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Neuropsychological testing is commonly used in 
the diagnosis and follow-up of several disorders 
associated with cognitive impairment and in the 

assessment of subsequent improvement after medical 
and/or surgical treatment. The use of most of these tests 
requires retesting when the diagnosis is unclear, when the 
disorder is thought to be dynamic, and when there are 

other reasons for tracking cognitive status.2,5,11–13,29 Re-
testing is also common to evaluate changes in cognitive 
competence after pharmacological and/or surgical treat-
ment. In general, multiple tests are given to the same pa-
tient at different time points after treatment. In this situa-
tion, spurious statistically significant improvement might 
be detected, but these changes do not always reflect a 
clinically significant change, and may simply reflect ran-
dom variability.

When a neuropsychological test is readministered, 
the results can be expected to differ even when the pa-
tient’s cognition shows no real change. The reason for 
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Object. The test-retest method is commonly used in the management of patients with normal-pressure hydro-
cephalus (NPH). One of the most widely used techniques in the diagnosis of this condition is evaluation of the 
patient’s response to CSF evacuation by lumbar puncture (a so-called tap test or spinal tap). However, interpretation 
of improved results in subsequent evaluations is controversial because higher scores could reflect a real change in 
specific abilities or could be simply the result of a learning effect.

Methods. To determine the effect of testing-retesting in patients with NPH, the authors analyzed changes docu-
mented on 5 neuropsychological tests (the Toulouse-Pieron, Trail Making Test A, Grooved Pegboard, Word Fluency, 
and Bingley Memory tests) and several motor ability scales (motor performance test, length of step, and walking 
speed tests) in a series of 32 patients with NPH who underwent the same battery on 4 consecutive days. The same 
tests were also applied in 30 healthy volunteers. In both groups, the authors used the generalized least-squares regres-
sion method with random effects to test for learning effects. To evaluate possible differences in response depending 
on the degree of cognitive impairment at baseline, the results were adjusted by using the Mini-Mental State Examina-
tion scores of patients and controls when these scores were significant in the model.

Results. In patients with NPH there were no statistically significant differences in any of the neuropsychologi-
cal or motor tests performed over the 4 consecutive days, except in the results of the Toulouse-Pieron test, which 
were significantly improved on Day 3. In contrast, healthy volunteers had statistically significant improvement in the 
results of the Toulouse-Pieron test, Trail Making Test A, and Grooved Pegboard test but not in the remaining neuro
psychological tests. Patients in the healthy volunteer group also exhibited statistically significant improvement in the 
motor performance test but not in step length or walking speed.

Conclusions. No learning effect was found in patients with NPH on any of the neuropsychological or motor 
tests. Clinical improvement after retesting in these patients reflects real changes, and this strategy can therefore be 
used in both the diagnosis and evaluation of surgical outcomes. (DOI: 10.3171/2009.4.JNS081664)
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Abbreviations used in this paper: ICP = intracranial pressure; IQR 
= interquartile range; MMSE = Mini-Mental State Examination; 
NPH = normal-pressure hydrocephalus.
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this well-known phenomenon is that there is no per-
fectly reliable test and people naturally fluctuate in their 
functioning from time to time.11,26 Consequently, a major 
clinically relevant issue in retesting is to understand the 
psychometric properties of each test to identify whether 
a change in score reflects a real change in cognitive abili-
ties or is merely the result of a learning effect and random 
variability. In this scenario, better scores do not neces-
sarily indicate clinical improvement because the practice 
effect can partly counterbalance cognitive or motor de-
cline.19

What is known as the learning effect can occur when 
the same item or test is presented to individuals on re-
peated occasions or when individuals gain experience in 
solving certain types of problems.3,6,12,19 Test-retest change 
may depend on the individuals’ and tests’ characteristics: 
younger and more educated individuals with higher gen-
eral neuropsychological competence at baseline and with 
a short interval between tests are more likely to exhibit 
greater practice effects.

Normal-pressure hydrocephalus is a treatable cause 
of dementia,10,15 manifested by gait disturbance, progres-
sive dementia, and urinary incontinence combined with 
ventricular enlargement,1,10,15,20,27,28 which can be partially 
or completely reversed by implanting a CSF shunt. A ma-
jor challenge in the management of suspected NPH is to 
identify which patients will benefit from shunt therapy. 
One of the most widely used techniques in the diagno-
sis of patients with NPH is evaluation of their response 
to CSF evacuation by lumbar puncture (the so-called tap 
test). Before and after the tap test, a battery of neuropsy-
chological and motor tests are performed. Some authors 
perform the tap test more than once, with the consequent 
replication of multiple neuropsychological and motor 
tests. The potential effect of retesting may mask the pa-
tient’s real response to the tap test and hence jeopardize 
the validity of this test in patients with NPH.

