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Summary 

Functional neuroimaging research has repeatedly implicated the striatum in motor procedu-

ral learning, but attempts to explore this relation in patients with Parkinson’s disease (PD) 

have yielded inconsistent results. Furthermore, the functional impact of procedural learning 

impairment is unknown. The present study sought to examine the effects of PD on procedu-

ral learning and to determine whether impaired procedural learning affects functional sta-

tus. The performance of 95 non-demented PD patients on the Serial Reaction Time Task 

(SRTT) was compared with that of 44 demographically matched control subjects. The 

SRTT is a four-choice reaction time task in which visual stimuli are presented in six blocks 

of 100 trials either in a repeating sequence of 10 stimuli or randomly. Learning was inferred 

from the reduction of response times over five successive blocks of repeating sequence 

trials and from the increase in response times in the sixth random block. In addition, neuro-

psychological tests of declarative memory, executive and visuospatial functions were admi-

nistered to all participants. Patients also received quantitative ratings of functional outcome. 

The two groups did not differ in the learning rate across blocks of repeating sequence trials. 

However, PD patients were significantly less efficient than controls in acquiring sequence-

specific knowledge, although this impairment was relatively small (d = 0.38). Patients with 

more advanced clinical symptoms tended to show worse performance. Separate analyses of 

a subgroup of 24 non-medicated patients in the early stages of PD revealed no differences 

in SRTT performance relative to controls. Neuropsychological testing showed impairments 

in attention and executive functions, immediate and delayed explicit memory, and visuo-

spatial skills in the PD group, but none of the cognitive measures were related to procedural 

learning. Reduced motor sequence learning in PD patients did not influence their functional 

status. These findings indicate that procedural learning impairment is not an early feature of 

PD, but is likely to emerge with progression of the disease, independently of cognitive dys-

function or dopaminergic medication. 
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Introduction 

Procedural learning is a form of non-declarative or implicit memory, which refers to the 

ability to acquire motor or cognitive skills gradually through practice.10 Acquisition of such 

skills is manifested by increased accuracy or speed of performance as a result of repeated 

exposure to a specific procedure, without conscious recollection of the prior learning episo-

de or the rules underlying the task. Procedural learning is generally contrasted with declara-

tive or explicit memory, which involves the acquisition of facts and events accompanied by 

conscious awareness of the learned information. It is commonly assessed with recall and 

recognition tests for verbal or visuospatial material, such as word list learning, story recall 

and visual reproduction tasks. These two memory systems are dissociable in several clinical 

populations and presumably rely on distinct neural circuits.63 While declarative memory is 

clearly associated with the medial temporal lobes and diencephalic brain structures,62 the 

neuroanatomical substrates underlying procedural learning are still not fully understood. 

The observations that patients with Huntington’s disease40 or Parkinson’s disease51 are 

impaired on various skill acquisition tasks even in the context of relatively intact declara-

tive memory have been viewed as important evidence for the involvement of the basal 

ganglia in procedural learning. In addition, the cerebellum and the frontal cortex have also 

been implicated as components of the neural network that supports the acquisition of new 

skills.71 However, specific contributions of each of these structures seem to vary depending 

on the motor or cognitive processes underlying the specific task, as evidenced by distinct 

patterns of deficits on different skill acquisition tasks within the same group of patients.23, 

24, 32 These clinical observations are consistent with the view that procedural learning is not 

a unitary construct, but rather an aggregate of heterogeneous skill learning processes which 

are likely to be dissociable both functionally and neuroanatomically.62   

In research on motor skill learning, the most frequently employed experimental para-

digm has been the serial reaction time task (SRTT).44 The SRTT is a choice reaction time 

task, in which participants are required to respond as quickly as possible to the presentation 

of a visual stimulus appearing at one of several different spatial locations. Unknown to the 

participants, the location of the stimulus follows a repeating sequence. Two types of learn-

ing are thought to occur in this test. One is ‘sequence-specific learning’, that is the improve- 
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ment of responding due to the repetition of the sequence of stimuli. The other is a more 

general, non-specific type of learning related to other aspects of the task, which is evident 

from a gradually increasing response speed (or accuracy) over the course of the performan-

ce. An important argument for the use of the SRTT as a measure of procedural learning is 

that the performance does not seem to depend on explicit memory processes since patients 

with impaired declarative memory, such as Korsakoff’s syndrome,44 Alzheimer’s disease,30 

or subjects given scopolamine to produce transient amnesia,44 typically show improvement 

on the task, although they are unaware of the sequential nature of the stimuli.  

Functional neuroimaging studies with healthy subjects have demonstrated that SRTT 

performance is associated with striatal activation, often in combination with cortical activa-

tion in areas involved in motor circuitry,1 including the premotor cortex and the supplemen-

tary motor area.12, 21, 27, 46  The role of the striatum in motor skill acquisition has been sup-

ported by neuropsychological investigations of patients with Huntington’s disease31, 72 in 

which marked impairments have been observed in implicit sequence learning, although 

such results have not been consistently reported.6 However, the interpretation of these 

results is problematic because Huntington’s disease is frequently associated with structural 

and metabolic changes that extend beyond the basal ganglia.50 Thus, the impairment in this 

population of patients may also be due to dysfunction in other structures than the basal gan-

glia. Research focusing on Parkinson’s disease (PD) as the best available model of regional 

