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ABSTRACT 

 

 The investigators of this study set out to determine if extended Reaction Time (RT) in people with 

Parkinson disease is due to impairments in the ability to initiate and execute motor movements, a deficit in 

cognitive processing function, or a combination of the two.  Specifically, the purpose of this study was to 

examine the nature of the relation between RT and cognition on two tests, one that measured RT and 

another that did not.  We proposed that if RT is an index of cognitive processing, then it should correlate 

negatively with measures of cognition (i.e. as RT increases, cognitive measures decrease).  If increased 

RT in Parkinson disease is purely a function of motor impairment, then the pattern of RT for individuals 

with Parkinson disease should mirror that of a control group but with generally longer RTs.  Participants 

were given a general measure of cognition (paper/pencil test) and a computerized battery of cognitive 

tasks that incorporated RT and accuracy across varying levels of complexity. Results indicated overall 

lower scores on measures of general cognition for the group with Parkinson disease in comparison with 

scores of the control group.  The Subject group also demonstrated lengthier reaction times on the 

computerized measures (CalCAP) than that of the Control group.  However, the Subject group’s results on 

the DRS-2 did not negatively correlate with measures of RT making it difficult to determine if deficits in 

cognition played a role in the extended RT.  Group comparisons revealed significant differences on a 

number of the measures both with regard to RT and accuracy.  These results could indicate cognitive 

component in increased RT of the Subject group.  However, the results obtained were far from conclusive 

and overall we were unable to determine the underlying cause of extended RT in our subject group.   
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INTRODUCTION 

 

 

 

“Parkinson disease”, also known as paralysis agitans, is considered one of the most common 

neurodegenerative diseases, with the exception of Alzheimer’s disease (Stern, 1993).  It is a chronic, 

progressive disease that affects millions of individuals.  In fact, 1.5 million Americans currently suffer from 

Parkinson disease, with approximately 60,000 new cases being diagnosed every year (National Parkinson 

Foundation [NPF], 2004). This number of people accounts for approximately one percent of the United 

State’s population (Stern, 1993).  Parkinson disease is diverse in nature and can be expected to differ 

from patient to patient regarding age of onset, mode of onset, prominence of the cardinal signs and 

symptoms, rate of progression, and degree of resulting functional impairment (Sabbagh, Silverberg, 

Bircea, Majeed, Samant, Caviness, Reisberg, & Adler, 2005).   

In a pivotal study on the nature of Parkinson disease, conducted by Hoehn and Yahr (1967), two-

thirds of the patients reported that the disease began between the ages of 50 and 69. This information is 

consistent with the more current findings of Stern (1993) who reported the mean age of onset to be 60 

years old.  The study by Hoehn and Yahr also reported that one third of the 802 patients participating were 

below the age of 50, establishing that onset can occur at a younger age, setting the stage for a clinical 

sub-type known as early onset Parkinson disease.    

Although the exact cause is not known, Parkinson disease is characterized as a progressive 

disease that affects the nuclei of the midbrain that effect movement control.  A primary location of the 

degeneration is the substantia nigra.  The substantia nigra is located in the midbrain, a grouping of several 

nuclei adjacent to the thalamus deep in the brain (Lang and Weiner 1992).  The basal ganglia receives 

input from several sites, including the substantia nigra, and by way of the basal ganglia control circuit, the 

substantia nigra contributes to controlling muscle movement in a person’s trunk and limbs.  Damage to the 

basal ganglia, more specifically the substantia nigra, results in a reduction of the neurotransmitter 

dopamine, leading to the appearance of involuntary movements as well as difficulty performing voluntary 

movements. (Desmurget, Gaveau, Vindras, Turner, Broussolle, & Thobois, 2004).   

Parkinson disease is thought of primarily as a disease of motor control (Berry, Nicolson, Foster, 

Behrmann, & Sagar, 1999).  Because dopamine is a natural inhibitor of unwanted movement, when the 

majority of it is depleted, the motor symptoms of Parkinson disease begin to arise (National Parkinson 

Foundation [NPF], 2004). Cardinal features of PD include resting tremor, muscle rigidity, and slowness of 

movement, or bradykinesia (Sabbagh et al. 2005).  Of these features, resting tremor is most frequently the 

initial symptom of the disease.  In fact, this sign has been found to have predictive value in that Parkinson 

disease that is accompanied first by tremor has been shown to progress more slowly than the disease that 

presents with other heralding symptoms (Hoehn and Yahr, 1967).  Another of the symptoms, muscle 

rigidity, is present when a person experiences unusual stiffness and has difficulty moving due to the 
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restricted range of muscle movement of the affected structures.  Although these initial symptoms may only 

be evident on one side of the body, as the disease progresses, there is an eventual presentation of 

symptoms bilaterally. 

Two of the most hindering features of Parkinson disease are bradykinesia, which occurs when a 

person’s movement becomes slow, and akinesia, or the inability to initiate movement (Gauntlett-Gilbert & 

Brown, 1998).  The term bradykinesia was first coined by James Parkinson to describe one of the cardinal 

features of the disease and may be caused by muscle weakness, rigidity, movement variability, or even by 

the slowing of thought (Berardelli, Rothwell, Thompson, & Hallett, 2001).   

While the motor impairments just reviewed are often considered the primary signs of Parkinson, 

they contribute to other features that present as well.  These may include a shuffled walk, imprecise 

speech, and cramped handwriting (micrographia).  As a cardinal sign, muscle rigidity, in particular, is an 

underlying impairment of Parkinson disease that manifests itself in the form of these co-morbidities.   

Although a cure has not yet been found for Parkinson disease, there are medications that can 

help alleviate some of the symptoms.  Levadopa is a dopamine repletion drug that many people with 

Parkinson disease take to alleviate the symptoms of rigidity and bradykinesia, and it has been referred to 

as the most effective symptomatic treatment for Parkinson disease (Thanvi & Lo, 2004).  Upon ingestion, 

the body converts the drug to dopamine, which can in turn suppress the tremor and even improve mental 

function for people diagnosed with Parkinson disease (Thanvi and Low).  In spite of its primary use for 

motor symptoms, Levadopa has been reported to have positive effects on cognition in patients.  This 

positive cognitive effect has been reported by patients taking the medication, who described feeling as if 

they are more alert after taking Levadopa. They are often more attentive and their activity tends to be 

more spontaneous (Duvoisin, 1978).   