The aim of our study was to determine the effect of 
testing-retesting on cognitive and motor performance in a 
cohort of 32 patients with NPH who underwent the same 
battery of neuropsychological and motor tests on 4 con-
secutive days. The patients were evaluated without the ap-
plication of any therapeutic maneuvers. The results were 
compared with those obtained in a control group of 30 
healthy volunteers who underwent the same protocol. The 
hypothesis we aimed to verify or refute was that learn-
ing effect can exist in normal populations (controls) but is 
clinically irrelevant in NPH patients because of cognitive 
impairment. To understand whether learning effects exist 
in NPH patients is clinically important to establish the 
individual cutoff thresholds that can reflect real patient 
changes and not simply random variability and/or prac-
tice effects.

Methods
General Protocol for the Study and Treatment of Patients 
With NPH 

From May 2006 to May 2007, 32 of the 45 consecu-
tive patients admitted to our department for evaluation of 
suspected NPH were included in this study. In these 32 
patients NPH was diagnosed exclusively by continuous 

ICP monitoring. All patients had at least 2 of the following 
clinical symptoms, unexplained by other neurological or 
nonneurological conditions: gait abnormalities, sphincter 
dysfunction, cognitive deficits, and/or Parkinson disease 
refractory to treatment. In all patients, CT scanning or 
MR imaging showed ventricular dilation (Evans index ≥ 
0.30).8 Of the 45 patients, 3 were excluded because they 
were unable to perform any of the study tasks, 3 because 
they received a lumbar puncture as a diagnostic test, and 
7 because they refused to participate in the study or be-
cause they were uncooperative due to severe dementia.

Our protocol for the study and management of pa-
tients with suspected NPH syndrome has previously been 
detailed.20,21 Briefly, patients were clinically graded ac-
cording to the NPH scale,23 which registers the clinical 
status of patients in the 3 main symptoms. In this scale 
the minimum possible score is 3, indicating that the pa-
tient is bedridden or unable to walk, has no or minimal 
contact with the environment, and has urinary and fecal 
incontinence. A maximum score of 15 points indicates 
normal functioning in the 3 domains.

Patient evaluation also included a battery of neuro
psychological tests20,21 with which we evaluated several 
aspects of verbal (Rey Auditory-Verbal Learning Test) 
and visual (Wechsler Memory Scale III) memory, scan-
ning and visual-motor tracking (Trail Making Test), divid-
ed attention and cognitive flexibility (Trail Making Test 
B), auditory attention (Digits forward), working memory 
(Digits backward, phonetically and category Fluency), 
visual-hand coordination (Purdue Pegboard Test), and 
global cognitive impairment (MMSE). Several scales to 
assess the patients’ functional behavior and to evaluate 
changes in everyday activities were used but not included 
in this analysis (Table 1).

The evaluation was completed by continuous ICP 
monitoring, using an epidural sensor20,21 and/or CSF dy-
namics studies (the Marmarou bolus test and the Katz-
man constant rate infusion test). According to our criteria 
for shunt therapy,20,21 all patients with > 10% of B-waves 
in the continuous ICP recording with or without an ab-
normal resistance to outflow (Rout) of CSF (> 10 mm Hg/
ml/min in the Katzman infusion test) underwent shunt 
placement. All shunt-treated patients underwent neuro-
logical, neuroimaging, and neuropsychological examina-
tions before and 6 months after surgery. Outcome was 
independently assessed by a neurosurgeon and a research 
psychologist.

Written informed consent to participate in the study 
was obtained from all patients or from the next of kin 
of patients whose cognitive impairment precluded them 
from understanding or signing the written informed con-
sent.