basal ganglia dysfunction is even less conclusive. While some studies have reported that 

non-demented PD patients are profoundly impaired in SRTT learning,26, 64 others have 

found only minor decrease in learning,17, 45, 61 or even normal performance.60 Similarly, con-

flicting results have also been reported in studies examining SRTT learning in patients with 

focal basal ganglia lesions.15, 56, 66 

The discrepant findings in the literature on procedural sequence learning in PD may be 

explained in part by differences in disease severity across patient samples, since SRTT 

performance appears to be related to the degree of clinical disability.13 Other reasons that 

could account for these discrepancies involve the differences in treatment regimens, metho-

dological variations of the SRTT employed, and the possible role of frontal/executive dys-

function. With regard to the latter possibility, PD patients with evidence of executive dys- 
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function have been reported to exhibit more prominent procedural learning impairment,26 

suggesting the involvement of the prefrontal cortex in the observed deficit in this type of 

learning. A recent meta-analysis of SRTT studies in PD pointed to a number of methodo-

logical shortcomings in this area of research, including the use of small patient samples, 

the lack of information regarding both the clinical characteristics of the patients assessed 

and matching methods of the patient and control groups, and inadequate reporting of expe-

rimental data.57 Furthermore, although acquisition of motor skills is assumed to play a sig-

nificant role in adaptive behavior, to our knowledge, no study to date has addressed the 

functional relevance of impaired motor procedural learning in patients with PD. 

The primary aim of the present study was therefore to further examine the effects of 

PD on motor procedural learning by comparing SRTT performance of a relatively large 

sample of non-demented PD patients with that of healthy control subjects. In addition, to 

control for the potentially confounding effects of medication, we evaluated SRTT perfor-

mance in a subgroup of newly diagnosed, untreated PD patients. Furthermore, we investi-

gated the relationship between procedural learning and executive functions, declarative 

memory, and visuospatial skills. In light of previous findings, it was expected that proce-

dural learning would be related to executive functions, but not to explicit memory or visuo-

spatial functions. Finally, we sought to assess whether procedural learning contributes to 

functional status in patients with PD. We anticipated that impairment in procedural learning 

would interfere with activities of daily living. 

 

Methods 

Subjects 

Ninety-five patients with PD participated in the study. These patients were part of a larger 

sample of PD patients (n = 190) who participated in the baseline assessment of an ongoing 

longitudinal research project investigating the course of functional and cognitive decline in 

PD. Details of the case-finding procedure have been published elsewhere.42 In brief, conse-

cutive patients with newly diagnosed PD recruited from the neurology outpatient clinics of 

six general hospitals in Amsterdam and surrounding area, were included (n = 58). In addi-

tion, patients were identified from the medical records and from the Dutch Parkinson’s  
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Disease Association (n = 37). A diagnosis of PD was confirmed by the project neurologist, 

based on standard clinical criteria.19 Exclusion criteria were age of 85 years or older, insuf-

ficient command of the Dutch language, global cognitive deterioration as indicated by per-

formance below the standard cutoff of 24 points on the Mini Mental State Examination 

(MMSE),18 and the presence of somatic illness with a life expectancy of less than a year. 

At the time of the examination, 24 patients were not receiving any medication. Of the 

remaining 71 patients, 28 were treated with levodopa plus a peripheral levodopa-decarbo-

xylase inhibitor, 15 with a dopamine agonist (pergolide [n = 9], pramipexol [n = 4], ropini-

rol [n = 2]), 19 with levodopa in combination with a dopamine agonist (pergolide [n = 16], 

pramipexol [n = 2], ropinirol [n = 1]), two with amantadine, one with amantadine plus an 

anticholinergic drug (orfenadrine), and six with levodopa in combination with either aman-

tadine (n = 1), entacapone (n = 3), orfenadrine (n = 1), or pergolide and entacapone (n = 1). 

To calculate levodopa dose, different drugs were pooled in a levodopa equivalent dose.14 

Except for two patients who were using amitriptyline or diazepam, none of the patients 

received antidepressants, benzodiazepines or antipsychotics. None of the patients had un-

dergone neurosurgery for relief of motor symptoms. 

As a part of neurological examination, all patients received quantitative assessments of 

clinical disability. The severity of extrapyramidal symptoms was rated using the motor sec-

tion of the Unified Parkinson’s Disease Rating Scale (UPDRS).16 The stage of disease was 

determined with the Hoehn and Yahr rating scale.25 The duration of disease was defined as 

the time between the appearance of the first symptom of PD as reported by the patient and 

the moment of assessment. 

The control group (n = 44) consisted of spouses, friends or relatives of PD patients. 

