's d isease (PO) l i teratu re suggest that 
people with th is neu rodegenerative disorder have impai red recal l  but  re lat ive ly 
i ntact recogn ition m em ory (e .g . , Beatty, 1 992 ; B rown & Marsden , 1 988; Brown 
& Marsden , 1 990; C u m m ings & Benson , 1 988; Dubois ,  Boi ler, P i l lon , & Ag id ,  
1 99 1 ; G rowdon & Cork in , 1 986; Karayan id is , 1 989; Kn ight, 1 992 ; Kn ight ,  God­
frey, & Shelton,  1 988;  Mahu ri n ,  Feher, Nance, Levy, & Pi rozzolo ,  1 993 ;  Sagar 
& Su l l ivan ,  1 988; Sa int-Cyr & Taylor, 1 993 ; Taylor ,  Saint-Cyr, & Lang ,  1 988) .  
Th is d issociat ion between recogn it ion and recal l  has been used to support the 
view that the impa i rment is to do with control and retr ieval strateg ies rather 
than with the encod ing  of  new m ateria l  (Brown & Marsden, 1 988; Mah u r in  et 
a l . , 1 993) . Others h ave suggested that memory deficits are only apparent on 
the more effortfu l  f ree recal l  tasks (Kn ight ,  1 992 ; Kn ight et  a l . , 1 988; Taylo r  et 
a l . , 1 988; Weingartner ,  Bu rns ,  D iebel , & LeWitt, 1 984) , at very short retent ion 
i ntervals (Karayan id i s ,  1 989; Sain t-Cyr & Taylor ,  1 993), or  when tasks req u i re 
PO part ic ipants " . . .  to scan mental ly, man ipu late the materia l ,  or  o rgan ise ac­
t ively a response" (Dubo is  et a l . , 1 99 1 , p.  204) . Some reviews have n oted a 
poss ib le nonverbal recogn it ion memory defic i t ,  but maintain that verbal recog­
n it ion is relat ively n ormal (Beatty, 1 992 ; Sagar & Su l l ivan , 1 988) . 
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Recogn it ion memory may be im paired in PO depend ing on c i rcum­
stances, however. Because cogn i t ive defic its may vary as a funct ion of many 
factors, such as age of onset ,  sym ptom d u ration , med icat ion ,  type and severity 
of motor symptoms, depress ion ,  and task variables (Beatty, 1 992 ; Levin ,  
Tamer, & Rey, 1 992; Starkstein  et a l . , 1 989) , the issue is not eas i ly reso lved . 
Nonetheless, the widely accepted view is  that PO causes problems for recal l  
memory but not for recogn it ion memory. The former i s  thought to stem from a 
general ized impairment rather than a specif ic deficit with in  the memory system 
(B rown & Marsden , 1 990) .  

O u r  own review of the PO memory l i terat u re revealed a number o f  prob­
lems wh ich made this recal l- recogn it ion d ist in ct ion worthy of further investiga­
t ion .  For instance, reviews of the relevant research have been narrative-based,  
and often review only a smal l  samp le of stud ies .  Qual itative reviews can some­
t imes reach the wrong conc l us ions (e. g . ,  see Schmidt, 1 996) . There have been 
no meta-analyt ic reviews assess ing the overa l l  effect s izes (ESs) of the def ic its 
in reca l l  o r  recogn it ion across PO stud ies .  Even where 'nons ign if icant' resu lts 
are reported, one needs to be caut ious .  Studies with low stat ist ical power 
(caused mai n ly by too few part ic ipants , smal l  ESs, or  both) wi l l  have a h igh 
probabi l ity of  comm itt ing a type 1 1  stat ist ica l  error; that is ,  conc lud ing that there 
was no  experimental effect when in  fact there was. I nterpretat ion of primary re­
search is part icu lar ly problemat ic  in s ituat ions of low stat ist ical power. As part 
of ou r  research ,  we carried out a stat ist ical power analys is  demonstrat ing that 
even for large ESs, on average, the probabi l ity of correct ly reject ing the n u l l  
hypothes is i s  su rpr is ingly low. 

The recal l - recogn it ion d ist i n ct ion is fu rther com pl icated by the role of 
dement ia in PD .  Some studies have exc l uded part ic ipants who showed s igns of 
dementia as assessed by DSM crite r ia or brief mental status tests (e .g . , 
M MS E) ,  whereas others have not assessed the status of the i r  part ic ipants i n  
th i s  regard. The absence of a un iversal  def in it ion of P O  dementia has not 
he lped,  produc ing variat ions in the d iagnost ic  cr iteria; consequent ly, the resu lt­
i ng  samples vary in the i r  compos it i on .  Memory may be d ifferent ia l ly affected i n  
demented versus nondemented part ic ipants (Mohr, Mend is ,  & G rimes, 1 995) .  
Fu rthermore, accord ing to L ieberman ( 1 998) "antipark inson ian drugs may su­
per impose a del i r ium on the dementia" (p .  34) . Some researchers have gone so 
far as to say that demented and nondemented PO represents two d istin ct d is­
orders each with a d ifferent c l i n ical p ict u re (e. g . ,  Lieberman et a l . , 1 979) . Oth­
ers have fa i led to f ind a c lear d ist i nct ion between nondemented and demented 
part ic ipants , argu ing instead for a "  . . .  cont i nuous d istr ib ut ion of cogn it ive def ic i t ,  
rang ing from intact intel lectual funct ion to severe dementia, with the majority 
exh ib i t ing substantial cogn itive impa i rment (P i rozzolo, Hansch, Mort imer ,  
Webster, & Kuskowski ,  1 982 , p.  79) .  Add it ional ly, the issue of whether PO de­
ment ia should be character ised as 'cort ical '  or  'subcort ical '  is st i l l  bei ng  de­
bated (Mahu rin et a l . ,  1 993) . 

A frequent ly c ited art ic le used i n  support of the view that recogn it ion 
memory is  not impai red in  PO is that of F lowers, Pearce, and Pearce ( 1 984) .  
F lowers et  a l . , used an elderly samp le of 54 PO part ic ipants. Litt le informat ion 
was g iven on the severity of PO in th is sample,  except that part ic ipants ranged 
from 3 to 24 on the Webste r scale of symptom severity and c l i n ical d isab i l ity. 
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All part ic ipants were stab i l ised on some form of ant ipark inson ian m ed icat i on .  
No ment ion was made about screen ing for poss ib le  dementia. A s im i la r  n u m ber  
of hea lthy partic ipants acted as contro ls  matched approximately by  age, occu­
pation , and background .  

Flowers et  a l .  ( 1 984) assessed recogn it ion  memory with the a id of  two 
verbal recogn ition mem ory tasks (p ictu res of common objects , and words and 
numbers) and two nonverbal recog n it ion memory tasks (b lack and wh ite h i sto­
gram shapes, and colou red abstract p ictu res) . The authors found that recogn i ­
t ion  memory was poorer for  the PO part ic ipants on a l l  tasks relative to the con­
trols, but that the d ifferences were ne ither " large" nor  "re l iab le" .  Fu rthermore,  
they suggest that the i r  resu lts ind icate that PO part ic ipants have normal reg is­
trat ion and ab i l i ty to reta i n  informat ion .  Any mem ory prob lems must involve 
;'retrieval or  some h igher  level processing stage" (p. 1 1 80) .  S i nce these con­
c lus ions appear to be based largely on the outcome of stat ist ical s ign if ican ce 
tests , we re-analysed some of Flowers et a l . 's  data i n  terms of stat ist ical power 
and actua l  ESs. 

In the Flowers et al .  ( 1 984) study, comparisons between PO and contro l  
part ic ipants were made with two-tai led t-tests that lacked adequate stat ist ica l  
power.  G iven an a lpha level of .05 and the number of part ic ipants used, we 
found these tests to have no more than 1 7% power to detect smal l  effects (as 
defined by Cohen, 1 988) .  Thus, there was very l i tt l e  chance of reject ing the n u l l 
hypothes is  (type 1 1  error p robabi l ity = 1 00 - power = 83%) even if it was in fact 
false. Power to detect medium effects was also rather inadequate, rang ing  from 
53 to 69%. Calcu lat i ng  ESs from the reported data, we found that delayed rec­
ognit ion memory def ic i ts ranged from smal l to medium (Cohen, 1 988) . H ow­
ever, there was no evidence of impa i red immediate recogn it ion memory except 
for the words and num bers task. l t  has been suggested that several of the tasks 
used by Flowers et a l . , may have produced performance close to f loor and 
cei l i ng leve ls ,  thus reduc ing the observed ESs fu rther (Sahakian et a l . , 1 988) .  