Parkinson disease is known more for impairments in the motor system, but cognitive decline is a 

common manifestation as well, especially as the disease progresses (Sabbagh et. al, 2005).  Specifically, 

individuals with Parkinson disease might experience cognitive impairments with executive function tasks, 

set switching, and working memory (Press, Mechanic, & Manoach, 2002).  The dysfunction in the loop 

between the caudate nucleus of the basal ganglia and the prefrontal cortex resulting from striatal 

dopamine deficiency is presumed to underlie the cognitive deficits of PD (Berry et al. 1999).   

A more subtle form of cognitive impairment in the form of slowness of thinking (bradyphrenia) and 

word finding difficulties occurs in a majority of patients (Thanvi, Munshi, Vijaykumar, and Lo, 2003).  The 

prevalence of cognitive impairment in those with Parkinson disease ranges from 2% in a study by 

Hietanen and Teraviainen (as cited in Papapetropoulos, Ellul, Polychronopoulos,and Chroni, 2004) to 81% 

in an unselected patient population in a study by Martin et al. (as cited in Papapetropoulos et al. 2004).  

Dementia also accompanies these symptoms in 20% to 40% of patients as reported by Weintraub, 

Moberg, Duda, Katz, and Stern (2004).  However, dementia is more common in patients with late onset 

disease, or onset after the age of 65 and often takes the form of memory difficulties that include problems 
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with planning, distractibility, slowed thinking, lack of motivation, and deficits in visuospatial skills (Thanvi et 

al. 2003). 

  In order to examine the nature of Parkinson disease researchers have adopted tests that include 

reaction time.  Reaction time (RT) has been referred to as an index of information processing, thus a 

slowed reaction time is often interpreted as slowed processing or cognitive impairment (Gauntlett-Gilbert 

et al. 1998).  While that is the inference for a normal individual, it may not apply to individuals with 

Parkinson disease.  Instead, the slowed response might relate to the type of motor impairment present in 

individuals with Parkinson disease.  Therefore, an interpretation of cognitive slowing due to a reduced RT 

in studies with Parkinson may be inaccurate.   

Studies have been conducted to examine cognitive decline in PD, and to determine if it is directly 

correlated to increased motor impairment as the disease progresses, as seen in a longitudinal study 

conducted by Aarsland, Andersen, Larsen, Perry, Wentzel-Larsen, Lolk, and Sorensen (2004).  In the 

beginning of their study, patients with PD were given the Mini-Mental State Examination (MMSE) to 

assess for cognitive impairments.  They were then assessed for severity of motor symptoms using the 

Unified Parkinson Disease Rating Scale (UPDRS) and the Hoehn and Yahr scale.  Reassessment took 

place every four years, with a total of three visits that spanned 8 years.  The authors found that patients, 

who were diagnosed with Parkinson disease without coexisting dementia at the beginning of the study, 

were found to have very little cognitive decline over a period of eight years.  In fact, the PD patients who 

did not develop dementia throughout the study, based on the results of the Mini-Mental State Examination 

and The Dementia Rating Scale administered during visits two and three, were similar to that of 

nondemented elderly control subjects.  The Parkinson patients that developed dementia after the first 

testing period, but did not have cognitive impairments at the beginning of the study, demonstrated more 

cognitive decline over the eight-year study.  Another conclusion of the study was that one of the predictors 

of more rapid cognitive decline in the PD patients was the existence of more severe motor symptoms at 

the beginning of the study, thus implying that motor impairment may have a correlation with cognitive 

state.   

More specific measures have also been used to study the predictive nature of reaction time 

deficits for motor impairment severity in Parkinson disease.  Some researchers have tried to study the 

reliability of using a simple or choice reaction time task to screen people for the disease, since patients 

with Parkinson disease exhibit signs of bradykinesia, or slowness of movement.  In a study by Johnson, 

Vernon, Almeida, Grantier, Singarayer, and Job (2004) the diagnostic properties of a choice reaction time 

task were examined.  Patients with Parkinson disease were recruited to participate in a reaction time task 

that began by watching a fixation point (asterisk) in the center of a computer screen while holding down 

the home key.  They were then given an ‘uncued’ task that provided no advance information regarding the 

location of an upcoming stimulus.  A ‘cued’ task was also given in which an arrow appeared in place of the 

fixation point for two seconds after its disappearance from the screen, to cue the location of the upcoming 

stimulus.  The subject’s required response to the stimuli was to move the index finger of their dominant 
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hand from the home key to a response key when their visual stimulus (an asterisk) appeared on the 

screen in front of them.  Correlations were computed between the UPDRS, which determines the severity 

of motor symptoms, and RT.  All of the participants had scored within the mild to moderate severity range 

for motor symptom severity which correlated significantly with their overall performance on the ‘cued’ and 

‘uncued’ RT tasks.  According to the authors, the results suggested that RT tasks were good predictors of 

the severity of Parkinsonian symptoms, particularly when considering the movement component of RT.  

This conclusion would suggest that the motor impairment is the underlying factor for increased RTs.   

Low, Miller, and Vierck (2002) found that people with Parkinson disease exhibited deficits in both 

premotor (cognitive) and motor processes when performing RT tests.  The researchers used a lateralized 

readiness potential (LRP) derived from event-related potentials (ERPs).  ERPs were recorded at 

electrodes placed on the hand areas of the primary motor cortex.  The ERPs reflected an increase in EEG 

activity during the RT task. The authors used a time locking procedure that allowed for partitioning of the 

RT interval into premotor (the interval between stimulus onset and LRP onset) and motor (the length of 

behavioral response) components.  The moment between stimulus onset and LRP onset was time locked 

(S-LRP) and used as an estimate of premotor processing duration.  The time latency between the onset of 

LRP to the onset of the response was time locked (R-LRP) and used to estimate the duration of motor 

processes.  The premotor and motor processes were examined during a simple and choice reaction time 

task in which the difficulty of size discrimination and the difficulty of the required responses were 

manipulated.  The study revealed the patients with Parkinson disease were slower to initiate responses 

than the age-matched controls.  In all conditions, the S-LRP began later relative to the control subjects, 

thus indicating that the slower premotor processing contributed to the overall delay in RT for the Parkinson 

disease group.  The majority of the Parkinson subjects were in the early stages of the disease, suggesting 

a cognitive component to PD that was not related to a dementing process.   