Psychometric and Motor Assessments to Evaluate the 
Learning Effect

Before shunt insertion, in addition to the aforemen-
tioned general protocol, a selected battery of 5 psycho-
metric tests and 1 motor test was applied at the same time 
daily for 4 consecutive days in all patients to analyze the 
learning effect. During these 4 days, patients did not re-
ceive any treatment or therapeutic maneuvers.
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The neuropsychological battery evaluated attention 
and visual scanning (Toulouse-Pieron Test and Trail 
Making Test A), motor speed and manual coordination 
(Grooved Pegboard Test and Trail Making Test A), execu-
tive functions (Word Fluency Test) and immediate recall 
visual memory (Bingley Memory Test). In the Word Flu-
ency Test, the individual was asked to say the maximum 
number of words beginning with a designated letter in 1 
minute; a different letter—P, R, S, and T—was chosen on 
each of the 4 different days). In the Bingley Memory Test, 
the individual was asked to remember as many common 
pictures as possible from a chart containing 12 previously 
presented pictures; a different chart with different pic-
tures was used every day.

Cognitive assessment was completed with the ad-
ministration of the Motor Performance Test, which is a 
composite test that evaluates 6 motor tasks: 1) time to get 
up from a standard-height chair (in seconds); 2) getting 
up and down a 23-cm-high step repeatedly as quickly as 
possible in 10 seconds; 3) the number of faltering steps 
made in a 2-m tandem walk; 4) time in seconds that the 
patient can stand on a single leg (twice with each leg); 
5) time in seconds required to walk 5 m and the mean 
length of steps; and 6) the number of steps required to 
turn 180°. Each task was scored from 2 points (capable) 
to 0 (incapable), except for the time to get up from a chair, 
which had a maximum score of 4 points. The maximum 
possible score in the overall Motor Performance Test is 
14 points (Table 2).

Control Group
Thirty volunteers in the same age range were as-

sessed on 4 consecutive days by a neuropsychological 
team and they used the same psychometric and motor 
battery applied in patients with NPH. The inclusion cri-
teria for these healthy volunteers were as follows: 1) age 
between 65 and 90 years; 2) absence of any neurologi-
cal diseases; 3) absence of any motor or joint disorders 
that could interfere with movement; 4) independence for 
Daily Life Activities; and 5) a minimum score of 24 on 
the MMSE.
Statistical Analysis

All descriptive statistics were analyzed using the 
SPSS package for Windows (version 15, SPSS Inc.). The 
assumption that data were normally distributed was test-
ed using the Kolmogorov-Smirnov test. In normally dis-
tributed data, the mean ± 1 SD was used to summarize 
the variables. In skewed samples, the median and the IQR 
were used. Due to the sample size, nonparametric tests 
were selected to analyze the results. Data obtained on the 
1st day of the study in patients with NPH and in those in 
the control group were compared using the Mann-Whit-
ney U-test.

We used repeated measures for each individual on 
the same dependent variable, and therefore, differences 
between and within individuals occurred. Consequently, 
the observations of the dependent variable were no lon-
ger independent, and statistically we needed to take this 
nonindependence into account. Therefore, a generalized 
least-squares regression method with random effects was 
used to test for learning effects. In this model each in-
dividual’s test result is 1 observation. The observations 
were grouped by subject. In the results, the statistic Sigma 
within-value represents the variation of test results within 
a subject and the Sigma between-value represents the vari-
ation of test results between subjects. In this method, Rho 
is defined as the percentage of total variation that is due to 
intrasubject variation. This analysis is optimal when the 
total variation is mainly due to intrasubject variation and 
not to intersubject variation, and therefore, within-patient 
changes in test results can be better assessed in repeated 
measures.

In this analysis, Tests 1–3 were the scores obtained 
in repeated tests compared with the scores obtained by 
patients or controls in the baseline test. Therefore, Test 1 
was calculated as the difference between baseline and the 
score obtained in the same test on Day 1. The coefficient 
of Tests 1–3 was the learning effect compared with base-
line of each respective test. The results were adjusted by 
the MMSE when MMSE was statistically significant as a 
predictor. Models were built separately for patients and 
controls. Combining the data and comparing the learning 
effect between patients and controls was not performed 
because this was not the aim of our study; hence, the re-
quirement for a power-consuming interaction term was 
avoided. The main assumption in this model was that 
within-patient/subject variation would be similar for all 
patients/subjects. All generalized least-squares regression 
analyses were done using Stata version 9.0 (Stata Corp.) 
and repeated-measures analysis was done with random 

TABLE 1: Tests used in the protocol for the clinical and 
neuropsychological examination of patients with suspected 
NPH in our center