S ince the research of Flowers et a l .  ( 1 984) , several stud ies have re­
ported im pai red recogn it ion memory in demented PO part ic ipants relat ive to 
contro ls (Appol lon io et a l . ,  1 994; He lkala, Lau l umaa, Soin inen ,  & R iekkin en ,  
1 989; Litvan ,  Mohr,  Wi l l iams,  Gomez, & Chase ,  1 99 1 ; T ierney et a l . , 1 994) .  
Recogn it ion memory def ic its have also been found  in  nondemented PO part ic i ­
pants (Bond i ,  Kasn iak, Bayles, & Vance, 1 993 ; Cooper, Sagar, & S u l l i van ,  
1 993; O 'Su l l ivan ,  1 998; Owen et a l . , 1 993; Sahakian et a l . , 1 988) .  Stud ies us­
i ng  PO part ic ipants unse lected for dementia have also reported recogn it ion  
deficits (A I Ia in  et a l . , 1 995 ; E I-Awar, Becker, Hammond, Nebes, & Bo i le r ,  1 987;  
Massman,  Del is ,  Butters, Levin ,  & Salmon,  1 990; Re id et a l . , 1 989; Sagar, Go­
hen, Su l l ivan ,  Cork in ,  & Growdon,  1 988; Su l l ivan & Sagar, 1 989; Tweedy, 
Langer, & McDowel l ,  1 982) . But stud ies such as F lowers et a l . ,  and Taylor ,  
Saint-Cyr, and Lang ( 1 986) appear to have been inst rumental i n  estab l ish i ng  
the conc lus ion that recogn it ion memory i s  normal i n  PD .  

The present investigation a imed t o  c larify the degree of impairment i n  
PO recogn it ion memory by us ing stat ist ical power analysis and  meta-analyt ica l  
techn i ques to provide a comprehens ive view of the l i teratu re on the top ic .  
Meta-analysi s  was designed to be a more precise and object ive quant itat ive 
method for integrat ing research find ings than the t radit ional narrative review 
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(H unter & Schm idt, 1 990) .  We used meta-analysis to isolate poss ib le  sources 
of var iab i l ity among the studies involving  recogn it ion memory and to p rovide a 
quant itative est imate of the magni tude of any memory deficit . The need for th i s  
analysis was strongly suggested by  p re l im i nary informal calculat ions o f  stat ist i ­
cal power, suggest ing that the power ava i lab le in many studies was too low for 
recogn it ion memory deficits to be detected. Under such circumstances,  even 
moderate ESs may not y ie ld s ign if icant resu lts . Therefore, we decided to run 
both a meta-analys is  and a fu l l-scale power analysis. 

Method 

Literature Search 

The l iteratu re search was restr icted to journal art icles publ ished between 
the years 1 978 and 1 997 inc lus ive .  The ma in  reason for only us ing stud ies 
pub l ished in th is 20-year period was to avo i d  those that may have u sed part ic i ­
pants who had d isorders other than id iopath ic  PO (e. g . ,  ShyO rager synd rome ,  
and prog ressive supranuclear  palsy) . Such d isorders were once c lassif ied as 
PO but are now recogn ised as separate d isease entit ies (H ietanen & Tera­
va inen , 1 986) . Unpub l ished stud ies were not used in the present power and 
meta-analyses. Meta-analysts usua l ly i nc lude unpub l ished material to reduce 
pub l ication b ias ( i . e . , bias due to select ively publ ish ing on ly s ign if icant  resu lts) . 
However, Co l l i ns and M i l le r  ( 1 994) argue  that publ icat ion bias is u n l ikely i n  
some cases; the i r  argument appl ies here . F i rst , the l iterat ure on  memory def i ­
cits in  PO conta ins  many inconsistent f ind ings and several publ ished stud ies 
have fa i led to f ind a memory impairment.  Second, in many studies , the ma in  
focus was not  recogn it ion memory; so i t  i s  less l i kely that a nonsign if icant rec­
ogn it ion effect wou ld  exert a systemat ic b ias on publ ished research . Therefore, 
g iven what appeared to be a smal l r isk of pub l ication bias , it was deemed too 
cost ly to search and gather  a l l  unpub l ished work. 

Severa l methods were used to search the publ ished l iteratu re .  F i rst ,  
computer-based information searches on  Psyclit and Medline were con­
ducted . Key words used in the computer searches inc luded Parkinson 's dis­
ease, pai red with the descri ptors cognition, cognitive deficit, cognitive impair­
ment, memory deficit, and memory impairment. Second,  a manua l  l iteratu re 
search was conducted on the journals cons idered most l i ke ly to publ ish stud ies 
on cogn it ive defic its in  PO (see Appendix for these journals) . These jou rnals 
were searched issue by issue for the years 1 993- 1 995. In add it ion , the refer­
ences of review art ic les were searched for fu rther art ic les . From the large poo l 
of references generated we used on ly those that met a number of i nc lu s ion 
cr iter ia. 

Genera/ Inclusion Criteria 

Al l  stud ies se lected for inc lus ion had to be publ ished in a peer-reviewed , 
Eng l i sh - language journa l  with a publ icat ion date between 1 978 and 1 997. To 
be inc luded in the power analys is ,  a study had to compare the performance of 
people with PO to healthy control part ic ipants on a task expl icit ly descr ibed as 
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measu ring memory. To be inc luded in the meta-analysis, the memory task had 
to measure recogn it ion  memory (see recogn it ion task inc lus ion cr iter ia be low) . 
I n  addit ion , a study had to report suffic ient informat ion to perm it ES est imat ion 
as described below. 

Power Analysis 

Exclusion criteria. Prel i m inary ca lcu lat ions showed that the average 
number of stat ist ical tests in each art ic le for wh ich power cou ld be calcu lated 
numbered about 1 0 . A power analys i s  for sma l l ,  med ium,  and large  ESs wou ld 
have amounted to som e  2600 power calcu lat ions .  Therefore , we developed a 
set of criter ia to l im it the number  of calcu lat ions .  

F i rst , a l l  stat ist ical tests were excluded other than t and F tests. These 
stat i st ics were by far the most common ly used tests for eva luat ing the most im­
portant hypotheses. P rocedu res for  calcu lat i ng  power for t and F tests are wel l  
estab l ished ,  un l ike for some othe r  stat ist ics (e. g . ,  nonparametr ic tests) . Sec­
ond,  tests that were per ipheral to the main hypotheses were exc luded (e . g . ,  i n i ­
t ia l  tests to  determ ine part ic ipant su itab i l ity, or  part ic ipant demographics ) .  F i ­
nal ly, a few studies that fa i led to  p rovide information such as  samp le  s ize and  
degrees of freedom , necessary to  calcu late power, were also exclu ded.  

A total of 46 from an in i t ia l  set of 88 stud ies remained for the power 
analys is .  Where a lpha-adjusted p rocedu res were used to control for m u lt ip le 
s ign if icance tests, power was ca lcu lated as i f  no  adjustment had been made.  I n  
such cases, power calcu lat ions wi l l  overestimate the true power b y  a sma l l  
amount (Sedlmeier & G igerenzer, 1 989) . 

Determining effect sizes. Stat istical power for each test stat i st i c  was cal­
cu lated for smal l ,  med i u m ,  and large ESs as def ined by Cohen ( 1 988) . There i s  
evidence that Cohen's estimates for these popu lat ion ESs are reasonably ac­
cu rate ( Rossi ,  1 990) . P revious power analyses (Cohen , 1 962; Rossi , 1 990; 
Sed lmeier & Gigerenzer ,  1 989; Wh itt i ngton & Podd, 1 996) have tended to use 
Cohen's populat ion estimates rather than those based on the sample data for 
each investigat ion for several reasons. F i rst , ES estimates based on sam p le 
data can be pertu rbed by error inherent in a l l  measu res of behaviou r . Such er­
ror tends to resu lt i n  u nderest imates of the true popu lation ES. Second ,  several 
of the stud ies in the present power analys is  had smal l  sample s izes .  I n  genera l ,  
t he  smal ler the sample the  less re l iable the  ES est imate. Th i rd ,  pub l ished re­
search often fa i ls to report enough information to calculate a samp le ES .  A 
fou rth and f inal factor that persuaded us to fo l low the convent ional approach to 
est imat ing popu lat ion ESs was that data from the present study lends support 
to the estimates of popu lat ion d val u es g iven by Cohen ( 1 988) . The o rdered d 
values from our ent i re data set were d ivided into th ree equal ly s ized g ro ups 
yield ing  average d va l ues of . 1 8  (sma l l) , . 52 (medium) ,  and 1 .09 ( la rge) .  These 
values are in good agreement with Cohen's ( 1 988) est imated popu lat ion d val­
ues of .20, .50, and .80,  respect ively. 