Exclusion criteria for control subjects were a history of major psychiatric disorders, head 

injury with loss of consciousness, cerebrovascular disorders, alcohol or substance abuse, 

psychoactive medication, and other central nervous system diseases that could influence 

cognitive performance. Written informed consent was obtained from all subjects after the 

nature of the study was fully explained. The study was approved by the local ethics com- 

mittee of the participating hospitals. 
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Table 1. Demographic and clinical characteristics of the total PD group, a sample of newly diagnosed, non-

medicated PD patients (NMPD) and healthy controls (HC) 
             
    Total PD (n = 95)         NMPD (n = 24)                HC (n = 44)          
Variable       M            SD           M         SD                M          SD                                           
 

Age     64.9  8.9          60.7        10.8                64.1        8.3        
Education (years)    11.5  2.4          11.7         1.8                12.1        2.4        
Gender (M/F)           58/37                 13/11                     23/21        
Handedness (R/L/A)         81/10/4                 20/2/2                    38/5/1        
DART-IQ   100.0 19.6                  103.8       19.2                 105.1      16.0         
MMSE                      27.9   1.7          28.4         1.7               28.4        1.4        
HADS       9.7*   6.2            9.5         6.8                 7.0        4.3        
     HADS-Anxiety                       5.0   3.5            5.5         4.1                 4.3        2.5        
     HADS-Depression                      4.7†   3.4            4.0         3.3                 2.7        2.4       
Duration of PD (years)     3.1   2.6            1.2         0.5 
UPDRS motor section   18.2   9.2          14.4         7.5 
Hoehn and Yahr scale                      1.9   0.7            1.5         0.6  
     stage 1               27              12 
     stage 1.5                         6      3 
     stage 2                                33      7 
     stage 2.5              15      1 
     stage 3               14      1 
Barthel ADL Index    19.7   0.8           19.8         0.5  
SE-ADL (%)                 90.2   4.6           91.7         4.8 
FIM    122.3   5.0                   124.1         3.1 
     FIM-motor scale    87.5   4.7           89.3         3.0   
     FIM-cognitive scale   34.8   0.5           34.9         0.3 
LED (mg/day)   291.3       286.7 
            
Handedness (R/L/A) = right, left, ambidexter; DART = Dutch Adult Reading Test; MMSE = Mini Mental State Examination; 
HADS = Hospital Anxiety and Depression Scale; UPDRS = Unified Parkinson’s disease Rating Scale; SE-ADL: Schwab and 
England Activities of Daily Living scale; FIM = Functional Independence Measure; LED = Levodopa equivalent dose. 
* p < 0.05, compared to controls. 
† p < 0.001, compared to controls.   

 

As can be seen in Table 1, control subjects were matched to the PD patients in age, 

gender distribution, educational level, premorbid intellectual ability (National Adult Read-

ing Test, Dutch version; [DART-IQ]),53 MMSE score, and handedness as assessed by a 

modification of Annet’s inventory.34  The PD group exhibited greater affective changes as 

reflected by a higher total score on the Hospital Anxiety and Depression scale (HADS),75 

which was primarily due to increased level of depression (HADS-Depression subscale), 

whereas no group differences were observed on HADS-Anxiety subscale. It is worth noting 

that only three patients would be classified as having probable affective disturbances based 

on the originally proposed cut-off values. Since correlational analyses did not indicate sig- 

nificant association between affective symptomatology and any of the dependent variables 

on the procedural learning task, patients exhibiting signs of depression were not excluded 
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from the present study. The average disease duration in the PD sample was 3.1 years (range 

0.5 – 11 years). Assessment of functional status revealed that patients viewed themselves as 

independent in most daily activities. 

Demographic and clinical characteristics of newly diagnosed, non-medicated PD pati-

ents are also shown in Table 1. There were no differences between non-medicated PD pati-

ents and controls with respect to age, gender, education, handedness, premorbid intellige-

nce, global cognitive status or the prevalence of affective symptoms. 

 

Neuropsychological assessment 

A comprehensive neuropsychological test battery was administered to all participants to 

evaluate several cognitive domains. Attention and psychomotor speed were assessed with 

the Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digit symbol test,67 the Trail Ma-

king Test parts A en B,47 the Stroop Color Word test,65 and an adapted version of WAIS-R 

forward and backward digit span, in which three trials were administered per length of digit 

strings, with the maximum score of 21.35 Declarative memory was examined using the Rey 

Auditory Verbal Learning Test (RAVLT),48 the Rivermead Behavioral Memory Test 

(RBMT) Logical Memory subtest,73 the Wechsler Memory Scale-III (WMS-III) Faces reco-

gnition test,69 and the Visual Association Test.36 Different aspects of executive function 

were assessed with the Modified Wisconsin Card Sorting Test (MWCST),44 Controlled Oral 

Word Association Test (COWAT),3 Category fluency (animals and supermarket items),37, 41 

the Tower of London-Drexel test (TOLDX),11 and the WAIS–III Similarities.68 Tests meas-

uring visuospatial and constructive abilities included the Judgment of Line Orientation 

(JOLO),4 the Clock Drawing Test,49 and the subtest Visuo-spatial reasoning of the Gronin-

gen Intelligence Test (GIT).37 This latter test is a tangram-like task in which subjects are 

instructed to select the figures, which they think are needed to fill up a geometric design. 