Type of Assessment Assessment Tool

screening test MMSE,* Frontal Assessment 
  Battery

functional scales Normal Pressure Hydrocephalus 
  Scale, Rapid Disability Rating 
  Scale–2, Modified Stein & Lang- 
  fitt Scale, Daily Life Activities 
  Scale 

motor assessment Motor Performance Test (MPT) 
neuropsychological assessment
  memory
    visual memory Wechsler Memory Scale–R*
    immediate verbal memory Digits subtests (Wechsler Adult 

  Intelligence Scale III)
    auditive learning Rey Auditory-Verbal Learning Test*
  executive function Trail Making Test A & B,* Verbal 

  Fluency Test
  psychomotor velocity Purdue Pegboard Test 
  language Boston Diagnostic Aphasia Exami- 

  nation
  praxis Boston Diagnostic Aphasia Exami- 

  nation
  behavior Frontal Behavioral Inventory

*  Most widely used neuropsychological tests in the literature.
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effects using the XTREG time-series regression com-
mand specifying the patient identity as the subject iden-
tity and specifying the random effects model. Statistical 
significance was considered at p ≤ 0.05.

Results
Patients With NPH

The patient group included 18 women and 14 men, 
age 74.6 ± 6.3 years (range 61–85 years). Fourteen pa-
tients had not finished basic education (up to the age of 14 
years), 14 had finished basic education but did not attend 
secondary school, 3 had completed secondary school, 
and 1 had university education. The mean score of pa-
tients on the MMSE was 20.8 ± 6.6 (range 6–30). The 
diagnosis of NPH was confirmed in all patients (mean 
percentage of B-waves 41.6 ± 20%, range 10–81%). A 
differential low-pressure valve system was implanted in 
29 patients. Surgical treatment was not performed in 3 
patients because of the family’s refusal. A programmable 
Hakim Medos valve (Medos S.A.), with a closing pres-
sure range selected at between 30 and 70 mm H2O, was 
implanted in 22 patients. In all 22 patients, this valve was 
combined with an infraclavicular low-pressure gravity-
compensating accessory (NMT Neurosciences Implants 
S.A.). A gravitational Miethke Dual-Switch valve with an 
opening pressure of 5/40 cm H2O (distributed by Aescu-
lap AG & Co., KG) was used in the remaining 7 patients. 
Of the 29 treated patients, 26 (90%) improved after shunt 
placement, showing an increase of ≥ 1 point on the NPH 
scale.

Control Group
Cognitive skills were assessed in all 30 volunteers, 

age 71.3 ± 5.4 years (range 65–90 years) (17 men and 13 
women). Of these, 16 had not finished basic education, 10 
had finished basic education but did not attend second-
ary school, and 4 had completed secondary school. All 
volunteers had an MMSE score ≥ 24 points (mean 27.6 
± 1.8, range 25–30). The Motor Performance Test was 
performed in 28 volunteers, age 70.3 ± 3.9 years (range 
65–79 years) (16 men and 12 women).

Cognitive Results in Patients and Controls 
Complete neuropsychological evaluation could not 

be performed in all patients with NPH due to their clini-
cal status. Table 3 summarizes the results of the neuro
psychological tests performed in patients and in healthy 
volunteers on the 1st day of the study. In all, tests scores 
were lower in patients with NPH than in healthy volun-
teers. When data obtained from neuropsychological tests 
performed on 4 consecutive days in patients with NPH 
were compared, no statistically significant differences 
were found for any of the tests, except in the Toulouse-
Pieron test when the results from Day 3 were compared 
with those from Day 1 (Table 4).

When we compared data obtained from neuropsycho-
logical tests performed on 4 consecutive days in healthy 
volunteers, statistically significant differences were found 
in the Toulouse-Pieron test, the Trail Making Test A, and 
the Grooved Pegboard test for the dominant and nondom-
inant hands. No statistically significant differences were 
found in the Word Fluency test (Table 5). For the Bingley 
Memory test, the results were significantly worse on Day 
2 than Day 1 (p = 0.006). However, no statistically sig-
nificant differences were found when Days 3 and 4 results 
were compared with those obtained on Day 1 (p = 0.125 

TABLE 2: Motor performance in patients with NPH syndrome

Motor Tasks Description Score*

time to get up from a standard- 
  height chair 

patient is asked to get up from a chair (an armless, stiff- & straight- 
  backed, standard-height chair), possibly w/o using hands (hands 
  can be used if is necessary)