Power calculations. Stat ist ical power was calcu lated us ing the G POWER 
computer p rogram developed by  Erdfelder, Fau l ,  and Buchner ( 1 996) . Power 
can be calcu lated for a range of  un ivariate test statistics, inc lud ing t and F. The 
program ca lcu lates power us ing Cohen's ( 1 988) smal l ,  med ium ,  and large ESs 
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as the defau lt .  However, any ES val ue  can be entered. For each power calcu­
lat ion ,  the appropriate values for a lpha, ES, and N were entered and power 
was then calcu lated by the program for 1 380 test stat ist ics. Where a study 
u sed a part icu lar  stat ist ic  more than once (a lmost always the case) , the mean 
power level was calcu lated separately for sma l l ,  med ium ,  and large ESs for that 
study. 

Meta-analysis 

A tota l of 39 jou rnal papers were ident ified ;  1 7  were not used in  the 
meta-ana lysis because they d id  not use a nonneurological ly impai red control 
g roup (He lka la et a l . , 1 989; P i l lon , Deweer, Ag id ,  & Dubois ,  1 993) , or did not 
report suff ic ient info rmation (AI la in  et a l . ,  1 995;  D i renfeld et a l . ,  1 984; Jacobs et 
a l . , 1 995 ; Reid et a l . , 1 989; Tweedy et a l . , 1 982 ) , or used a poss ib ly b iased 
measu re of recogn it ion (Bondi  & Kaszniak,  1 991 ; Buytenhu ijs et a l . , 1 994; 
Daum et a l . , 1 995; Hart ika inen ,  He lka la ,  So in inen ,  & R iekk inen,  1 993; P i l lon  et 
a l . , 1 996) , o r  used a recogn it ion test that d id  not meet the criteria for inc l us ion 
in  the present analysis (Dubo is  et  a l . ,  1 987; Huberman,  Moscovitch ,  & F reed­
man,  1 994; Levi n ,  L labre, & Weiner, 1 989; Sagar et a l . , 1 988; Tsa i ,  L u ,  H ua ,  
Lo, & Lo, 1 994) . 

Variables coded from each study. Coding was carried out by the pr inc i ­
pal autho r  and a research assistant. The f i rst coder eva luated the ent i re data 
set, and re l iab i l ity of cod ing was assessed on a random ly selected subset of 
33% of the sample.  Discrepancies in cod ing  were measu red with Kappa's coef­
f ic ient and Pearson's correlat ion for catego rical data and non-categorical data , 
respect ively (Bryman & Cramer,  1 994) . Ove ra l l ,  the cod ing was very re l iable 
(Mean r = . 89, SO = . 1 9) . Where low rel iab i l it ies were found ,  after d iscussion 
between coders, the part icu lar  var iable was re-coded by the pr inc ipal  author 
us ing a l l  reports. Studies were not weighted on the basis of their research 
qual ity. 

General information coded from each study inc luded: year of pub l icat ion 
and geog raph ical locat ion of sample (North America, Un ited Kingdom , Eu rope, 
Austra l ia ,  New Zealand, or  other) .  

Part ic ipant characterist ics for each study's PO and contro l  samples were 
coded as fol lows: gender (expressed as the percentage of females) ; handed­
ness (expressed as the percentage of r ight-handers) ; and, average age of par­
t ic ipants . 

The fol lowi ng characterist ics were coded for the PO sample on ly: I ntel l i ­
gence measure and mean score; premorbid intel l igence measure and mean 
score; depression measure and mean score; affect ive state of sam ple 
(depressed, nondepressed, or  unselected) ;  medication status (med icated , 
withdrawn from med icat ion,  never med icated,  or  unselected) ;  lateral ity of d is­
ease symptoms (un i lateral ,  b i latera l ,  or  unselected) ; age of onset of symptoms 
(early, less than 45 years o ld ;  late, g reater than 60 years o ld ; m iddle, between 
45 and 60 years o ld ;  or, unselected) ;  phys ical symptoms measure and mean 
score; n umber of part ic ipants at each H oehn and Yah r stage (Hoehn & Yah r ,  
1 967) ; stage of d isease (early, late,  or  unse lected) ;  d isease du rat ion (years) ; 
dement ia measu re and mean score; and cogn it ive status of sample (demented , 
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nondemented , o r  unselected ) .  I n  add it ion , we noted whether the PO group and 
control group were matched (yes/no) , and i f  so ,  the variables used to match . 

The fol lowing task characteristics were also coded : Name of task; rec­
ogn it ion performance meas u re (e . g . ,  percent correct , d', discrim i nab i l ity) ; task 
type (yes-no, n-a lternative) ;  m odal ity (verbal ,  nonverbal 1 ) ;  de lay (delay, no de­
lay) ;  recal l  ( reca l l  before recogn it ion , recogn it ion on ly) ; and adm in istrat ion 
method (com puter, manua l ) .  

F inal ly, a l l  stat ist ical  data needed to conduct the meta-analys is  were re­
corded (e.g . ,  sample sizes, mean scores and standard deviat ions ,  inferent ia l  
stat ist ics, deg rees of freedom , s ign if icance levels) .  

Recognition task inclusion criteria. A wide variety of tasks are used to 
test recogn it ion memory (see M u rdock, 1 974) . In order  to ensu re a homogene­
ous set of tasks, on ly those test ing item information us ing yes-no o r  forced­
cho ice tests with accu racy as the dependent variab le were inc luded .  Th us ,  
tasks us ing batch test ing ,  o r  latency and confidence rat ings were excl uded. 

Meta-analytic procedures. The bas ic approach was model led on the 
m eta-analyt ic techn iques of H u nter & Schm idt ( 1 990) . Most computations were 
made with the he lp  of a spreadsheet or Schwarzer's ( 1 989) Meta-Ana lys is P ro­
grams (Version 5 .3) .  Schwarzer's software was not used for a l l  computat ions 
because modificat ions made by Hunter and Schm idt ( 1 990) to some of  the i r  
form u lae have not  yet been incorporated i nto the program (R .  Schwarzer, per­
sonal commun icat ion,  1 998) . 

Calculation of effect sizes. The standardised m ean d ifference, d (Cohen ,  
1 988) was used as the est imate of ES.  The d stat i st ic  can be def ined as the 
d iffe rence between the g roup  means d ivided by the with in-group standard de­
viation : d = ( Ye - Ye) I Sw, where Ye is the mean of the exper imental g roup,  Ye i s  
the mean of the contro l g roup ,  and Sw is the with in-g roup standard deviat ion .  
The latter is def ined as  the  square root of the with in-g roup  var iance ( Vw) , 
where Vw = [ (ne - 1 )  Ve + (ne - 1 )  Vc] I [ (ne - 1 )  + (ne - 1 ) ] .  Ve i s  the variance for 
the experimental g roup,  and Ve is the var iance for the control g roup ,  and ne and 
ne are the sample sizes for the exper imental group and control g roup ,  respec­
t ively. 

Most ESs were calcu lated d i rect ly from means and standard deviat ions .  
Where th is was not poss ib le ,  d was t ransformed from t-va lues or F-va lues ,  
where, d = t [ (ne + ne) I (nene)] 'lz, and t = --J F. For F va l ues :::; 1 ,  a d value  of  zero 
was assumed .  Where on ly the s ign if icance leve l  was reported, th is  was con­
verted to r and then transformed to d, where d = ( 1 /  (pq) 'lz) r I ( 1 -f) 'lz and p and 
q are the proport ions of  persons in the two groups.  With regard to  calcu lat ing r 
from sign ificance levels ,  when s ign if icance or nons ign if icance was reported 
without further information , the normal (and conservat ive) approach was taken.  
That is ,  when the resu lts were reported as sign ificant ,  p = .05 was assumed 
and when nonsign ificance was reported , p = .50 was assumed. 