Deficits in motor processing speed during the more complex task were also indicated by the 

results of the study.  With simple responses, the motor processing time was relatively equivalent to that of 

the control group.  However, on complex response trials, Parkinson patients were on average 180 ms 

slower than control subjects to complete a response, indicating a significant difference of motor processing 

speed.  Based on the results of the study, the authors concluded that RT slowing in the Parkinson disease 

patients stemmed from both motor and premotor impairments.     

Contradictory findings, however, were reported by Weiss, Stelmach, Chaiken, and Adler (1999), 

who found that the increased reaction time with PD did not result from qualitative disturbances in their 

premotor programming, but instead from problems in their ability to initiate motor movements.  Nine PD 

patients and 9 age-matched controls participated in the study.   Weiss et al. studied the ability of PD 

patients to use advance object size information in a complex prehension (reaching) movement.  After a 

precue was provided, either the same object or a different sized object was illuminated at the same 

position on a table which acted as a ‘go’ signal for subjects to execute a prehension movement as quickly 

as possible.  The results indicated that the use of valid advanced information reduced RT in both the PD 
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patients and the controls when grasping either object.  If an invalid precue was given, and the subjects 

could not make use of their prepared motor program, RT was longer.  This difference in RT was 

interpreted as the time needed to reorganize the motor program if cues were incongruent with the stimulus 

item.  Thus, the clear reduction of RT in the valid precue condition indicated that the PD patients benefited 

from the object size precue in the preparation of their prehension movements in a similar way as the 

control group. 

In a study by Weiss, Stelmach, and Hefter (1997), RT of individuals with Parkinson disease during 

execution of a two-segment movement was examined.  Fifteen subjects with Parkinson disease, who were 

in stages II, III, or IV on the Hoehn and Yahr scale, and 15 age matched control subjects took part in the 

study.  Subjects were asked to perform arm drawing movements as quickly as possible from a starting 

point to a defined target location on a digital tablet after being presented with an auditory stimulus.  They 

were then instructed to move the stylus back to the starting point and wait for the next auditory stimulus to 

be given.  Three different conditions were used and the movement kinematics were analyzed.  The 

conditions that were used were (a) condition ‘simple’, (b) condition ‘large’, and (c) condition ‘small’.  

Condition ‘simple’ included the patient drawing a 10 cm horizontal line from the starting point into a 2X2 

cm2 square from right to left toward the body’s midline.  Condition ‘large’ included drawing a 10 cm line, as 

in the ‘simple’ condition, and proceeding with a movement reversal away from the body midline to a 

second 2X2 cm2 square 10 cm from the first target.  During condition ‘small’ the process was the same as 

condition ‘large’ except that the second square was 0.7X0.7 cm2.  Movement kinematics were computed, 

thus determining the time and ampde of peak velocities, peak accelerations, and peak decelerations in 

both movement segments, as well as the lowest velocity value at the reversal point between the 

segments. Using these kinematic landmarks, the following dependent measures were computed: 

movement time (MT), time for the first segment (TS1), time for the second segment (TS2), pause duration 

(P), time to peak velocity (TPV), deceleration time (DT), time to peak acceleration (TPA) and time to peak 

deceleration (TPD).  The results indicated that the Parkinson patients had preserved motor programming, 

but disturbed program implementation.  The between group comparisons revealed that movement 

kinematics of both groups (PD and control) varied with target size, but PD patients executed their 

movements slower than control subjects.  The amplitudes of peak velocity, peak acceleration and peak 

deceleration were reduced in both groups when increased accuracy requirements were necessary.  The 

first segment in all three conditions, which was identical, indicated that the adjusted kinematics could be 

explained as correct encoding of the movement context in both groups resulting in preserved motor 

programming in the PD patients.   

Contrary to the findings of Weiss et al. (1997), Berardelli et al. (2001) proposed that bradyphrenia 

could lead to bradykinesia by interfering with movement planning thus increase reaction time.  They also 

stated that programming and execution are usually thought of as separate and sequential operations, but 

it is possible that they could overlap.  The question is whether or not patients have an increased reaction 

time because they are slow in their movement initiation or because they have a problem preparing the 
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instructions to move.  Obviously there are many factors that could affect a person’s motor movement, and 

results from the studies designed to examine those factors have been conflicting, both from the standpoint 

of their results obtained as well as their methodology. 

Purpose 

Increases in RT for individuals may be related to impairment in the ability to initiate and execute motor 

movements, a deficit in cognitive processing function, or perhaps a combination of the two.  Therein lies 

the dilemma for individuals with PD who have been identified as having extended RT.  The purpose of this 

study was to examine the nature of the relation between RT and cognition on two tests, one that measures 

RT and another that does not.  Specifically we proposed the following: 

1) If RT is an index of cognitive processing, then it should correlate negatively with independent 

measures of cognition (i.e. as RT increases, cognitive measures decrease). 

2) If increased RT in Parkinson disease is purely a function of motor impairment, then the pattern of 

RT for individuals with Parkinson disease should mirror that of a control group with generally 

longer RT (to account for motor impairment). 
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METHODS 

 

 

 

Participants 

Fifteen individuals with Parkinson disease were recruited from the practice of a local Neurologist as well 

as from a local Parkinson Support Group (see Table 1).  In addition to the individuals with Parkinson 

disease, 10 participants, roughly matched for age and education, who had no history of neurological 

compromise were recruited to serve as control subjects (Table 2). 

 

 

 

Table 1 
Subject Group Features 

Gender Ethnicity Age Range Average Age Education 

Range 

Average 

Education 

13 Males 

2 Females 

13 Caucasian 

2 Hispanic 

51-88 67.8 12-27 16.3 

 

Table 2 
Control Group Features 

Gender Ethnicity Age range Average age Education 

range 

Average 

education 

4 Males 

6 Females 

Caucasian 65-79 71.9 16-21 18.4 

 

 

 

Instruments 

 CalCap.  The California Computerized Assessment Package (CalCap; Miller, 1999) is a 

standardized assessment of reaction time and speed of information processing that assesses a number of 

cognitive domains including; reaction time, memory, language skills, form discrimination, sustained and 

divided attention, and rapid visual scanning.  The standard CALCAP task consists of Simple and Choice 

reaction time measures administered by computer.  In addition to reaction time measures, the level of 

performance on each task is assessed by evaluating the numbers of “Hits” and “False Positives”.  The 

subtests are self-explanatory and the supervisor only needs to provide minimal supervision.  The complete 
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procedure takes 20-25 minutes for administration and scoring, and performance is numbered across a 

number of subtests.  