4: < 2 secs (w/ hands)
3: ≥ 2 secs (w/ hands)
2: < 2 secs (w/o hands)
1: ≥ 2 secs (w/o hands)
0: not feasible

getting up & down a step patient is asked to go up & down a 23-cm-high step repeatedly as 
  quickly as possible

2: ≥ 3 steps
1: < 3 steps
0: not feasible

tandem walk patient is instructed to walk touching the toes of 1 foot w/ the heel of 
  the other, following a 2-m-long, 5-cm-wide line 

2: < 8 errors
1: ≥ 8 errors
0: not feasible

1-leg stand time patient is instructed to stand, alternately, on the rt & lt leg for as long 
  as possible, for total of 4 attempts

2: ≥ 2 secs
1: < 2 secs
0: not feasible

time to walk 5 m patient is asked to walk 5 m at a normal pace; 2 attempts are made; 
  mean speed (m/sec) & mean length of step (cm) are also 
  calculated

2: ≥ 0.6 m/sec
1: < 0.6 m/sec
0: not feasible

no. of steps to turn around (180°) patient stands w/ feet together & is asked to turn around 2: < 5 steps
1: ≥ 5 steps
0: not feasible

*  The score ranges from a minimum of 0 (most severe motor impairment) to a maximum of 14 (normal motor performance).
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and p = 0.733, respectively). Figures 1 and 2 summarize 
the results obtained in patients with NPH and healthy vol-
unteers for all tests performed on all 4 days of the study.

Results of Motor Skills Tests in Patients and Controls
Motor performance could only be evaluated in 20 

of the 32 patients with NPH (the remaining 12 patients 
needed help to walk or to maintain stability, and in these 
patients the Motor Performance Test score was registered 
as 0). On the 1st day of the study, the mean Motor Per-
formance Test score, in the 20 patients who were able to 
perform it, was 7 ± 3.6 (range 1–13), the mean step length 
was 30.9 ± 11 cm (range 13.7–55.6 cm), and the mean 
walking speed was 0.45 ± 0.19 m/second (range 0.14–1 m/
second). In patients with NPH, repeated-measures analy-
sis revealed no statistically significances in step length or 
walking speed on the 4 consecutive days (Table 4, Fig. 
2). An increase in step length of ≥ 5 cm was observed on 
Day 4 in only 2 patients, whereas a decrease on Day 1 was 
found in 11 patients.

On Day 1 of the study, the median Motor Perfor-
mance Test score in healthy volunteers was 14 (IQR 
13–14, minimum 11, maximum 14), the mean step length 
was 51.9 ± 8.3 cm (range 38.5–71.4 cm), and the mean 
walking speed was 0.89 ± 0.3 m/second (range 0.48–
1.67 m/second). These values were significantly higher 
than those documented in patients with NPH (Table 3). 
Repeated-measures analysis in volunteers revealed sta-
tistically significant differences between the completed 
Motor Performance Test but not between step length or 
between walking speed on the 4 consecutive days (Table 
5, Fig. 2).

Discussion
The results of the present study demonstrate that the 

learning effect was absent in patients with NPH in all but 
1 of the neuropsychological and motor tests selected for 

their evaluation, and this was independent of their MMSE 
score. The exception was the Toulouse-Pieron test, which 
showed improvement on Day 3 but not on Day 4. In con-
trast, the learning effect was present in healthy volunteers 
on most of the neuropsychological tests but not on tests of 
motor performance such as walking speed or step length. 
Among the healthy volunteers, the learning effect tended 
to increase over the 4 days of the study period (Fig. 1 
and 2). The tests used in this study were selected because 
they are among the most widely used in the literature to 
evaluate outcome after CSF withdrawal in the diagnosis 
of patients with suspected NPH. Although the MMSE is 
not a suitable screening test in these patients, in the pres-
ent study it was used to evaluate and adjust for possible 
differences in response depending on the degree of cogni-
tive impairment at baseline.