One point is awarded for each correct response (range 0 - 20). The validity of this test 

classification was found to be satisfactory (Cronbach’s α > 0.6 for each cognitive domain). 
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Procedural learning: Serial Reaction Time Task (SRTT)      

The SRTT was administered using a response box that had five horizontally aligned lights 

(red light-emitting diodes) and five buttons (1.5 cm X 1.5 cm), one immediately below each 

light. The distance between adjacent buttons was 2.5 cm. The light located in a rightmost 

position on the response box was never lit and was distinguished by its grey color. The 

subjects were instructed to rest their middle and index fingers of each hand on the response 

buttons and to press as quickly and as accurately as possible one of the four buttons that 

corresponded to the position where a red light had appeared. The response box was con-

nected to a laptop computer that used the E-prime software version 1.0 to run the SRTT.54 

Before starting the SRTT experiment, two practice blocks of 20 random sequence 

trials each were administered to ensure that participants understood the instructions. Fol-

lowing practice, each subject completed seven blocks of 100 trials. A trial consisted of  

a light signal and a button press. The first block (where stimuli were presented in random 

order) was a baseline condition and was discarded from the analysis. In blocks 2 to 6 a 

sequence of 10 light positions was repeated 10 times. Designating the four stimuli positions 

as 1, 2, 3, and 4 from left to right, the repeating sequence was 1-2-4-3-4-2-1-4-1-3. The 

sequence used in the present study was of second-order conditional type, which implies that 

in order to predict the next position of a stimulus, knowledge of the previous two positions 

is required since the immediately preceding position alone does not provide sufficient infor-

mation. The subjects were not informed about the repeating pattern. In the seventh block, 

the sequence of the light positions was presented in a random order, with the constraint that 

stimuli never appeared in the same location on two consecutive trials. After each block of 

100 trials, participants were allowed to rest for one minute. No feedback on performance 

was provided during these breaks. The interval between the subject’s response and the 

appearance of the next stimulus was 500 milliseconds. If the subject did not respond within 

3 seconds, the next stimulus appeared. Response time (RT) was defined as the interval be-

tween the appearance of the stimulus and the moment the subject pressed the response but-

ton. Incorrect responses or failure to respond within the 3 seconds were recorded as errors. 

The computer controlled stimulus presentation and recorded the subject’s RT and accuracy 

on each trial. RTs were recorded in milliseconds.  
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For each block of trials, we calculated the median RT. The rationale for using the 

median rather than the mean was to minimize the impact of skewness of the RT distribution 

and outlier RTs. For each block we calculated the mean and standard deviation of indivi-

dual median RTs. In addition, the mean number of errors was recorded for each block.   

The following two variables were computed as a measure of procedural learning: (i) 

learning rate, defined as the reduction of RT in the repeating sequence blocks 2-6, reflect-

ing both proficiency in execution of the reaction time task (‘reaction-time task learning’) 

and sequence-specific learning; and (ii) sequence-specific learning, which is a rebound 

increase in RT between blocks 6 (the last repeating sequence block) and 7 (random block), 

reflecting sequence-specific learning only. If subjects acquired knowledge about the repeat-

ing sequence, it should have facilitated their performance on the last repeating sequence 

block but it would be of no advantage on the last random sequence block. Hence, RT in the 

last random block should be longer than in the last repeating sequence block. Accordingly, 

a greater difference in RTs between blocks 6 and 7 corresponds to better sequence-specific 

learning. 

 

Assessment of functional status  

Three scales were used to assess functional status in PD patients: the Barthel Activities of 

Daily Living Index,38 the Schwab and England Activities of Daily Living scale (SE-

ADL),55 and the Functional Independence Measure (FIM).28 Higher score on all scales 

indicate better functional capacity. The FIM is divided in motor (13 items, range 13 - 91) 

and cognitive (5 items, range 5 - 35) subscales. The motor subscale contains items that 

measure self-care, sphincter control, mobility and locomotion, whereas the cognitive 

subscale evaluates communication and social cognition (i.e. social interaction, problem-

solving and memory). All functional scales were administered by the project neurologist. 

 

Statistical analysis 

Differences in demographic and clinical characteristics between the PD and control groups 

were analyzed with independent two-tailed t-tests. Mann-Whitney test was used to analyze 

ordinal data, while frequencies were compared with chi-square test. 
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Because RTs in the PD group violated normal distribution, analyses were based on 

log-transformed data. Analysis of variance (ANOVA) was performed to analyze the RT 

data. Repeated measures ANOVA were used with group as the between-subject factor and 

block as the within-subject factor. Comparisons of RTs in individual blocks between the 

PD and control groups were carried out using t-test.  

Correlational analyses revealed that age and premorbid intellectual ability were strong-

ly associated with performance on the majority of the neuropsychological tests in both PD 

and control groups. These variables were therefore selected as covariates in multivariate 

analysis of covariance (MANCOVA) to examine relative differences between the PD and 

control groups within each domain of cognitive functioning. When multivariate compari-

sons revealed significant results, Bonferroni corrected univariate ANCOVAs with age and 

premorbid IQ as covariates were conducted to examine single neuropsychological measu-

res.   

A multiple regression analysis was conducted to examine the relationship between 

procedural learning and executive functions, declarative memory and visuospatial skills. 

The dependent variable in the linear regression analysis was sequence-specific learning on 

the SRTT, whereas the independent variables were the neuropsychological tests. 

The measures of functional outcome are ordinal and do not confirm to a normal distri-

bution. Therefore, the non-parametric Spearman rho statistic was used to explore the rela-

tionship between functional status and sequence-specific learning.    

All analyses were carried out using SPSS statistical package version 11.0. The level of 

significance was set at p < 0.05, unless otherwise indicated. 