Multiple effect sizes from single studies. There is no  genera l ly agreed 
m ethod for dea l i ng  with m u lt ip le  ESs from a single study. I nc l ud ing al l separate 
ESs regard less of the i r  i nterdependence wi l l  actua l ly  lead to an underest imate 

1 Stimulus material that can not be readily label led. 
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of the degree of homogeneity across stud ies ,  but wi l l  not produce any sys­
tematic effect on the mean ES (Hunter & Schm idt, 1 990) .  Where ESs com e  
from d ifferent study characterist ics that act as real and substantial moderators , 
these ESs can be entered into the meta-analys is as independent outcome va l ­
ues (Hunter & Schm idt, 1 990) . However,  others argue that ESs shou ld be i nde­
pendent with each study represented on ly once in an analysis (e . g . ,  Bangert­
O rowns, 1 986) . In the present analys is  there was l itt le  basis for determ i n ing ,  a 
priori, whether a var iab le was a real moderator or not .  Therefore, i n it i a l ly a 
we ighted average ES was calcu lated for each study and entered into the 
overa l l  meta-analys is .  (Note that a weighted average wi l l  be an underest imate 
of  the value that wou ld have been obta ined from an overal l  compos ite var iab le 
if one cou ld be formed; Rosenthal & Rub i n ,  1 986. )  There was one except ion to 
th is ru le :  Where a study reported separate resu lts for two or more independent 
PO groups (e. g . ,  demented and nondemented part ic ipants), a s ingle ES was 
computed for each g roup  ind iv idual ly. Separate control g roups were not re­
qu i red as long as suffic ient informat ion was ava i lable to calcu late ESs for each 
PO group. 

Two papers used some of the same participants to obtain recogn it ion 
data from different st imu l us  m odal it ies (Sagar et  al . , 1 988, and Su l l ivan & Sa­
gar, 1 989) .  For present pu rposes the two reports were t reated as one. Ove ral l ,  
the procedu re used in  ou r  analysis produced more E S  est imates than the n um­
ber of papers from wh ich the data were taken .  I n  total ,  the 22 pub l ished reports 
yie lded a total of  32 independent PO groups.  Therefore, in the overa l l  meta­
analysis there were 32 independent ESs. 

Summary analysis of effect sizes. For the ove ra l l  analysis ,  the weighted 
mean and var iance were com puted based on form u las reported by H u nter & 
Schm idt ( 1 990) : m ean d = LWj � I  LWj = 0 and observed variance of d = L Wj  [� 
- 0]2 I LWj, where 0 is the weighted average of d, and Wj is the sample size of 
each group. A weighted average ES was used s ince large N stud ies have less 
sampl ing error than sma l l  N stud ies and therefore deserve more we ight. 

The popu lat ion ( res idua l )  variance, s2res . was then computed by subtract­
i ng  the sampl ing error var iance, s29, from the observed variance, s2r, where the 
sampl ing error var iance was computed us ing the form u la s29 = [ (N - 1 )  I (N - 3) ]  
[ (4 I N) ( 1  + d I 8) ] ,  N being the average samp le s ize across al l  g roups .  

The est imate of the popu lat ion variance served as the m u lt ip l ie r  in the 
form u la for the 95% confidence interva l (C l ) :  d - 1 .96 (sres) < ES < d + 1 .96 
(sres ) .  Hedges and Olk in ( 1 985 , p .  80) show that d has a smal l  sample b ias.  By 
defin ing a new est imator d*, they remove th is  b ias : d* = d I a,  where a =  1 + . 75  
I (N - 3) . Hedges and O lk i n  use the symbol "d' tor the i r  approximately unbiased 
est imator. To avoid  confus ion ,  we wi l l  use d* to denote this estimator .  The cor­
rect ion can be appl ied e i ther study by study or, as in the present analys is ,  after 
the meta-analys is has been done us ing the average sample s ize (Hunter & 
Schm idt, 1 990) . 

To rel iably i nterpret the estimated popu lat ion ES, the under ly ing data set 
shou ld be homogenous .  H u nter and Schm idt ( 1 990) suggest that a data set can 
be considered homogeneous when most of the observed variance is expla ined 
by art ifacts (e. g . ,  sam p l ing error and error of measu rement in the dependent 
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and independent var iables) . Art ifacts such as measu rement error wi l l  p roduce 
both a systematic reduction i n  the mean ES and a systematic increase in the 
variance of ESs (Hunter & Schm idt, 1 990) . i t  is  possib le to correct a meta­
analys is for the effect of art ifacts ,  provided sufficient information exists about 
the art ifact. However, substant ia l  evidence suggests that sampl ing error is re­
spons ib le for as m uch as 85% of th i s  art ifactua l  var iance (Stoffelmayr, D i l lavo u ,  
& H unter, 1 983) .  Therefore, we decided t o  correct only for sampl ing error . Fu r­
thermore ,  it wou ld be d iff icu lt to correct for other artifacts s ince l itt le  information 
is ava i lable in PO research with wh ich to make the correct ion .  

Once the effect of sampl ing error is removed from the data, the quest ion 
remains :  To what extent can any residua l  variance be explained as due to a rt i ­
facts not corrected for? Hunter and Schm idt ( 1 990) suggest that i f  75% of the 
observed variance is accounted for by art ifacts, then the data set can be con­
sidered homogeneous .  We used H unter and Schmidt's rule of thumb,  but  the 
actual  percentage of variance expla ined by sampl ing erro r is also reported to 
al low readers to judge for themse lves. 

Some authors (e.g . ,  Rosentha l  & Rub in ,  1 982) advocate the use of a 
stat ist ical test based on the ch i -square d istr ibut ion to help determ ine whether 
there is  heterogene ity in a data set. However,  t h is method suffers from al l  the 
usual p roblems associated with stat ist ical s ign if icance test ing .  Most problem­
at ic i s  the power of the test. In data sets conta in ing a large number of stud ies,  
the test wi l l  have h igh power and almost any residual var iance wi l l  p roduce a 
sign if icant resu l t .  Conversely, in s i tuat ions of low power, even large amounts of 
res idua l  var iance may not be detected lead ing  to the conc lus ion that the data 
set is homogeneous when in fact it is not. 

After the effect of art ifacts has been removed from a data set, heteroge­
neity may remain as a result  of m oderating variables. To exam ine the inf luence 
of poss ib le moderators in the present analys is ,  the data set was subd ivided as 
a funct ion of the potent ia l  moderator and each subset was subjected to further 
analys is .  At th is  leve l ,  a s ing le study may contr ib ute ESs to each of the subsets 
provided that a separate ES can be calcu lated as a funct ion of the moderator .  
Two requ i rements had to be met in order for  a variable to be classif ied as a 
moderator. F i rst , the popu lat ion ES had to vary between subsets . Second ,  the 
res idua l  variance in each subset had to be smal ler than that seen in the data 
set as a whole (Hunter & Schm idt ,  1 990) . i t  is legit imate to search for modera­
tors even after the conclus ion has been made that a l l  of the ES variab i l ity is  
due to sampl ing error ( Rosentha l ,  1 995) .  We took th is approach when we sus­
pected further moderators. 

Hunter and Schm idt's ( 1 990) procedu re u sing the least squares method 
for estimating the mean and variance of a d istr ibut ion of ESs is based on the 
assumpt ion that the data do not contain out l iers. They suggest that even a s in ­
g le  out l ie r  can greatly d istort the observed standard deviat ion , and to  a lesser 
extent the mean . Therefore, out l iers were removed from each analysis by ex­
cl ud ing values greater than th ree standard deviations from the mean . Subse­
quently, stem and leaf graphs were used to detect other poss ib le out l iers. 
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Resul ts 

Power analysis 

Results of the power analysis. Table 1 summarises the resu lts of the stat ist ica l  
power analys is ,  based on 48 stud ies and 1 360 power calcu lat ions .  The m ed ian  
power val ues are in  good agreement with those obtained by  other researchers 
(Cohen , 1 962; Sed lmeier & G igerenzer ,  1 989) in the area of abnormal  
psychology. For smal l  ESs ,  none of  the 48 stud ies we examined had s uff ic ient  
average power for t and F tests. Cohen suggests a m in im um power val u e  of 
80%, but even for a medi um ES on ly 1 5  of the studies reached th i s  leve l .  
Assuming (un rea l ist ical ly) a large ES  fo r  recogn it ion memory deficits in  PO ,  1 2  
(25%) of the stud ies had an average power va l ue  of less than 80%. 