Factors Influencing the Learning Effect
When retesting patients, the learning effect can be 

influenced by the patient’s cognitive skills, the test’s char-
acteristics, the impact of cognitive status at earlier testing 
(initial intelligence or memory competence),11,22,26 the re-
test interval,2,6,9,11,13,24,26 age,2,6,9,11,12,19,26 educational attain-
ment,6,12,24 and treatment effects.13 However, the factors 
considered the best determinants of the learning effect 
are age19,26 and performance in the first evaluation.11,22,24,26 
A study performed in healthy elderly people found that 
tests of psychomotor and cognitive skills, such as the 
Wechsler Adult Intelligence Scale performance tests and 
Trail Making Test A and B, showed a relationship be-
tween learning and age.19 Nevertheless, other studies6,22,26 
reported that only the initial score had a differential prac-
tice effect for all the measures evaluated. In the present 
study, although age and years of education were similar 
between patients with NPH and controls, no learning ef-
fect was found in the patients.

The learning effect also depends of the cognitive 
domain being tested. Distinct cognitive abilities exhibit 
different degrees of temporal stability. In general, verbal 

TABLE 3: Cognitive and motor results of healthy volunteers and NPH patients on Day 1 of the study*

Patients w/ NPH Healthy Volunteers

Test No. of Cases Mean ± SD Range No. of Cases Mean ± SD Range

Toulouse-Pieron 30     4.1 ± 3.5   0–14 30 15.8 ± 6.2   5–27
TMT A (secs) 17 198.7 ± 179.4 77–840 30 81.6 ± 33.5 37–175
Grooved Pegboard
  dominant hand 29     8.7 ± 6.6   0–25 30 21.3 ± 7.8   6–36
  nondominant hand 27     8.2 ± 5.6   0–22 30 19.6 ± 6.7   5–33
Bingley Memory 32     3.7 ± 2.3   0–9 30   7.6 ± 1.9   4–11
Word Fluency 28     3.5 ± 3.4   0–13 30   8.8 ± 4   2–18 
MPT 20     7 ± 3.6   1–13 28 14† (IQR 13– 

    14)
 11–14

length of steps (cm) 20   30.9 ± 11 13.7–55.6 28 51.9 ± 8.3 38.5–71.4
speed velocity (m/sec) 20     0.45 ± 0.19   0.14–1 28   0.89 ± 0.3   0.48–1.67

*  MPT = Motor Performance Test; TMT = Trail Making Test.
†  Median.
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knowledge and verbal reasoning are the most stable over 
time.13 Repeated neuropsychological studies in the elderly 
showed that nonverbal reasoning, attention, and concen-
tration were more dynamic over time than learning and 
remembering new data, whereas acquiring new infor-
mation was the most stable ability.13 More pronounced 
learning effects have been observed in measures with 
problem-solving or novelty components.6,11 Indeed, the 
practice effect, although small, can be found in purely 
motor measures or measures with alternative forms.6

How can the Learning Effect be Reduced?
Although the learning effect cannot be completely 

eliminated, it can be reduced by the use of parallel forms 
of the tests.2,3,6,12,24 However, these forms may be less ef-
fective in attenuating the practice effect if they contain 
novel concepts, visual-spatial learning, or graphomotor 

reasoning,2 and may not be equivalent to the original test 
in difficulty, sensitivity, and validity.6 In our healthy vol-
unteers, the only tests that did not show significantly bet-
ter scores after retesting were the Word Fluency and the 
Memory Objects (Bingley Memory) tests, which involve 
frontal execution and immediate visual memory. These 
results were probably found because we used different 
letters and pictures on each of the 4 consecutive days, 
confirming the effectiveness of using alternative forms to 
reduce the learning effect. In contrast, patients with NPH 
showed no significant improvements in any of the tests 
analyzed. Purely motor skills did not change significantly 
on the 4 consecutive days of the study in either patients 
with NPH or control individuals.

Utility of Retesting in Patients With NPH
In patients in whom NPH is suspected, one of the 

Table 4: Results of neuropsychological and motor performance tests in patients with NPH on 4 consecutive days*

Variation No. of 
CasesTest DS† Coef SE Z Value p Value 95% CI W/in-Patient Btwn-Patient Rho No. of Obs