 

Results 

Serial Reaction Time Task 

Figure 1 displays the mean of median RT as a function of blocks for the PD and control 

groups. Analysis of baseline performance in block 1 (random presentation of stimuli) re-

vealed that PD patients responded somewhat slower to stimuli than controls, although the 

difference in RT was not significant [t (137) = 1.30, p = 0.20]. 
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Learning rate blocks 2-6: Response time 

A 2 (Group) X 5 (Block) ANOVA with repeated measures on the block factor revealed a 

main effect of Group [F(1, 137) = 5.50, p < 0.05], indicating that the control group was 

faster than the PD group. There was also a main effect of Block [F(4, 134) = 41.44, p < 

0.0001], suggesting that both groups demonstrated a reduction in RT to repeating sequence 

of stimulus presentation. The Group X Block interaction did not reach significance, but 

there was a trend for PD patients to show somewhat less improvement in general reaction 

time learning than controls [F(4, 134) = 2.28, p = 0.07]. 

 

Sequence-specific learning (block 6 versus block 7): Response time 

To investigate group differences in sequence-specific learning, a 2 (Group) X 2 (Block) 

repeated measures ANOVA was performed. The analysis revealed a main effect of Group 

[F(1, 137) = 6.26, p < 0.05], as well as a main effect of Block [F(1, 137) = 125.05, p < 

0.0001]. In addition, a significant interaction of Group and Block was observed [F(1, 137) 

= 6.28, p < 0.05], indicating that, overall, the PD group exhibited a lower increase in RT 

than control subjects when switch was made from the last sequential block to a random 

block. The interaction effect remained significant when the HADS-score was used as a 

coviariate in the analysis. 

For the control group, the switch from a repeating sequence block to a random block 

resulted in a RT increase of 36 ms (SD = 36), and in the PD group an average increase of 

24 ms (SD = 27). Within group comparisons using t-test for paired samples revealed 

significant differences in RT between blocks 6 and 7 in the control group [t (43) = -6.34,  

p < 0.0001] as well as in the PD group [t (94)= -9.37, p < 0.0001], indicating that both 

groups demonstrated procedural sequence learning. The effect size9 for sequence-specific 

learning was 0.38, suggesting a relatively small difference in amount of learning between 

PD patients and controls. Moreover, analysis of the individual data revealed that the major-

ity of participants in both the control (89%) and PD (86%) groups showed an increase in 

RT when the switch was made to a random presentation of stimuli.  
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Figure 1. The mean of the median RT of the PD and control groups in the seven blocks of trials on the SRT  

 

 

                                      

            

 

Accuracy 

Accuracy for both groups was very high and remained stable across the blocks. Since both 

groups showed almost negligible number of errors (mean percentage of errors per block PD 

< 1.5%, controls < 0.6%), a statistical comparison would have little sense and was not per-

formed. 

 

SRTT performance in non-medicated PD patients 

To examine the impact of PD on procedural learning removed from the effects of medica-

tion, SRTT performance of a subgroup of 24 newly diagnosed, untreated patients with PD 

was compared to all control subjects. A Group (non-medicated PD vs. controls) X Block  

(2-6) repeated measures ANOVA revealed a main effect of Block [F(4, 63) = 26.34, p < 

0.0001]. The effects of Group (F < 1) and Group X Block interaction [F(4, 63) = 1.60,  

p = 0.19] were not significant. To examine sequence-specific learning, blocks 6 and 7 were 

entered in another ANOVA. This analysis showed a main effect of Block [F(1, 66) = 60.05, 

p < 0.0001], but no effect of Group (F < 1). Of importance, the interaction effect of Group 

and Block was not significant (F < 1), indicating that non-medicated PD patients showed a 
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similar increase in RT from the last repeating sequence block to the random block as did 

control subjects (Figure 2). 

 

Figure 2. The mean of the median RT of the subgroups of non-medicated PD patients (NMPD; n = 24) and 

control subjects in the seven blocks of trials on the SRTT 
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Neuropsychological performance of PD patients and control subjects 

One-way MANCOVAs with age and premorbid IQ as covariates showed differences be-

tween PD patients and control subjects across all cognitive domains (Table 2). Within the 

domain of attention and psychomotor speed, univariate differences on Digit symbol test and 

Trail Making test B accounted for multivariate results. Within the memory domain, PD 

patients performed consistently worse than controls on all tests except on measures of de-

layed word recognition and visual associative learning. Univariate differences on the 

TOLDX test and supermarket fluency accounted for the multivariate differences in executive 

functions. Multivariate difference between the PD and control groups in the visuospatial 

domain was due to JOLO and GIT Visuo-spatial reasoning task. The pattern of performan- 

ce remained essentially the same when the HADS-score was used as a covariate in addition 

Group 

●  Controls 

□  NMPD 
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Table 2. Neuropsychological test results (raw scores) in PD patients and healthy controls (HC)  
                  
                                                              PD (n = 95)               HC (n = 44)                        
Measure                           M       SD               M         SD      F    p-value 
                                                                
Attention and Psychomotor speed – MANCOVA: F = 5.92; p < 0.001                   
   WAIS-R Digit symbol test         38.8       11.3        50.1    11.8   36.80         < 0.001† 
   Trail Making Test A                50.2       19.6        39.7    15.4     7.91            0.01 
   Trail Making Test B       121.4       63.6        87.0    35.2     9.02            0.003†         
   Stroop test (word reading)         47.6       10.5        44.2      8.0     1.83            0.18 
   Stroop test (color naming)         63.4       14.2        58.3    10.9     2.81            0.10 
   Stroop interference test                   122.2       44.7      100.9    25.0     6.29            0.01 
   Digit span forward          12.6         2.8        12.3      3.3     2.46            0.12 
   Digit span backward           8.4         2.5          9.6      2.8     3.95            0.05 
 