Table 1 Summary Statistics for the Statistical Power Analysis 

Mean 
Median 
Standard deviation 
M inimum 
Maximum 
95% confidence interval 

Smal l  
20 b 

1 6  
1 2  
6 

55 
1 7-23 

Effect sizea 

Medium 
63 
67 
24 
1 5  

1 00 
56-70 

Large 
85 
94 
1 9  
32 

1 00 
80-90 

aCohen's (1 988) conventions for effect size (e. g . ,  smal l :  d = .20, medium: d = .50 ,  large:  d = 

.80) .  bPower values are expressed as a percentage. 

In summary, m ost stud ies of memory defic its in  PO have adequate power 
to detect on ly large ESs; the fo l lowing resu lts of our meta-analysi s  strong ly 
suggest that large ESs occur  on ly in  certa in subsets of  part ic ipants i n  th is  f ie ld 
of  research . 

Meta-analysis 

General characteristics. Data from a total of 32 independent PO groups 
taken from 22 stud ies were used in the analys is . 2 At the study leve l ,  77% of the 
stud ies were pub l ished between 1 988 and 1 997 ,  with the rema inder pub l i shed 
between 1 978 and 1 987. At the samp le leve l ,  47% ( 1 5) of the PO samples were 
taken from North America and 44% ( 1 4) from the UK. The rema in ing were 
sou rced from Eu rope (9%) .  The vast majority of PO samples (94%) were 
m atched with a healthy control group, most com monly on age and gender .  The 
remain ing samp les (6%) were compared to an u nmatched control group .  

PO group characteristics. At the samp le leve l ,  84% of the PO groups 
contained less than 25 part icipants, wh i le  on ly  3% exceeded 50. The m ean 
sample s ize was 1 8. 53 ( SO = 1 4.83) .  From the reports that provided suff ic ient 
i nformat ion ,  most g roups (70%) conta ined 40% o r  less females. I n  most g ro ups 

2 
A description of al l  PO groups, their  associated contro l groups, the recognition tasks used, 

and ES data are available from the authors upon request. Please send a 3 .5  inch high density 
diskette. 
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(81 %) ,  the average age of part ic ipants was g reater than 60 years. Across a l l  
g roups, t he  mean age was 63 . 4 1  (SO = 4 .68) .  A majority of the P O  samples 
(75%) contained p redom inant ly n ondemented partic ipants , wh i l e  1 6% were 
demented, and 9% were either unselected or insufficient information was g iven 
to determ ine cogn i t ive status .  

I n  a l l  cases where cogn i t ive status was reported, i t  was confi rmed with 
the use of a quant itative meas u re (e. g . ,  MMSE) .  With regard to depress ion ,  
28% of the studies contained p redominant ly nondepressed part ic ipants wh i le  
no study conta ined predom inant ly depressed part ic ipants . However ,  72% were 
either unselected or th is informat ion was not reported. S ixty-n ine percent of 
groups contained part ic ipants o n  ant iparkinson ian med ication ,  wh i l e  22% 
contained part ic ipants who had never received medicat ion ,  the rema inder  
.being either unselected or  th i s  info rmation was not reported. J ust under  ha lf of 
groups (48%) had a mean d isease du ration of between 5- 1 0  years,  24% had 
less than five years, and 1 5% had a mean d u rat ion over 1 0  years.  H owever, 
this info rmation was not reported for 1 2% of the groups used in the p resent 
analysis. Furtherm ore, for many g roups (34%) ,  i nformation about d isease stage 
was not reported . However, in those reports that did provide th is info rmat ion , 
33% contained part ic ipants in  the ear ly stages of Parkinson 's ,  wh i le  24% were 
made up of part ic ipants in the later  stages of PD.  Nonreporti ng of part ic ipant 
characterist ics, or us ing unselected groups were factors in many stud ies . Such 
characteristics inc luded lateral ity of symptoms, age of onset of symptoms ,  IQ ,  
and est imated premorbid IQ .  

Control group characteristics. The  mean sample size o f  t he  23  
independent control g roups was 24 .6 1  (SO = 1 3 .9 1  ) .  The mean age o f  controls 
was 6 1 . 9 1  years (SO = 7.37) .  Most (67%) control g roups consisted of 40 to 
60% ma les. 

Results of the meta-analysis. Table 2 presents the resu lts of the m eta­
analysis that add ressed the issue  of whether  recogn it ion memory is impa i red i n  
PD .  The overal l  analysis ind icated that substantial heterogeneity existed in  the 
data set. Therefore , the data were subdivided accord ing to the cogn it ive status 
of the part ic ipants ; that is ,  demented, nondemented , and unselected samples .  

Table 2 Cumulated Effect Size (ES) Estimates and Residual Variation as a 
Function of Cognitive Status After Accounting for Sampling Error 

Overall 32 1 401 0 .32 0 . 1 0 0. 1 2  -0.35-1 .01 
a 

Demented 
b 

Nondemented 
Unselected 

. 
4 1 30 1 .30 0 . 1 6 0.00 1 .30-1 .30 

23 

3 

1 039 

1 57 

0 . 1 6 

0 .52 

0 .09 

0.08 

0.00 

0.05 

0 . 1 6-0. 1 6  

0 . 1 1 -0.95 

% Var 

44 
1 00 

1 00 

64 

Note. k = number of ESs; N = total sample size; d* = Hedges and Olkin's ( 1 985) unbiased ES 
statistic ;  S2

e = variance due to sampl ing error; S2
res = residual variance; 95% Cl = 95% 

confidence interval for d*; % Var = percentage of variance attributable to sampling error. 
aone study (Heindel, Salmon, Shults, Walicke, & B utters, 1 989) produced an ES that was 
considered an outlier and so was excl uded from the analysis. bOne study (Sahakian et al . ,  
1 988) produced an ES that was considered an outl ier and so was excluded from the analysis. 
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(We expected that cogn it ive statu s  wou ld  be a moderato r  s ince memory 
impai rm ent  is  a pr inc ip le component of dement ia .  Stud ies that used dem ented 
part ic ipants were inc luded in the meta-analysis so as to quant ify the 
recogni t ion deficit for a l l  part ic i pants . )  The ana lysis was then repeated for each 
subset. 

I n  the demented subanalys is ,  the 95% confidence intervals for each of 
the ESs over lap (see F igu re 1 ). In addi t ion ,  the ES tor every study was g reater 
than . 80 .  ESs of th is  magnitude can be described as large effects ( Cohen , 
1 988) .  The m eta-analysis ind icated homogene ity in th is subset s ince samp l ing 
error accounted tor 1 00% of  the observed variance (see Tab le 2 ) .  The 
magn itude (and 95% confidence interval )  of  the est imated popu lat ion ES  ( d* = 

Appollon io et al . ,  1 994 (N= 1 7) 

Hel kala et al . ,  1 989 (N=41 ) 

Litvan et al . ,  1 991  ( N=22) 

Tiemey et al . ,  1 994 (N=50) 

I 
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Figure 1. Meta-ana lysis plot of the effect s izes for each study entered i nto the 
demented subgroup analys is .  The m ean d tor each study is  shown by the 
points, and the hor izontal l i nes show the 95% confidence interva l .  

1 . 30) provides evidence that, at least i n  th is  sample, demented PO part ic ipants 
suffered from a large recogn it ion memory def ic it. 

In the nondemented subanalys is ,  the confidence intervals also over lap 
(see F ig u re 2 )  and the analysis i nd icates homogeneity (see Table 2) .  The 
est imated popu lat ion ES was . 1 6 . An ES of th is magn itude suggests a sma l l  
recogn it ion deficit in nondemented PO part ic ipants.3 As cou ld be expected from 

3 
This is l i kely to be an underestimate of the population ES as several papers (Breen ,  1 993; 

Cooper et al . ,  1 993; Heindel et al . ,  1 989; Taylor, Saint-Cyr, & Lange, 1 987) reported on ly that 
their results were nonsign ificant. Therefore, an ES of zero was entered into the meta-analysis, 
whereas the actual ES may have been greater than zero . 
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Appol lonio et al . ,  1 994 (N=25) I I 
Bondi et al . ,  1 993 (N=38) I I 
Breen, 1 993 (N=30) I I 
Cooper et al . ,  1 993 (N=67) I I 
Cooper et al . ,  1 993 (N= 1 21 )  
Cronin-Golomb & Braun, 1 997 (N=80) 
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Figure 2. Meta-analysis  plot of the effect s izes for each study entered into the 
nondemented subgroup analys is .  The mean d for each study is shown by the 
points ,  and the horizontal l i nes show the 95% confidence interva l .  Fou r  stud ies 
have m u lt ip le entr ies because they used independent groups of P O  part ic ipants. 

the separate analyses of demented and nondemented cases, the t h i rd s ubset 
of unselected part icipants was not homogenous, although the ES was of 
moderate magnitude. Th is analys is  showed that the est imated popu lat ion  ES 
varied between subsets and the res idua l  var iance in each subset was sma l ler  
than that seen in the overal l  ana lysis . Therefore, cogn it ive status is  a probable 
moderator. 