Toulouse-Pieron 2–1 0.5 0.6 0.87 0.385 –0.7 to 1.7

0.79 2.38 0.36 30 1203–1 1.7 0.6 2.72 0.007‡   0.5–2.9

4–1 1.2 0.6 1.90 0.057   0–2.4

Grooved Pegboard§
  dominant hand 2–1 1.0 0.7 1.42 0.156 –3.4 to 2.5

0.04 0.59 0.67 30 1203–1 1.3 0.7 1.83 0.067 –0.9 to 2.8

4–1 0.4 0.7 0.60 0.552 –1.0 to 1.9

  nondominant hand 2–1 0.5 0.7 0.72 0.473 –0.9 to 1.9

0.09 0.06 0.80 30 1203–1 0.3 0.7 0.48 0.633 –1.0 to 1.7

4–1 –1.3 0.7 –1.86 0.062 –2.7 to 0.1

Word Fluency§ 2–1 0.6 0.4 1.22 0.223 –0.4 to 1.6

0.03 0.62 0.54 30 1203–1 0.4 0.4 0.75 0.456 –0.6 to 1.3

4–1 0.8 0.4 1.56 0.119 –0.2 to 1.7

Bingley Memory§ 2–1 0 0.3 0.09 0.927 –0.6 to 0.7

0.04 0.71 0.52 32 1283–1 0 0.3 0.09 0.927 –0.6 to 0.7

4–1 –0.5 0.3 –1.55 0.120 –1.2 to 0.1

Trail Making Test A§ 2–1 –13.5 21.2 –0.64 0.524 –55.1 to 28.0

0.02 0.41 0.73 21 793–1 –7.2 21.5 –0.33 0.739 –49.4 to 35.0

4–1 9.0 21.7 0.42 0.677 –33.5 to 51.6

Motor Performance Test 2–1 –0.2 0.4 –0.39 0.699 –1.0 to 0.7

0.03 0.18 0.86 31 1233–1 –0.7 0.4 –0.15 0.877 –0.9 to 0.8

4–1 –0.7 0.4 –1.56 0.119 –1.5 to 0.2

length of steps (cm) 2–1 –1.51 1.4 –1.04 0.297 –4.3 to 1.3

0.03 0.20 0.88 31 1233–1 –1.50 1.4 –1.04 0.299 –4.3 to 1.3

4–1 –2.57 1.5 –1.76 0.079 –5.4 to 0.3

walking speed (m/sec) 2–1 0 0 –1.32 0.188 –0.1 to 0

0.03 0.19 0.86 31 1233–1 0 0 –1.35 0.176 –0.1 to 0
4–1 0 0 –1.64 0.100   0–0

*  Coef = coefficient; DS =days of study; Obs = total number of observations.
†  Days of study: Day 2 vs Day 1, Day 3 vs Day 1, and Day 4 vs Day 1, considering Day 1 as the baseline. 
‡  p < 0.05. 
§  Results adjusted by the MMSE scores. For detailed information about the statistical methodology, refer to the Statistical Analysis section.
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most commonly used diagnostic techniques is to quantify 
clinical changes after CSF removal by lumbar puncture 
(tap test) or transitory lumbar drainage.18 This approach 
implies testing and retesting patients in a short period. 
When the tap test is performed, some authors retest pa-
tients on 3 consecutive days. In 1982, Wikkelsö et al.27,28  
proposed a diagnostic protocol for patients with suspect-
ed NPH that consists of evacuating 40–50 ml of CSF by 
lumbar puncture on 2 consecutive days and in quantify-
ing clinical changes before and after each procedure. Al-
though the percentage of false-negative results in this test 
is high, it is still among the most frequently used tests 
in a large number of neurology and neurosurgery depart-
ments.

The rationale for the tap test is that removing CSF 
from the subarachnoid space produces a partial normal-
ization of CSF dynamics. After the tap test, patients with 
NPH may improve, whereas those with cerebral atrophy 

will not.25,28 Additionally, patients who respond to CSF 
evacuation after the tap test may also respond positively 
after shunt implantation.10,25 However, when using the tap 
test, the potential effect of retesting and learning contam-
ination bias may mask the patient’s real response after 
CSF removal and, consequently, jeopardize the validity 
of this diagnostic maneuver.