1. Simple reaction time (SRT) 

2. Choice reaction time for single digits (CRT) 

3. Serial pattern matching (SPM) 

4. Lexical discrimination (LD) 

5. Visual selective attention (VSA) 

6. Response reversal (RR) and rapid visual scanning, and 

7. Form discrimination (FD) 

A description of each subtest can be found in Appendix A.  Performance was measured and documented 

across a number of response domains including reaction time in milliseconds, accuracy and A prime (A’).  

A’ is an index of accuracy taken from signal detection theory that accounts for not only correct responses, 

(hits) but false positives (guesses) as well.   

 Dementia Rating Scale-2.  The Dementia Rating Scale-2 (Jurica, Leitten, and Mattis, 2001) is a 

standardized paper/pencil battery that measures the general cognitive ability of individuals who have brain 

dysfunction.  The assessment measures ability in a wide range of higher cortical functions, and 

differentiates deficits according to varying levels of severity.  However, if individuals are functioning in the 

average or high intelligence range, the DRS-2 will not typically detect any impaired cognitive abilities.  

Performance on the DRS-2 is measured across a variety of subtests. 

1. Attention (ATT) 

2. Initiation/Perseveration (I/P) 

3. Construction  

4. Conceptualization (CONCEPT) and 

5. Memory and Attention (MEM/ATT) 

A description of each task can be found in Appendix B.  For the purposes of this investigation we selected 

the raw score on the DRS-2 as a general index of cognitive functioning and the memory raw score, since 

working memory has been implicated in cognitive ability.   

Procedures 

Prior to initiating the study, informed consent was obtained from all participants.  All participants who were 

taking dopaminergic medications at the time of the study were instructed to schedule their appointment to 

correspond with an “on” medicated state.   

Administration of Experiment tasks: 

Administration of the CalCap and the DRS-2 was counterbalanced across subjects.  Prior to administration 

of the CalCap the participants were positioned in a comfortable, seated position in front of the computer 

screen.  They were instructed to rest their wrist on the keyboard table and place the index finger of their 

dominant hand on the space bar of the keyboard.  The test was then initiated, and the patients followed 

the written instructions and prompts on the computer screen for the duration of the test.  The DRS-2 was 
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administered in a separate room with adequate lighting and limited distractions.   

Analysis 

To examine the relation of RT and cognition, correlation analyses were conducted.  Correlated measures 

included RT and A’ from the CalCAP and raw scores from the DRS-2.  The total raw score from the DRS-2 

was selected as a general index of cognition, and because working memory has been implicated in 

cognitive processing ability, the memory raw score from the DRS-2 was also correlated ot CalCAP 

measures.  To explore the patterns of performance between groups, descriptive statistics were computed. 
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RESULTS 

 

  

Subject Group: 

The relation between a general measure of cognition (DRS-2 raw score) and simple reaction time 

(CalCAP) was examined using a Spearman rho analysis.  The coefficient obtained was rs = -.061; p = 

.414.  Measures of reaction time that corresponded to additional computerized subtests of cognitive 

function, such as sequential reaction time (SeqRT), language discrimination (LD), and form discrimination 

(FD) were also correlated with the cognitive measures obtained by the subject group on the DRS-2.  

Spearman rho coefficients were calculated for each of those and were as follows: SeqRT: rs = -0.146; p = 

.302; LD: rs = -.029; p = .459; FD: rs = -.251; p = .183.  

 

Spearman rho analyses were also used to examine the relation between cognition (DRS-2) and A’ 

(CalCAP) for the subject group.  The subtests involved were SeqRT, LD, and FD.  The coefficients were 

calculated for each measure and were as follows: SeqRT: rs = .214; p = .222; LD: rs = .376; p = .084;  

FD: rs = .267; p = .168.  See Table 3 for a complete listing of results for the group with Parkinson disease. 

Control Group 

The relation between a general measure of cognition (DRS-2 raw score) and simple reaction time 

(CalCAP) was examined with a Spearman rho for the Control group as well.  The coefficient obtained was 

rs = -.183; p = .307.  Measures of reaction time that corresponded to additional computerized measures of 

cognitive function, namely sequential reaction time (SeqRT), language discrimination (LD), and form 

discrimination (FD) were also correlated with the cognitive measures obtained by the subject group on the 

DRS-2.  Spearman rho coefficients were calculated for each of those measures and were as follows: 

SeqRT: rs= -0.31; p =.466; LD: rs = -.604; p = .032; FD: rs = -.827; p = .002.   

 

Spearman rho was used to examine the relation between cognition (DRS-2) and A’ (CalCAP), also for the 

Control group.  The subtests involved were SeqRT, LD, and FD.  The coefficients were calculated for each 

measure and were as follows: SeqRT: rs = -.111; p = .38; LD: rs = 0.376; p = .084; FD: rs =.267; p = .168.    

 

 

 

Table 3 
Correlation coefficients obtained for the subject group (General index of cognition and CalCAP dependent 
measures) 

DRS-2 X Spearman rho coefficient        P value 
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Table 3 Continued 
DRS-2 X Spearman rho coefficient          P value 

Simple RT 

Sequential RT 

Language Discrimination RT 

Form Discrimination RT 

Sequential A’ 

Language Discrimination A’ 

Form Discrimination A’ 

rs = -.061                                        p = .414 

rs = .146                                         p = .302 

rs = -.029                                        p = .459 

rs = -.251                                        p = .183 

rs = .214                                         p = .222 

rs = .376                                         p = .084 

rs = .267                                         p = .168 

 

Table 4 
Correlation coefficients obtained for the control group (general index of cognition and CalCAP dependent 
measures). 