Fu rther analysis of the nondemented subset indicated that j ust 35% of 
the ESs were g reater than .20, 1 7% of them were greater than .50 ,  and on ly 
one exceeded .80. Moreover ,  30% of  the PO g roups cons isted of  pat ients who 
were newly d iagnosed and had not yet received medicat ion ,  whe reas the 
remainder were receiving ant ipark inson ian med ication . These de novo 
part ic ipants had a much smal ler mean d isease du ration (M = 1 . 96 years ,  SO = 
0.54) than the med icated part ic ipants (M = 8 .55  years, SO = 2 . 1 5 ) ,  d = 3 .58 ,  
95% C l  = 2.20-4. 97) . I n  order to assess whether de novo and m ed icated PO 
part ic ipants d iffered with regard to  recogn it ion  memory, the meta-analys i s  was 
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repeated on these groups separately. As can be seen in Tab le 3, the ES varied 
between subsets and the variance in each subset was explained by samp l ing  
error suggest ing that medicat ion status acts as a moderator of  recogn it ion 
memory def icits in  PD .  Medicated PO part ic ipants had poorer performance 
relat ive to controls ,  whereas de novo part ic ipants did not .  Th is was ind icated by 
an ES of .23 for the med icated g roups ,  a popu lat ion value that the associated 
95% C l  suggests can be viewed with h igh  confidence. There was l itt le evidence 
of a d ifference in recogn it ion memory performance between de novo PO 
part ic ipants and contro ls (d* = . 05 ) .  

Task characteristics within cognitive status subsets. With in  the  demented 
subset , a l l  of the stud ies used a verbal recogn it ion task. In half of the stud ies ,  
the task invo lved recal l  before the recogn it ion phase. In  th ree ou t  o f  the fou r  
stud ies , the task had a forced de lay between the presentat ion phase and the 
recogn it ion phase.  A lso ,  in th ree of the stud ies ,  a yes-no task was used. 

With in  the nondemented subset, the majority (70%) of the stud ies used 
a verbal task and a majority (61 %) also used tasks involving only recogn it ion .  
I n  39% of the stud ies the task had a forced delay, wh i le in a further 43% there 

Table 3 Cumulated Effect Size (ES) Estimates and Residual Variation as a 
Function of Medication Status After Accounting for Sampling Error 

Moderator k N d* S2
e S2

res 95% Cl % Var 

Nondemented 

Medicated
a 

De novo 

1 6  

7 

675 

364 

0.23 

0.05 

0.1 0 

0 .08 

0.00 

0.00 

0.23-0.23 1 00 

0.05-0.05 1 00 

Note. k = number of ESs; N = total sample size; d* = Hedges and Olkin's ( 1 985) unbiased ES 
statistic; S2

e = variance due to sampli ng error;  S2
res = residual variance; 95% C l = 95% 

confidence interval for d*; % Var = percentage of variance attributable to sampling error. 
aone study (Sahakian et a l . ,  1 988) produced an ES that was considered an outl ier and so was 
excluded from the analysis. 

was no de lay. 
The rema in ing studies used both delay and non-delay tasks , but the 

results were averaged across th is factor for the purpose of the meta-analys is .  
F inal ly ,  in the majority (65%) of the stud ies a n-alternative, forced-choice task 
was used , wh i l e  in  3 1 %  a yes-no task was used, and in one study the resu lts 
were averaged across this factor. 

D iscuss ion 

Power Analysis Results 

The stat ist ical power analysisof stud ies on memory deficits in  PO confi rmed 
that for at least smal l and med ium ESs, power was inadequate. Maximum 
power for a smal l  ES was just 55%, and on ly 1 5  of 48 studies had power 2:: 80% 
for a medium ES.  The median power va l ues in the present study ( 1 6 , 67, and 
94%) are consistent with power ana lyses conducted in the area of abnorma l  
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psychology (Cohen , 1 962 : 1 7, 46 ,  and 89%; Sed lmeier & G igerenzer ,  1 989: 1 4 , 
44, and 90%) . 

The general pict u re emerg i ng  from a number of power analyses i n  a 
wide range of subdisc ip l i nes in psycho logy is that many stud ies s im ply do n ot 
have the power to detect the effects they may pred ict, especia l ly when ESs a re 
smal l .  Under such c i rcumstances, it is impossible to decide whethe r  an 
acceptance of the nu l l  hypothesis i s  due to there t ru ly being an ES of zero, or 
due to a too h igh type 1 1  e rror p robab i l ity (due to low power) . 

If it is general ly t rue that stud ies produc ing smal l  ESs a re underpowe red ,  
why not remedy the s it uation by i nc reas ing power? The reasons ,  we suspect, 
are largely of a pract ical natu re .  Power is completely determ i ned by the ES, N, 
and the a lpha (p) level .  I ncreases in  any one o r  more of these wi l l  i nc rease 
power (Cohen, 1 988) . Researchers (and journal  editors) seem rel uctant to 
adjust the alpha level upwards, despite the fact that most wel l-known stat ist ical  
handbooks (e .g . ,  Keppe l ,  1 99 1 ) advocate sett ing the a lpha level on ly after 
carefu l  cons iderat ion of the expected ES and the costs and val u es associated 
with d rawing the wrong conc lus ion from a set of resu lts . In regard to the ES,  
researchers probably t ry to the best of the i r  ab i l ity to el im i nate experim ental 
noise that may have the effect of causing the sample ES to underest imate the 
t rue popu lat ion ES. Thus ,  there is p robably l itt le  room to manoeuvre he re ,  i n  
terms of  increas ing power. The remain ing  variable is N, the n u m ber  of 
part ic ipants. However ,  fo r sma l l  to moderate ESs, sample s izes for m ost 
common stat istical tests have to n u m ber in the h undreds to p roduce around  
80% power .  The cost o f  such a la rge N i s  usual ly prohibit ive. 

These d iff icu lt ies in  obta i n i ng  suff ic ient power, espec ia l ly for sma l l  to 
medium ESs, make it h i gh ly l i ke ly that stud ies of recogn it ion deficits in  PO wi l l  
be underpowered. That i s ,  because the probabi l ity o f  a type 1 1  stat ist ical error i s  
h igh , i t  is un l i kely that smal l  memory deficits wi l l  produce s ign if icant resu lts .  As 
our  power analys is  shows, power levels have general ly been i nadequate to 
detect smal l  to medium ESs. Thus ,  we have l itt le  fa ith in a conc l us ion that 
suggests that recogn it ion memory defic its do not occu r in PO .  

I n  summary, t he  stat ist ical power in  many invest igat ions  of mem o ry 
deficits in PO has been too low. There are strong reasons for bel ieving  that 
researchers wou ld f ind it d ifficu l t  i n  p ract ice to increase power to a sat isfacto ry 
leve l ,  even if they wanted to. We share the view of Schmidt ( 1 996) that t ryi ng to 
improve power in ind ivid ua l  stud ies m ay be too d ifficu lt .  A better approach m ay 
be to increase stat ist ical power by com bin ing the resu lts from several stud ies in  
a meta-analys is .  

Meta-Analysis Results 

The resu lts of the meta-analys is clearly demonstrate that in  the sam ple 
of stud ies reviewed, as expected, demented PO part ic ipants had im pai red 
recogn it ion memory relat ive to contro ls .  The in i t ia l  analys is also revealed 
evidence of a much smal ler recogn it ion  deficit in nondemented PO part ic ipants .  
Further analysis of the n ondemented cases ind icated that m ed ication was a 
moderat ing variable; that is , there was a smal l  recogn it ion memory defic it i n  
med icated PO part ic ipants, but l itt l e  evidence of impai red recogn i t ion in  de 
novo part ic ipants. 
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Previous reviews of memory fun ct ion i ng  in PD have genera l ly made l itt le 
d ist inct ion between demented and nondem ented part ic ipants with rega rd to 
recogn it ion memory. The present analys is  makes it clear that g lobal cogn it ive 
status  needs to be taken into considerat ion ,  especial ly at the primary research 
leve l .  Nevertheless, the concept of PO dementia has been under debate for 
some t ime and so wi l l  not be covered here. Therefore, the remainder  of the 
p resent d iscussion wi l l  focus on the analysis involving nondemented 
part ic ipants. 