Memory – MANCOVA: F = 4.32; p < 0.001 
   RAVLT trial 1-5          39.2       10.8        46.9      9.2          14.94        < 0.001† 
   RAVLT delayed recall           7.9         3.1        10.1      3.1   12.22            0.001† 
   RAVLT recognition         27.6         2.3        28.6      2.1     3.40            0.07 
   RBMT LM immediate recall             14.5         5.6        18.7      5.6   14.91         < 0.001† 
   RBMT LM delayed recall         10.9         5.5        15.0      5.5   14.60         < 0.001†  
   WMS-III Faces immediate         31.5         4.6        34.6      3.6          12.95         < 0.001† 
   WMS-III Faces delayed         34.5         4.5        37.3      4.1   11.28            0.001† 
   Visual Association Test         11.6         1.0        11.9      0.3     3.45            0.07 
 
Executive functions – MANCOVA: F = 3.72; p = 0.001 
   MWCST categories            4.0         1.7          4.8      1.4     6.26            0.01 
   MWCST perseverations           6.0         6.1          3.2      3.4     5.83            0.02 
   Animal fluency          18.8         5.1        20.8      4.8     2.21            0.14 
   Supermarket fluency         18.8         5.2        21.6      3.9            8.08            0.005†      
   COWAT Letter fluency         30.3         9.5        34.6    10.4     2.99            0.09 
   Tower of London test           5.5         2.1          7.1      2.0   15.36         < 0.001† 
   WAIS-III Similarities         21.9         5.9        24.2      5.5     2.09            0.15 
 
Visuospatial/constructive skills – MANCOVA: F = 3.43; p = 0.02 
   JOLO           22.9         4.4        25.6      4.2            8.34            0.005† 
   GIT Visuo-spatial task                        9.3         3.1        11.1      3.6     6.07             0.02† 
   Clock Drawing Test         12.5         1.7        12.9      1.2     1.31             0.25 
     
MANCOVA = multivariate analysis of variance with age and premorbid IQ as covariates.  
WAIS = Wechsler Adult Intelligence Scale; RAVLT = Rey Auditory Verbal Learning Test; RBMT LM = Rivermead  
Behavioral Memory Test Logical Memory; WMS = Wechsler Memory Scale; COWAT = Controlled Oral Word  
Association Test; MWCST = Modified Wisconsin Card Sorting Test; JOLO = Judgment of Line Orientation;  
GIT = Groningen Intelligence Test. 
† Significant with Bonferroni correction. 

 

to age and premorbid IQ. The changes were observed only on Trail Making test B and 

supermarket fluency, which were no longer significantly different between the groups. 

Compared with controls, non-medicated PD patients showed mildly impaired perfor- 

mance on the Digit symbol test, WMS-III Faces immediate recognition test and TOLDX test. 

There were no significant differences between the two groups on the remaining measures of    
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cognitive functioning. 

 

Cognitive correlates of procedural learning 

To determine whether cognitive abilities could account for decreased sequence-specific 

learning in the PD group, we conducted a linear regression analysis (method enter) in which 

the dependent variable was the difference in RT between block 7 (random block) and block 

6 (the last repeating sequence block) on the SRTT. Given a rather large number of neuro-

psychological tests employed in the present study, composite z scores for the domains of 

attention and psychomotor speed, declarative memory, executive functions, and visuo-

spatial abilities were included in the analysis as the independent variables. All measures 

from the test battery were transformed into z scores using the means and standard devia-

tions from the control group. Subsequently, composite scores were computed for each cog-

nitive domain by summing the z scores from the individual tests that contributed to the par-

ticular domain and computing the mean.  

The cognitive variables accounted for only 2% of the variance associated with 

sequence-specific learning in the PD group (F < 1, p = 0.78). None of the four cognitive 

domains assessed in this study contributed significantly to the multiple regression equation 

(attention/psychomotor speed: β = 0.06, t = 0.36, p = 0.72; declarative memory: β = 0.03,  

t = 0.19, p = 0.85; executive function: β = -0.08, t = -0.47, p = 0.64; visuospatial skills:  

β = 0.13, t = 0.99, p = 0.33). Similar results were observed for the control group (9% of the 

variance accounted by the model, F < 1, p = 0.44). 

When regression analysis was repeated using the raw score on the test in each domain 

that best discriminated between PD patients and controls (i.e. Digit symbol test, RAVLT 

trial 1-5, TOLDX test, JOLO) instead of the composite scores, the same negative results 

were obtained. 

 

Relationship between procedural learning and clinical disability and functional outcome  

To examine whether the severity of motor symptoms or disease duration affected sequence- 

specific learning in PD patients, a series of correlational analyses were carried out using 

Spearman’s rho test. A weak, but significant correlation was observed between the degree 
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of axial disorders and learning impairment (rho = -0.17, p = 0.05, one-tailed test). Further-

more, the patients with more severe motor symptoms, as evaluated with Hoehn and Yahr 

scale and the UPDRS motor section, showed a trend towards worse sequence-specific 

learning (rho = -0.15, p = 0.08). Disease duration and the severity of tremor, bradykinesia 

or rigidity were not significantly related to learning impairment (rho < |0.14|). There was no 

association between procedural learning impairment and levodopa dosage (n = 95; rho =  

-0.13, p = 0.22). 