DRS-2 X Spearman rho coefficient           P value 

Simple RT 

Sequential RT 

Language Discrimination RT 

Form Discrimination RT 

Sequential A’ 

Language Discrimination A’ 

Form Discrimination A’ 

rs = -.183                                        p = .307 

rs = -.031                                        p = .466 

rs = -.604                                        p = .032* 

rs = -.827                                        p = .002* 

rs = -.111                                         p = ,38 

rs = .082                                         p = .411 

rs = .740                                         p = .007** 

*indicates a significance of .05  
** indicates a significance of .01 

 

 

 

Correlations were also computed, for both the control group and the subject group, to investigate the 

relation between the memory raw scores of the DRS-2 and measures of reaction time on the CalCAP 

(Table V and VI).   
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Table 5 Memory Correlated with CalCAP Dependent Measures-Subject group 

Memory X Spearman rho coefficient           P value 

Simple RT 

Sequential RT 

Language Discrimination RT 

Form Discrimination RT 

Sequential A’ 

Language Discrimination A’ 

Form Discrimination A’ 

rs = -.515                                        p = .025 

rs = -.029                                        p = .459 

rs= -.112                                        p = .345 

rs = .116                                         p = .340 

rs = .525                                         p = .220 

rs = .310                                         p = .130 

rs = .163                                         p = .280 

 

Table 6 
Memory Correlated with Dependent Measures-Control Group 

Memory X Spearman rho coefficient           P value 

Simple RT 

Sequential RT 

Language Discrimination RT 

Form Discrimination RT 

Sequential A’ 

Language Discrimination A’ 

Form Discrimination A’ 

rs = -.182                                        p = .614 

rs = .058                                         p = .873 

rs = -.325                                        p = .359 

rs = -.435                                        p = .209 

rs = -.338                                        p = .339 

rs = .434                                         p = .210 

rs = .397                                         p = .256 

 

 

 

Descriptive statistics were calculated to examine patterns of performance between between groups and 

includes: means, standard deviations, and ranges.  Table VII displays the descriptive statistics for the DRS-

2 for the Subject group.  Table VIII reports descriptive statistics for RT on the CalCAP for the Subject 

group, and finally Table IX contains descriptive statistics for A’ measures of the CalCap.  Tables X-XII 

display the descriptive data obtained for the Control group in the same order  
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Table 7 
Subject Group-Descriptive Statistics for the DRS-2 

 Mean Raw Score Standard Deviation Range 

DRS-2 Total 135.3333 9.491851 104-143  

DRS-2 Memory 22.66667 2.160247 17-25 

 

Table 8 
Subject Group-Descriptive Statistics for the CalCAP RT  

 Mean RT Standard Deviation Range 

SRT 408.5556 63.5667 300 to 527 
 

SEQRT 633.0 136.8456 407 to 855 

LD 596.0667 76.95125 496 to 807 

FD 902.8 128.5947 710 to 1090 

 

Table 9 
Subject Group-Descriptive Statistics for CalCAP Accuracy 

 Mean A’ Standard Deviation Range 

SEQRT 0.854667 0.243453 0.00 to 0.99 

LD 0.956667 0.013703 0.77 to 1.00 

FD 0.83 0.091729 0.64 to 0.95 

 

Table 10 
Control Group-Descriptive Statistics for DRS-2 

 Mean Raw Score Standard Deviation Range 

DRS-2 Total 139.6 3.977716 133 to 144 

DRS-2 Memory 24.2 1.398412 22 to 26 

 

Table 11 
Control Group-Descriptive Statistics for CalCAP RT 

 Mean RT Standard Deviation Range 

SRT 345.5 46.61247 288.3333 to 429.3333 

SEQRT 566.2 71.23482 478 to 710 

LD 531 34.32848 461 to 585 

FD 805.5 141.4813 552 to 1046 
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Table 12 Control Group-Descriptive Statistics for CalCAP Accuracy 

 Mean A’ Standard Deviation Range 

SEQRT 0.961 0.042544 0.89 to 1.0 

LD 0.989 0.004333 0.96-1.0 

FD 0.886 0.054406 0.8 to 0.96 

 

 

 

Between group comparison of performances on the DRS-2 and the CalCAP were conducted using a one-

tailed Kolmogorov-Smirnov test.   For measures of cognition the total raw score test statistic obtained was 

Z = 1.225  p = .05.  A direct comparison of the group distributions can be seen in Figure 1.   
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Figure 1.   Comparison of the Distributions for the Total DRS-2 Scores: 

PD Subjects (n = 15) Versus Control Group (n = 10) 

 

 

 

Between group comparison of performances on the memory portion of the DRS-2 was also computed 

using a one-tailed Kolmogorov-Smirnov test.   For measures of memory, the total memory raw score 

statistic was Z = .980  p = .146.  The comparison of the distribution of scores can be seen in Figure 2.   
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Figure 2.   Comparison of the Distributions for the DRS-2 Memory Scores: 
PD Subjects (n = 15) Versus Control Group (n = 10) 

 

 

 

Between group comparisons for measures of Simple RT were computed using the one-tailed Kolmogrov-

Smirnov 2 test and were as follows: SRT:  Z = 1.306 p = .033.  The distribution of scores can be seen in 

Figure 3. 
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Figure 3.   Comparison of the Distributions for Simple RT (ms): 

PD Subjects (n = 15) Versus Control Group (n = 10) 
 

 

 

Between group comparisons for the Mean RT on the Seq. numbers measure of the CalCAP was 

computed using the one-tailed Kolmogrov-Smirnov 2 test and was as follows: Seq. numbers: Z = .898  p = 

.1975.  The distribution of scores can be seen in Figure 4. 
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Figure 4.   Comparison of the Distributions for Sequential Numbers RT (ms): 

PD Subjects (n = 15) Versus Control Group (n = 10) 
 

 

 

Between group comparisons for the Mean RT on the Language Discrimination measure of the CalCAP 

was computed using the one-tailed Kolmogrov-Smirnov 2 test and was as follows: L. Discrim: Z = 1.306  p 

= .033.  This was a significant difference between the groups.  The distribution of scores can be seen in 

Figure 5. 
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Figure 5.   Comparison of the Distributions for Language Discrimination RT (ms): 

PD Subjects (n = 15) Versus Control Group (n = 10) 
 

 

 

 

Between group comparisons for the Mean RT on the Form Discrimination measure of the CalCAP was 

computed using the one-tailed Kolmogrov-Smirnov 2 test and was as follows: F. Discrim: Z = .898  p = 

.1975.  The distribution of scores can be seen in Figure 6. 
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Figure 6.   Comparison of the Distributions for Form Discrimination RT (ms): 

PD Subjects (n = 15) Versus Control Group (n = 10) 
 