The meta-analysis provides evidence for recogn it ion impairment in  on ly 
m ed icated part ic ipants. lt is therefore poss ib le that antiparkinson ian m ed ication 
contr ibutes to the observed impa i rm ent in  these part ic ipants . But th i s  seems 
u n l ike ly, because a number of studies have shown that dopaminerg ic  therapy 
has no effect on memory performance, or m ay actual ly improve it (Cooper et 
a l . , 1 993; C rowdon ,  Cork in ,  & Rosen ,  1 990; EI-A war et a l . , 1 987; Lange et a l . ,  
1 992 ; Mohr et a l . ,  1 989) . I n  add it ion , Huber, Shu lman, Pau lson ,  and 
Sh utt leworth ( 1 987) found that delayed recogn it ion memory was not affected by 
the absolute dopam ine leve l ,  but was state dependent. I n  other words ,  changes 
in dopam ine level between learn i ng  and recogn it ion phases p roduced 
recog n it ion deficits in PO part ic ipants that were not evident when dopam ine 
was held constant. The issue is more complicated for ant icho l i nerg ic 
m ed icat ion s ince i t  has been found to have both no affect (Appo l lon i o  et a l . ,  
1 994; Bond i  & Kaszn iak, 1 99 1 ; Levin ,  L labre, Reisman , Weiner ,  & B rown , 
1 99 1 ; Sahakian et a l . , 1 988) and a detr imental affect (Oubois et a l . , 1 987; van 
Spaendonck, Berger, Horst ink ,  Buytenh u ijs ,  & Cools ,  1 993) on recogn it ion 
memory. A recently completed study involving 41 nondemented PO part ic ipants 
(Wh itt i ngton & Podd, 1 9994) fai led to find a relationsh ip  between levodopa 
dose and recogn it ion memory (verbal or nonverbal ) .  Th is f ind ing was rep l i cated 
with the same part ic ipants afte r  an interval of six months .  Furthermore, there 
was l it t le o r  no d ifference in  recogn it ion memory between part icipants rece iv ing 
ant icho l inergic med icat ion and those rece iv ing only levodopa preparations.  
Therefore, there is no  compel l ing evidence that PD medication per se b rings 
about recogn it ion memory deficits. 

Other d iffe rences between med icated and de novo patients may p rovide 
an explanation for the d iffe ren ce in recogn it ion performance. For instance ,  the 
de novo patients general ly had shorter d isease durat ion and were at an ear l ier  
stage than the medicated part ic ipants . Although the relat ionsh ip between  m otor 
d isabi l ity and cogn it ive dec l ine is not stra ightforward (Starkstein & Rob inson , 
1 99 1  ) ,  there is some evidence that late stage part ic ipants show g reater 
recogn it ion memory deficits than those part ic ipants in the early stages ( Lees & 
Sm ith , 1 983 ; Owen et a l . , 1 992 ; Sahakian et a l . , 1 988; Wh itt i ngton & Podd, 
1 999) . Owen et al .  found only a smal l pattern recogn it ion memory defic it both in 
de novo part ic ipants (d = .06 ,  95% C l  = - .46-.58) and in med icated ear ly PO 
partic ipants (d = . 1 9 , 95% C l = - . 33-.7 1 ) ,  but  a larger impa i rment in med icated 
advanced PO part ic ipants (d = .56 ,  95% C l  = .02-1 .09) . Lees and Sm ith a lso 
found  only a smal l  recogn it ion memory defic i t  in de novo PD part ic ipants with 
m i ld  symptoms (d = .06, 95% Cl = - .46-.57) .  ( l t  shou ld  be noted that the 

4 
The raw data are avai lable from the authors upon request. Please send a 3 .5  inch h igh 

dens ity diskette.  
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ca lcu lat ions of the d and Cl val ues a re o u rs for the above two papers and do 
not appear in  the or ig ina l  pub l icat ions . )  S im i lar ly, Wh itt ington and Podd found  
that ,  relat ive to healthy contro ls ,  early P O  part ic ipants had sma l le r  nonverbal 
recogn it ion memory def ic its ( d  = .47, 95% Cl = - .03-.96) than advanced PO 
part ic ipants (d  = . 97, 95% Cl = .4 1 -1 .53) . These resu lts were rep l icated after 
an interval of s ix m onths and a lso with a verbal recogn ition memory task. 

Depression is another  factor that has been related to the severity of 
cogn it ive impairment in PO (Starkste in et a l . ,  1 989) . l t  has been suggested that 
depression and cogn it ive impa i rment i n  PO may interact, acce lerat ing the 
p rogress ion of overa l l  impa i rm ent (Starkstei n ,  Bo lduc ,  Mayberg , P reszios i ,  & 
Robinson,  1 990) . Alternatively, Starkstei n  et a l .  ( 1 990) suggest that "there may 
be two forms of PO :  one with depress ion and rapid cogni t ive dec l i ne  and one 

_without depression  and a g radual  cogn i t ive dec l ine" (p .  597) .  E i ther  of  these 
scenarios is potent ia l ly p roblemat ic for the present analys is  because near ly 
th ree-quarters of the stud ies sampled do not appear to have excl uded 
part ic ipants with depressi on or  cont rol led for d ifferences i n  level of depression .  
Compl icat ing the  issue fu rther is the  evidence that depression may have l it t le 
impact on recogn it ion memory in PO (Owen et a l . , 1 993) or  i n  h eal thy elder ly 
people (Boone et al . ,  1 995) .  Wh itt i ngton and Podd ( 1 999) exam ined the 
contr ibut ion of depress ion to recogn it ion memory impairment by d iv id ing the i r  
PO g roup into nondepressed and depressed subgroups accord i ng  to a cut-off 
score of 1 0  on the Geriatr ic Depress ion Scale (Yesavage et a l . , 1 983) . The 
resu lts showed that depressed ind ividua ls  had a g reater nonverbal recogn it ion 
memory deficit (d  = .82 ,  95% C l  = .26-1 .37) than nondepressed PO 
part ic ipants (d = . 54, 95% Cl  = .02-1 .06) . However, when tested s ix  months 
later, although overal l  ESs had decreased, there was l itt le evidence of a 
d ist inction between depressed and nondepressed PO part ic ipants (d  = . 28 ,  
95% Cl  = - .24-.79, and d = . 3 1 , 95% C l . = - .23-.85, respect ive ly) .  A s im i la r  
pattern of resu lts was found for verbal recogn it ion memory. 

Taken together, these data suggest that medicat ion and affective 
symptomology a re un l ikely to account for the clear d ist inct ion between de novo 
and med icated PO part ic ipants with regard to recogn it ion memory defic its. The 
d issociation in memory dysfunct ion is  mo re l i kely re lated to  motor d isab i l ity; 
however, it shou ld not be inferred that both memory and motor deficits share a 
common pathology. Wh i le  most of the card inal s igns of PO resu l t  from 
dysfunction of dopaminerg ic  mechan isms,  there is l itt le cor re lat ion between 
these signs and cogn it ive performance (P i l lon  et a l . , 1 989) . However ,  cogn it ive 
dysfunct ion is more l i kely to be related to motor d isab i l ity that is un respons ive 
to levodopa therapy (e. g . ,  gait d isorder) , in  the sense that these two 
impai rments may share a comm on nondopam inerg ic  neu rochem ical patho logy 
( P i l l on  et a l . , 1 989; Sagar, Atch i son , Doherty, Bal l ,  & Cooper, 1 995) .  Moreover, 
impa i rment in recogn it ion memory " . . .  may be med iated by nondopam inerg ic  
m echanisms such as  alterat ions of chol inerg ic ,  noradrenerg ic, o r  seroton inerg ic  
p rojections to  the neocortex and  h ippocampus" (Lange, Pau l ,  Robb ins ,  & 
Marsden, 1 993, p .  477) . Support for th is  l i ne  of reason ing comes from research 
ind icat ing that there may be two subg roups of PO (Zetusky, Jankovic ,  & 
P i rozzolo, 1 985) .  Zetusky et a l .  suggested that the fi rst p resents with 
p redom inant t remor, earl ie r  age at onset, and relatively normal fun ct ional  and 
cogn it ive status.  The othe r  p resents wi th predom inant postural  i nstab i l ity and 
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gait d isorder ,  later age at onset, g reater funct ional and cogn it ive impairment ,  
dysarth r ia ,  dysphagia, and m ore rap id  prog ress ion.  