To assess whether procedural learning contributed to functional status in PD, Spear-

man correlation coefficients were calculated and significance was assessed using a one-

tailed test. No significant relationship was found between sequence-specific learning 

impairment and any of the three functional scales employed in this study (rho < |0.11|). 

 

Discussion 

The present study examined motor procedural learning in the largest sample of PD patients 

reported to date and is the first to assess the ability of newly diagnosed, not previously trea-

ted patients to acquire a motor sequence using the SRTT. The results indicate that PD pati-

ents were less efficient than control subjects in acquiring sequence-specific knowledge. 

Procedural learning impairment appeared to be independent of executive dysfunction, and it 

did not affect patients’ functional status. This impairment was found to be rather small (d = 

0.38). The novel finding of this study is that non-medicated PD patients were not impaired 

in this type of motor skill learning; the impairment was limited to medicated patients with 

more advanced clinical symptoms. As a group, the PD patients were able to achieve 

sequence-specific knowledge, albeit to a lesser degree than control subjects. These results 

are largely consistent with previous reports in the literature, demonstrating an attenuation 

rather than abolition of procedural sequence learning in patients with PD.7, 17, 45, 61 

The degree of sequence-specific learning impairment in our PD sample is smaller than 

in a recently published meta-analysis of six SRTT studies of 67 PD patients and 87 healthy 

control subjects, which yielded a mean effect size of 0.73.57 It is likely that this discrepancy 

is due to procedural differences between studies. For example, while the present study used 

a 10-item sequence, the length of the sequence in the articles included in the meta-analysis 
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varied from 8 to 12-element sequences. Notably, the largest effect size was obtained from a 

study that used a 12-item sequence.58 Furthermore, in two articles that used the same length 

of the sequence as in the present study, the learning impairment was either somewhat smal-

ler (d = 0.16)61 or similar (d = 0.32)7 to that observed in our patient sample.  

In contrast to sequence-specific learning, the results on the other measure of procedu-

ral learning derived from the SRTT (i.e. learning rate over blocks 2 to 6) indicate that PD 

patients exhibited similar improvement as controls in general reaction-time task learning. It 

is important to note that the mean response time of the PD group on the baseline condition 

of the SRTT (block 1 in Figures 1 and 2) was comparable with that of the control group. 

Therefore, it is unlikely that the lack of a significant difference in general reaction time 

learning is due to the fact that PD patients had more room than controls to improve their 

performance. In addition, comparable performance levels of the two groups at the baseline 

condition and the overall high accuracy of responding suggest that the patients did not sim-

ply have difficulty in performing the task, which could have interfered with their ability to 

acquire a motor sequence. 

Current knowledge about procedural learning in PD is primarily obtained from studies 

of medicated patients. Although in some studies attempts have been made to address the 

possible role of dopaminergic medication by studying patients during withdrawal of levo-

dopa treatment, the results of these studies may be difficult to interpret in light of the poten-

tially chronic effects of pharmacologic treatment on dopamine receptors.39 The present stu-

dy is the first to evaluate SRTT performance in untreated, newly diagnosed patients with 

PD. The results showed that non-medicated PD patients were as able as control subjects to 

demonstrate both general improvement with the reaction-time task and to acquire sequence-

specific knowledge. It is important to note, however, that no significant association between 

SRTT performance and levodopa dosage was found in the total PD sample. Therefore, it is 

unlikely that procedural learning impairment observed in the present study can be explained 

by drug treatment effects. The presence of the learning impairment in the total PD sample 

but not in a subgroup of untreated patients may reflect the effects of disease severity. This 

possibility is supported by the finding that patients with more advanced clinical symptoms 

tended to show worse performance in sequence-specific learning. This finding is consistent 
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with several earlier studies, showing that motor learning impairments predominantly occur 

in PD patients in more advanced stages of the disease.13, 23  

PD patients in the present study exhibited impairments on neuropsychological measu-

res of attention and psychomotor speed, executive functions, declarative memory and 

visuospatial skills. These findings are in accordance with previous observations concerning 

the cognitive profile in non-demented PD patients.5, 33 None of the cognitive measures were 

found to be associated with procedural learning, however. This finding indicates that other 

types of cognitive dysfunction cannot account for procedural learning impairment observed 

in our PD sample. The lack of a significant association between executive dysfunction and 

procedural learning was not predicted, and it is in contrast with a previous study, in which 

PD patients with impaired performance on the Wisconsin Card Sorting Test (WCST) were 

found to exhibit the most severe impairments in SRTT learning.26 While the same test was 

also used in the present study, the contribution of executive function to procedural learning 

was assessed with a composite domain score based on a number of measures purported to 

assess executive abilities rather than the score on individual tests. When performance on the 

WCST was analyzed separately, it appeared that neither the number of categories achieved 

nor persereverative errors in our PD sample were associated with sequence-specific learn-

ing impairment. Furthermore, the finding that newly diagnosed, untreated PD patients 

showed impairments in planning (i.e. Tower of London test) and certain aspects of attention 

(i.e. Digit symbol test), but demonstrated an otherwise normal performance on the procedu-

ral learning task adds support for the independence of motor sequence learning and execu-

tive functions. Although there is some evidence that executive dysfunction may interfere 

with procedural learning,20, 52 several studies, consistent with the present report, failed to 

observe such an effect in patients with frontal lobe lesions13 or PD patients using either the 