 

 

Between group comparisons for measures of A’ (accuracy) were computed between groups on the Seq. 

numbers, LD, and FD subtests of the CalCAP.  Between group comparisons for A’ on the Sequential 

numbers subtest of the CalCAP was computed using the one-tailed Kolmogrov-Smirnov 2 test and was as 

follows: Z score: Z = .908  p = .146.  The distribution of scores can be seen in Figure 7. 
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Figure 7.   Comparison of the Distributions for Sequential Numbers A’: 

PD Subjects (n = 15) Versus Control Group (n = 10) 

 

 

 

Between group comparisons for A’ on the Language Discrimination subtest of the CalCAP was computed 

using the one-tailed Kolmogrov-Smirnov 2 test and was as follows: Z score: Z = .908  p = .146.  The 

distribution of scores can be seen in Figure 8. 
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Figure 8.   Comparison of the Distributions for Language Discrimination A’: 

PD Subjects (n = 15) Versus Control Group (n = 10) 

 

 

 

Between group comparisons for A’ on the Form Discrimination subtest of the Calcap was computed using 

the one-tailed Kolmogrov-Smirnov 2 test and was as follows: Z = .908  p = .146.  The distribution of scores 

can be seen in Figure 9. 
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Figure 9.   Comparison of the Distributions for Form Discrimination A’: 

PD Subjects (n = 15) Versus Control Group (n = 10) 
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DISCUSSION 

  

 

The goal of the current study was to examine the relation of RT and cognitive status in people with 

Parkinson disease.  Specifically we wanted to determine if extended RT was a result of slowed cognitive 

processing or impairment in motor initiation and execution.  Overall, the group with Parkinson disease had 

increased RTs and demonstrated less accuracy than the age-matched Control group.  With regard to a 

pattern of performance however, both groups performed similarly.  Namely, as task complexity increased, 

the RT of both groups increased due to higher cognitive demands.  These results suggest that the relation 

of RT and cognitive ability may not be clearly delineated.  Instead the extended RT of the PD group could 

be due to both deficits in cognitive processing and impairments in motor movement. 

Overall, our findings have been conflicting.  The overall performance of the Subject group did not 

follow a trend that was to be expected.  Their cognitive scores were consistently lower than the control 

group, however, few of those differences reached significance which was not indicative of a primarily 

cognitive component in regard to extended RT.  However, poorer performance on the LD subtest indicates 

perhaps there is a selective cognitive component that could be affecting RT of the Subject group.  This is 

evidence for word retrieval problems that often times affect people with Parkinson disease as suggested 

by Thanvi, Munshi, Vijaykumar, and Lo (2003) 

When people with Parkinson disease are affected by bradyphrenia, a deficit in working memory 

could result (Press et al. 2002).  Deficits in working memory were evidenced by the memory raw score for 

the Subject group being lower than that of the Control group as well as the accuracy for the SeqRT 

subtest (a measure of working memory).  Although the memory raw score was not significantly different 

than that of the Control group, a significant positive correlation between decreased accuracy on the 

SeqRT subtest and working memory of the Subject group, suggested involvement of slowed cognitive 

processes.  Memory subtests on the DRS-2 involved tasks involving recall and recognition memory.  The 

more difficult tasks included recalling sentences after several minutes and assessment of orientation and 

recent general knowledge.  Other, simpler tasks included immediate recognition of words and designs.  

The memory skills tested by the DRS-2 are those that aid the ability of a person to use working memory.  

Accuracy was poor overall for the Subject group on the SeqRT task in which they were instructed to tap 

the space bar as soon as they saw two numbers in a row, thus requiring them to remember at least two 

consecutive numbers at a time.  Because the SeqRT task required the use of working memory, it could 

have been a more sensitive measure of cognitive processes that are affected by Parkinson disease.   

Other subtests of the DRS-2 collectively measured cognitive deficits, although the measure is 

meant for those who have more pronounced deficits in cognition.  If Parkinson patients don’t present with 

“dementia like” cognitive slowing, which the test measures, but have more subtle decline in cognition. It 

may not be detected.  The positive correlation of a general measure of memory on the DRS-2 and working 

memory on the CalCAP could indicate that the Subject group had cognitive slowing the DRS-2 as a whole 
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was not sensitive enough to detect.    

A significant negative correlation between performance on the DRS-2 and overall performance in 

RT on the CalCAP was not revealed for the group with Parkinson disease.  This finding indicates that as 

measures of cognitive performance improved, RT did not decrease.  This is an atypical finding as 

evidenced by the fact that a significant negative correlation was found between the DRS-2 and measures 

of RT for the Control group.  As their DRS-2 scores increased, their RT decreased.  This reflects a trend 

that was to be expected between the relation of general cognitive performance and RT for the PD group 

as well if the underlying cause for the delay was strictly cognitive.  However, because the PD group did not 

reflect this trend, therefore the results suggest that there is more than just a cognitive influence to 

increased RT in this group.  In addition, the Subject group demonstrated lower scores of cognitive 

performance and higher RT times which make it even more difficult to determine whether or not cognitive 

or motor impairments are playing a primary role in their increased reaction time.   

Between group comparisons were made for the total raw scores on the DRS-2 and indicated a 

significant difference.  The Subject group as whole demonstrated lower scores on the measures of general 

cognition and the participants individually had a wide range of scores.  This demonstrates the variability of 

affects that Parkinson disease has on a person.  It affects each person with different ranges of severity 

and different presenting symptoms.  Although it remains unclear as to whether or not the vast ranges of 

performance were due to varying motor or cognitive impairments, it does demonstrate variability among 

the Subject group.  In regard to the DRS-2, significant difference of the overall memory scores between 

the Subject and Control group were not found, although the performance of the Subject group was slightly 

lower.   

RT between the groups was analyzed as well.  The Subject group, overall, had extended RT in 

comparison to the Control group.  However, the only significant differences that were found with regard to 

RT were on the SRT and LD subtests.  This finding is interesting, because SRT tasks put little demands 

cognitively on the participants.  Simple reaction time does not require the use of working memory, lengthy 

attention span, word finding, or discrimination skills.  This could lead us to believe that the overall 

extended RT of those with Parkinson disease is secondary to slowed initiation and execution of motor 

movements with little cognitive involvement.  However, it has been evidenced that word finding difficulties 

occur in the majority of patients with Parkinson disease (Thanvi et al. 2003).  This could account for the 

significant difference between the Subject group and the Control group on the LD subtest.  During this 

task, patients were required to respond every time they saw the name of an animal appear on the screen. 