In summary, nondemented , m ed icated PO part ic ipants appear to be 
i mpai red on tests of recogn it ion memory, but part ic ipants early in the course of 
the d isease who have never rece ived medication appear to have normal  
recogn it ion memory. l t  is un l ikely that medicat ion a lone can account for the 
d ifference. Rather, it seems that nondopaminerg ic CNS abnorm al it ies under l ie 
both the recogn it ion memory def ic i t  and motor d isab i l ity not a l leviated by 
levodopa therapy. Such a view is consistent with the f ind ing that recogn it ion 
deficits are g reater in  PO pat ients with more severe motor disab i l i ty. F inal ly ,  PO 
is a comp lex d isease and the consensus of opin ion suggests that memory 
d i stu rbances are the resu lt of degenerat ion i n  mu lt ip le systems (Brown & 
Mars<)en , 1 990; Hammond-Tooke & Po l lock, 1 992) .  

Theoretical Implications 

Many commentators have d iscussed the d issociat ion between 
recogn it ion and recal l  and its theoretical im pl icat ions for expla in ing the 
mechan isms lead ing to memory defic i ts in  PD.  l t  has been suggested that th is 
d i ssociat ion demonstrates that PO does not affect the encod ing of new 
m ater ia l ,  but  d isrupts contro l  and retr ieval strateg ies (Brown & Marsden, 1 988; 
Mahu r in et a l . ,  1 993) . Others have suggested that the d ifferen ce may s imply be 
an art ifact of task difficu lty (Appo l lon io  et a l . , 1 994; Bondi  & Kaszniak, 1 99 1 ; 
B reen ,  1 993 ; Tsai et a l . , 1 994) .  Thus ,  if the recogn it ion task was made m ore 
d ifficu lt o r  'effort-demanding'  PO part ic ipants shou ld beg in  to show a deficit 
relat ive to controls (Breen , 1 993) . To our knowledge, only one study 
(Wh itt i ngton & Podd, 1 999) has tested this theory d i rect ly by vary ing the 
d ifficu lty leve l with in a s ing le recogn it ion task. However, Owen et a l .  ( 1 993) 
reported the resu lts of a supp lementary analys is wh ich lend support to th is  
posit ion .  When we re-analysed some of  the i r  data i n  terms of  actua l  ESs ,  we 
found  that set 2 of the i r  pattern recogn it ion memory task was more d ifficu lt than 
set 1 of the same task. I nterest ing ly ,  med icated part ic ipants with severe PO 
showed signs of impai red memory relat ive to controls on set 2 ( d  = . 37, 95% C l  
= - . 1 7-.9 1 ) ,  but not o n  set 1 ( F  < 1 ) . Owen et a l .  reported nons ign if icant resu lts 
both for set 1 and set 2, probably because they had insuff ic ient stat ist ical 
power to detect a l l  but the largest effects (9, 34, and 70% power for smal l ,  
m edi um ,  and  large ESs, respect ive ly) .  Wh itt ington and Podd used a nonve rbal 
recogn it ion memory task specif ica l ly to exam ine the issue of task d iff icu lty. A 
pre l im inary ana lysis of the i r resu lts i nd icates that PO part ic ipants demonstrated 
g reater impa i rment at the hard leve l of d ifficu lty than at the easy leve l ,  re lat ive 
to contro ls . Therefore, making the recogn it ion task more demand ing appears to 
i nc rease the deficit . 

O u r  present resu lts do not s upport the view that recogn it ion memory 
deficits are absent in PD.  Thus ,  the s im ple theory that Parkinson ians have l it t le 
o r  no  d iff icu lty encod ing new information ( intact recogn it ion system) wh i le  
havi ng  problems with informat ion retr ieval (fau lty reca l l  system ;  Ruberg & Ag id ,  
1 988) , needs mod ificat ion . I n  fact, a general theory of  cognit ive dysfunct ion i n  
P O  must take into account not on ly  that a recogn it ion def ic it does occur  in  th i s  
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neu rodegenerative d isorder ,  but  that th is deficit may grow with d isease 
severity. 

Research Implications 

Wh i le meta-analysis is  not without cr i t ic ism (see H u nter & Schm idt ,  
1 990), it has many advantages over narrative reviews . However, any m eta­
analys is  is l im ited by the ava i lab le database. Unfortunately, many potent ia l  
moderators of the observed recogn it ion impairment cou ld not  be tested in  the 
present analysis .  This was due in  part to a lack of research f ind ings ,  but  a lso 
because the a ims of some stud ies d id  not necess itate provid ing informat ion we 
requ i red for the m eta-analys is .  Potential moderators inc lude task var iables 
such as m odal ity and delay, and part ic ipant variables such as age of onset of 
symptoms,  symptom d u rat ion ,  type of motor sym ptoms, and depression  (e .g . ,  
Beatty, 1 992; Karayan id is ,  1 989; Levin et a l . ,  1 992; Sagar & Su l l i van , 1 988; 
Saint-Cyr & Taylor ,  1 993;  Starkstein et al . , 1 989) . If any sense is to be made  of 
these moderators, i nvestigators need to consider pub l i sh ing s uff ic ient 
information to a l low the i r  f ind ings to be used in  futu re meta-analyses. We also 
strongly encourage invest igators to consider the imp l ications of low stat ist ical 
power, demonstrated by our analys is .  

Some PO research has i nd icated that recogn it ion may be impa i red at 
very short retent ion intervals but not after a delay period (Cooper et a l . , 1 993 ; 
Sagar et a l . ,  1 988; Su l l ivan & Sagar, 1 989) . Support has come from other 
stud ies that have found  normal delayed recogn it ion in nondemented medicated 
PO part ic ipants (e. g . ,  Appol lon io  et a l . , 1 994; Dewick, Han ley, Davies, P layfer ,  
& Turnbu l l ,  1 99 1 ; Gabrie l i ,  S ingh ,  Stebbins ,  & Goetz, 1 996; Huber et a l . , 1 987; 
Taylor et a l . ,  1 986) . H owever, when we calcu lated ESs for these stud ies we 
found smal l to medium effects ind icat ing poss ib le  delayed recogn it ion memory 
deficits. it is not su rpr is ing that these stud ies reported nonsign if icant f i nd i ngs 
s ince in  no study was there more than 1 4% power to detect smal l  effects .  

Conclusions 

The power analys is revea led that ,  in general , studies of memory def ic i ts 
in  PO (as i n  many other  research areas) have not had suff ic ient power to detect 
smal l  to medium ESs. Yet there is  no  doubt ,  fo r both pract ical and theoret ical 
reasons,  that it is important to demonstrate the presence of these smal ler E Ss.  
The least controversial way of i nc reasing power is  to use larger part ic ipant 
numbers, but for sma l l  ESs, very large (and often unattainable) numbers are 
requ i red.  A very acceptab le alternat ive is to pool the resu lts of several sma l l  
stud ies in  a meta-analys is .  When we d id  th is ,  we found com pel l ing evidence 
that, as m ight be expected, demented PO part ic ipants suffer  from a la rge 
recogn it ion memory deficit relative to contro ls .  Nondemented Park inson ians 
have a much smal ler  deficit wh i l e  de novas appear to have normal  recog n it ion .  
Researchers in  th i s  area now need to consider the mechanisms respons ib le  for 
both impa i red reca l l  and impa ired recogn it ion memory in  PD .  

F ina l ly, we strong ly u rge a l l  researchers to  ensure that the i r  pub l ished 
data contains suff ic ient info rmat ion to al low them to be inc luded in  m eta­
analyt ic reviews. i t  seems un l ike ly (and perhaps even undes i rable) that m ost 
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i n d iv idua l  stud ies wi l l  ever be able to ach ieve sat isfactory stat ist ical  power 
leve ls for analys ing sma l l- to med i um-s ized effects. Hence, meta-analyses w i l l  
be requ i red to  he lp  researchers reach general conc lus ions .  These meta­
analyses can only be as good as the data they are based on ,  most of wh ich i s  
obtained from ind ividua l  research papers. 
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