SRTT,59 rotary pursuit task,22 or artificial grammar learning task.74    

The lack of significant association between measures of declarative memory and pro-

cedural learning implies independence of these memory systems in PD. It is worth noting 

that declarative memory impairments were far more prominent than impairments in proce-

dural learning. This finding is consistent with previous reports in the literature, showing 

that deficits in the memory domain in patients with PD are particularly prominent on those 
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tests that involve effortful and controlled processes, such as free recall measures, rather 

than tests focusing on automatic aspects of cognitive processing.2, 70  

The finding that procedural learning impairment does not seem to influence functional 

capacity of PD patients may be due to the characteristics of our patient sample. Functional 

assessment revealed that the majority of patients viewed themselves as independent in most 

daily activities (see Table 1). The restricted range of scores on the functional scales emplo-

yed in the present study may have limited the likelihood of obtaining a statistically signifi-

cant relationship.  

Non-medicated PD patients, most of whom were in Hoehn and Yahr stage 1 or 2, were 

found to perform normally on the SRTT. This finding asks for some, admittedly specula-

tive, interpretation. The primary neuropathological changes in PD involve degeneration of 

nigrostriatal dopaminergic neurons, which leads initially to depletion of dopamine in the 

putamen and areas involved in the motor loop, and later in the course of the disease, to im-

pairment in the caudate nucleus.29 Evidence for the role of the putamen in the acquisition of 

motor skills comes from a functional magnetic resonance imaging (fMRI) study in healthy 

subjects by Rauch et al. (1997),46 who reported a significant relationship between the mag-

nitude of the signal intensity change in the putamen and implicit sequence learning derived 

from the SRTT. The pattern of SRTT performance observed in our PD sample seems in 

conflict with the results of this study. The finding that procedural sequence learning was 

normal in non-medicated patients early in the course of PD and that impairment became 

evident with disease progression might imply that the critical striatal substrate for this type 

of learning lies outside the putamen and its associated circuits. Alternatively, putaminal 

pathology in our sample of untreated patients with mild clinical disability may not have 

reached a critical level sufficient to produce impairments in skill learning. Furthermore, if 

the putamen and its associated cortical areas of the motor loop are important for motor skill 

learning, as Rauch et al.46 study suggests, one would expect to find a strong relationship 

between procedural learning impairment and the degree of the core motor symptoms of the 

disease. In the present study, however, there were no significant associations between 

motor learning and the severity of any of the cardinal motor symptom triad of bradykinesia, 

tremor or rigidity in the total PD group. In contrast, procedural learning impairment in PD 
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patients was found to be related to the severity of axial symptoms (disorders of gait and 

posture), which are believed to be predominantly mediated by nondopaminergic systems, in 

particular the cholinergic system.8 Taken together, these findings argue against the primary 

role of the dopaminergic putaminal system in procedural learning.   

Strengths of the present study are the large PD sample, the careful evaluation of the 

patient’s clinical state, the comparison of medicated and unmedicated patients, the exten-

siveness of the neuropsychological examination and the fact that we attempted to investi-

gate the clinical relevance of the motor learning impairment. However, some methodolo-

gical limitations of the study should also be recognized. First, the SRTT was administered 

as a part of a comprehensive neuropsychological test battery. Due to time limitation the 

SRTT could not be administered to some patients. These were often patients who had more 

severe motor dysfunction and were likely to experience more problems in performing the 

task. This may have introduced a selection bias in our analyses. Therefore, it remains un-

certain whether the present results can be generalized to PD patients in advanced stages of 

the disease. Second, the mean disease duration in our patient sample was relatively short 

(3.1 years; Table 1). Most of the patients have recently been diagnosed. This may have 

limited the likelihood of finding significant correlations with motor symptom severity and 

cognitive impairments in other domains than skill learning. However, the range of disease 

durations varied from 0.5 to 11 years, and almost a third of the patient sample had a Hoehn 

and Yahr score higher than 2 (Table 1). Moreover, neuropsychological evaluation revealed 

cognitive impairments in all domains (Table 2), some of which were present even in early, 

non-medicated patients. Thus, there seems to be enough variance in our data set. It is un-

likely that the modest relations of procedural learning with motor symptom severity, and 

the absence of any association between skill learning and cognitive impairments can be 

explained by restriction of range effects. Third, we did not check whether the participants 

had acquired explicit knowledge of the repeating sequence. However, with the second-order 

conditional sequence used in the present study it is unlikely that subjects became aware of 

the sequence, although it is possible that some subjects may have acquired at least partial 

explicit sequence knowledge. Furthermore, one may argue that the reduced sequence- 

specific learning in our PD sample is an artifact of the better ability to acquire explicit 
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knowledge on the part of the control group. However, with the exception of one study,45 

studies that used a similar 10-item sequence did not observe differences in explicit know-

ledge of the repeating sequence between control subjects and patients with PD,7, 13, 64 Hun-

tington’s disease,6, 31 or focal basal ganglia lesions.66  

In summary, the present findings indicate that PD patients are able to acquire procedu-

ral knowledge of a motor sequence, but they learn it somewhat less efficiently than control 

subjects. This impairment is likely to occur mainly in patients with moderately severe clini-

cal symptoms, and it cannot be attributed to dopaminergic medication or cognitive dys-

function. Impaired procedural motor learning in PD patients does not seem to affect their 

functional status. 
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