 Throughout the test, words that looked similar to an animal name, but were not “true” words appeared on 

the screen.  The participants were forced to make a decision about its legitimacy as a name of an animal.  

Because word finding is a cognitive component of language, lengthy RT of the Subject group on this task 

could have been secondary to bradyphrenia.   

A between group comparison for A’ was also conducted to assess any significance in accuracy on 

the RT tasks.  Our analysis found that there was a significant difference of accuracy on the LD subtest.  
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This could be due to the fact that the Subject group was unable to recognize the false animal names, 

therefore resulting in an increase in false positives.  It could have also been due to the fact that they were 

unable to make a fast enough decision about whether or not the word they were looking at was truly the 

name of an animal, thus resulting in a false negative response.    

 Our findings that increased RT in the Subject group was due to both deficits in motor execution 

and the memory component of cognitive processing, are contrary to the findings of Johnson et al. (2004).  

They suggested that the diagnostic properties of simple or choice reaction time task could be used to 

screen people for Parkinson disease and for symptom severity prediction.  Our findings show that this is 

not the case.  Although the Subject group did not show a negative correlation between measures of 

cognition and RT tasks, the memory scores of the Subject group correlated negatively with some 

measures of choice reaction time.  Screening people for Parkinson disease using a choice reaction time 

task that requires the use of working memory may not be an accurate measure of the presence or 

absence of Parkinson disease –Someone without PD that has cognitive slowing could show decreased 

performance on a choice RT task that incorporates working memory.  If extended RT on tests of RT is 

observed, a person would be falsely diagnosed.  RT tests alone, should not be used as screeners for PD, 

because people with cognitive deficits would demonstrate extended RT without the presence of PD.   

Components of cognition, such as memory, should be accounted for when choosing RT tasks to 

administer to someone with possible PD to ensure that increases in RT are due solely to that of motor 

impairments.    

Similar to the findings of Low et al. (2002), it was speculated that extended RT in the Subject 

group was due to deficits in motor and premotor processes.  Low et al. (2002) found that response 

initiation was longer in the Subject group than the Control group indicating extended premotor processing. 

 However, as motoric task complexity increased, differences in response times between the two groups 

increased as well, suggesting a motor processing deficit.  In our study motoric demands remained the 

same, leaving us unable to judge whether or not increased motoric demands on the groups would change 

response times.  However, as cognitive task complexity increased, differences in RT between the Subject 

and Control groups remained relatively the same indicating motor involvement with extended RT in the 

subject group.  In addition, in this study a general measure of cognitive performance did not negatively 

correlate with RT.  However, subtests involving a memory and word finding component for the Subject 

group correlated positively with accuracy on subtests demanding not only motoric initiation and execution, 

but difficulty in the use of working memory and language skills as well.  This suggested that like the 

Subject group in Low et. al (2002), the Subject group’s increased RT in this study was due to cognitive 

and motor involvement.   

Deficits in program implementation as opposed to motor programming were found by Weiss et al. 

(1997).  As with our study, they found that as cognitive demands increased (or demands on motor 

programming), both the Control and the Subject group demonstrated extended movement times.  The 

Subject group maintained accuracy with longer movement time then the Control group, but hesitated 



 27

between the steps of each of the more complex tasks.  The authors interpreted this as the inability to 

execute the motor program step by step.  They also reported that segmented movement can be 

interrupted without the influence of higher organization skills.  The Subject group in our study 

demonstrated extended time for execution as well with no negative correlation to overall measures of 

cognition.  This supports our findings that extended RT in individuals with Parkinson disease is a direct 

affect of this population’s inability to execute motor tasks as quickly as Control subjects.  However, Weiss 

et al. (1997) did not incorporate the demand for the use of memory and language skills into their study, as 

we did.  We were able to determine that although it appeared that extended RT in the Subject group was 

due to difficulty in initiation and execution of motor tasks, as in the Weiss et al. (1997) study, a deficit in 

memory and language could have impaired their ability to make accurate choices on tasks that required 

the use of these skills.  Weiss et al. (1997) might have reported different results if their study had 

incorporated different measures of cognition that were more sensitive to deficits that the Parkinson group 

might be experiencing. 

Aarsland et al. (2004) concluded in their study that more severe motor impairments at the 

beginning of their study was indicative of more rapid cognitive decline in people with Parkinson disease.  

Although our study did not rate the Subject group on a severity scale for motor deficits, subjectively the 

group as a whole did not present with severe motor impairments.  However, they were all told to take their 

medications at a time when they would be in an “on” state at the time of the study.  It would be interesting 

and possibly beneficial to correlate the severity of the individual’s motor symptoms with their performance 

on the DRS-2.  Because the majority of the patients did not appear to have severe motoric impairments at 

the time of the study, it could have meant that they in turn did not have severe cognitive deficits, as 

indicated by their scores on the DRS-2 and the findings of Aarsland et al. (2004).     
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CONCLUSION 

 

 

 

We were unable to determine whether deficits in initiation and execution of motor movements or 

deficits in cognition contributed more to the overall extended RT in people with Parkinson disease.  The 

Subject group did not yield expected trends with respect to measures of general cognition and RT.  

Although their results on general measures of cognition were lower than that of the Control group, and 

they demonstrated overall extended RT than that of the Control group, their RT and DRS-2 results did not 

negatively correlate with regard to increased complexity of RT tasks.  The Control group, however, 

demonstrated a negative correlation with respect to general measures of cognition and RT results.  As 

their cognitive scores on the DRS-2 went down, their RT lengthened.  Therefore based on correlations of 

the two measures, it could not be determined whether or not cognitive or motor impairment contributed 

more to extended RT of the Subject group.     

An interesting finding resulted with regard to the memory.  Working memory is often times affected 

in people with PD.  The overall memory raw score for the Subject group was lower than that of the Control 

group, although the difference was not significant.  However, on the SeqRT subtest of the CalCAP, the 

Subject group had decreased accuracy in comparison to the Control group.  Decreased accuracy on the 

SeqRT subtest could be due to deficits in working memory, especially since memory scores were lower for 

the Subject group on measures of general cognition.   

Significant differences between groups for RT on the LD and SRT subtests suggest a cognitive 

component to extended RT of the Subject group.  Because people with Parkinson disease are affected by 

word finding deficits when are affected by bradyphrenia, significant differences in RT on the LD subtest 

suggest a cognitive influence on RT.  However, the SRT subtest does not place any cognitive demands on 

the participant, suggesting a deficit in initiation and execution of motor movements.   

With regard to accuracy a significant difference was found between groups on the LD subtest.  

Once again, this could be due to word finding problems that occur in people with Parkinson diease 

secondary to impairments in cognitive processes.     

Based on these results, it is apparent that people with Parkinson disease are affected in variable 

ways with respect to motoric severity and cognitive decline.  It would have been beneficial for this study to 

stage each of the Subject group participants using the Hoehn and Yahr severity scale for motoric severity. 

 Correlations between motoric severity and measures of general cognition as well as complex RT tasks 

would help to draw a clearer picture of each individual with regard to their deficits as well as the group as a 

whole.  Overall, the population of people with Parkinson disease that participated in our study were higher 

functioning.  As seen in Table I, the average education level of the Subject group was 16.3 years with a 

range of 12-27 years.  Many of the participants had earned Masters and PhDs.   
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APPENDIX A 
 

1.  Simple reaction time (SRT): Subjects are asked to press a key as soon as they see anything at all on 

the screen.  The task is presented at the beginning, middle, and end of the computerized procedures, and 

provides a basal measure of reaction time.  It also provides the examiner with the opportunity to assess 

fatigue effects. 

2. Choice reaction time for single digits (CRT): Subjects are asked to press a key as soon as they see a 

specific number; otherwise they are to do nothing.  For example if they see the number ‘7’, the subject 

would press the space bar.  This procedure adds a simple memory element to the task. 

3.  Serial pattern matching (SPM): Subjects are asked tp press a key only when they see two of the same 

number in sequence.  For example, if they see the number ‘3’ followed by a second presentation of the 

number ‘3’.  This procedure adds a more complex element of memory, because the subject must keep in 

mind the last number seen. 

4. Lexical discrimination (LD): Subjects are asked to press a key when they see a word that fits into a 

specific category, such as animal names (cow or horse), but not when they see a word that fits into a 

category of non-animals (such as food).  This task introduces an additional level of language skills by 

requiring meaningful differentiation between semantic categories.  The task requires rapid language 

processing and should be sensitive to any disruption in language skills. 

5. Visual selective attention (VSA): Subjects are instructed to press a key as soon as they see a specific 

word such as ‘SEVEN’ that is presented in the center of the screen.  Additional sets of words are 

displayed around the periphery of the target stimulus located in the center of the screen.  The distracters 

require that the subject focus his or her attention much more narrowly.   

6.  Response reversal (RR) and rapid visual scanning: This task is identical to task 5, but the subject must 

ignore the stimuli presented in the middle of the screen while responding to target stimuli displayed around 

the periphery of the computer screen.  This task assesses the subject’s ability to change cognitive set from 

the previous task, and requires more rapid visual scanning across the entire display screen.   

7.  Form discrimination (FD): Subjects are shown three geometric figures simultaneously and asked to 

press a key only when two of the figures are identical.  This task requires rapid comparison of non-

nameable forms, and, because of the brief exposure time, may measure the subject’s ability to retain an 

iconic memory of the figures.   
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APPENDIX B 

 

1. Attention (ATT): composed of eight tasks (A,B,C,D,AD, AE, AH, and AJ) with a maximum of 37 

points that can be obtained.  Auditory-visual and verbal-nonverbal tasks of attention are 

presented.  The following represent the eight tasks in the ATT subtest.   

A:   Repeating numbers forward and backward (digit span) 

B: following two-part commands (Two Successive Commands) 

C: Single Commands 

D: Imitation 

2. Initiation/Perseveration (I/P): Compsed of 11 tasks (E, F, G, H, I, J, L, M, N, O) with a maximum of 

37 points.  This subtest assesses particularly the person’s ability to initiate, switch, and terminate 

a specific activity with fluency and without perseveration or inappropriate intrusion of a prior 

activity.  Oral-verbal and graphomotoric skills are assessed.   

E: Complex Verbal Initiation/Perseveration 

F: Simple Verbal Initiation/Perseveration 

G: Consonant Perseveration 

H: Vowel Perseveration 

I: Double Alternating Movements 1 

J: Double Alternating Movements 2 

K: Alternate Tapping 

L: Graphomotor Design 1 

M: Graphomotor Design 2 

N: Graphomotor Design 3 

O: Graphomotor Design 4 

3. Construction (CONSTR): Composed of six tasks (P, Q, R, S, T, U) with a maximum of 6 points 

earned on the subtest.  The subtest requires reproduction of stimulus designs that vary in difficulty 

from copying a diamond within a square to production of a signature.   

P: Construction Design 1 

Q: Construction Design 2 

R: Construction Design 3 

S: Construction Design 4 

T: Construction Design 5 

U: Construction Design 6 

4. Conceptualization (CONCEPT): Assesses the ability to abstract, to induce similarities, and detect 

differences among verbal and visual stimuli.  The maximum points that can be earned are 39 

points.  The tasks vary from test of verbal abstraction to recognition of an abstract concept.  

Verbal differences are among the easiest of the required tasks, and approximately half of the 
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tasks on this subsets are devoted to the assessment of a participant’s ability to perform nonverbal 

abstractions and differences.   

V: Identities and Oddities 

W: Similarities 

X: Priming Inductive Reasoning 

Y: Differences 

Z: Similarities-Multiple Choice 

5. Memory (MEM) and Attention (ATT): The memory portion of this subtest is composed of five 

tasks: AC, AF, AG, AI, AK.  Verbal and non-verbal items are presented in recall and recognition 

memory paradigms.  More difficult tasks that are required include recalling sentences after several 

minutes and assessment of orientation and recent general knowledge.  Simpler tasks include 

immediate force-choice recognition of words and free-form designs.   

AC: Orientation 

AD: Counting Distraction 1 

AE: Counting Distraction 2 

AF: Verbal Recall-Reading 

AG: Verbal Recall-Sentence Initiation 

AH: Verbal Recognition-Presentation  

AI: Verbal Recognition 

AJ: Visual Matching 

AK: Visual Memory  
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