Difficulty of Detecting the Learning Effect
The most commonly used technique in the literature 

for considering improvement after retesting patients is the 
standard deviation method, which describes significant 
change as an increase from preoperative test score by at 
least 1 SD of the mean baseline score of the population 
sample. Another widely used technique defines significant 
score change as an increased of at least 20% from base-
line. While these methods may be simple to implement, 
they do not adequately evaluate the psychometric and 

Table 5: Results of neuropsychological and motor performance tests in healthy volunteers on 4 consecutive days

Variation No. of 
Cases

No. of 
ObsTest DS Coef SE Z Value p Value 95% CI W/in-Individual Btwn-Individual Rho

Toulouse-Pieron 2–1 3.1 1.0 2.98 0.003* 1.1–5.1
0.23 0.24 0.65 30 1203–1 4.2 1.0 4.12 0.000* 2.2–6.2

4–1 4.9 1.0 4.74 0.000* 2.9–6.9

Grooved Pegboard†
  dominant hand 2–1 3.1 0.7 4.73 0.000* 1.8–4.4

0.38 0.30 0.87 30 1203–1 3.1 0.7 4.73 0.000* 1.8–4.4

4–1 4.7 0.7 7.11 0.000* 3.4–6.0
  nondominant hand 2–1 1.2 0.6 1.95 0.052 0–2.5

0.16 0.15 0.87 30 1203–1 1.4 0.6 2.21 0.027* 0.2–2.6

4–1 2.53 0.6 4.00 0.000* 1.3–3.8

Word Fluency 2–1 0.3 0.7 0.46 0.644 –1.1 to 1.7

0.01 0.13 0.60 30 1203–1 0.4 0.7 0.60 0.549 –1.0 to 1.8

4–1 0 0.7 0.05 0.963 –1.4 to 1.4

Bingley Memory† 2–1 –1.1 0.4 –2.73 0.006* –1.8 to –0.3

0.10 0.58 0.08 30 1203–1 –0.6 0.4 –1.53 0.125 –1.4 to 1.2

4–1 –0.1 0.4 –0.34 0.733 –0.9 to 0.6

Trail Making Test A 2–1 –11.1 4.2 –2.63 0.008* –19.3 to –2.8

0.18 0.24 0.73 30 1203–1 –10.6 4.2 –2.52 0.012* –18.8 to –2.4

4–1 –18.0 4.2 –4.29 0.000* –26.3 to –9.8
Motor Performance Test 2–1 0.2 0.1 2.55 0.011* 0–0.4

0.11 0.28 0.69 28 1123–1 0.2 0.1 2.55 0.011* 0–0.4

4–1 0.2 0.1 2.55 0.011* 0–0.4
length of steps (cm) 2–1 1.1 0.9 1.14 0.255 –0.8 to 2.9

0.02 0.33 0.77 28 1123–1 0.2 0.9 0.22 0.830 –1.7 to 2.1

4–1 0.8 0.9 0.87 0.383 –1 to 2.7

walking speed (m/sec) 2–1 0 0 –0.08 0.934 –0.1 to 0.1

0 0.22 0.72 28 1123–1 0 0 0.38 0.706 0–0.1
4–1 0 0 0.44 0.663 0–0.1

*  p < 0.05.
†  Results were adjusted by using the MMSE scores. For detailed information about the statistical methodology, refer to the Statistical Analysis sec-
tion.
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Fig. 1.  Box-and-whisker plots showing the results of the Toulouse-Pieron test, the Trail Making Test A, and the Grooved Peg-
board test (dominant and nondominant hands) obtained in healthy control individuals (left column) and in patients with NPH (right 
column). The plots show only data acquired in patients able to perform all the tests on each of the 4 consecutive days of the study. 
Plots show complete data ranges, except for the Trail Making Test A, in which data are limited to the 5th–95th percentiles, due 
to the large difference observed between the groups. In all tests, better performance was observed in healthy volunteers than in 
patients with NPH. In healthy volunteers, scores progressively increased over the 4 days of the study, whereas the time required 
to perform the Trail Making Test A was progressively reduced due to the learning effect. In patients with NPH, no statistically 
significant differences were observed in any of the tests, except for the Toulouse-Pieron test, which showed improvement on Day 
3 but not Day 4 (see Table 4).
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Fig. 2.  Box-and-whisker plots showing the results of the Memory Objects test, Word Fluency test, step length, and walking 
speed obtained in healthy control individuals (left column) and in patients with NPH (right column). The plots show only data 
obtained in patients able to perform all the tests on each of the 4 consecutive days of the study. Plots show complete data ranges. 
In all tests, better performance was observed in healthy volunteers than in patients with NPH. Performance did not significantly 
improve over the 4 days of the study in any of the tests, in either the volunteer or patient group.
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statistical issues surrounding change scores.22 To evaluate 
“true” change, a method should determine whether the 
observed change exceeds that expected from measure-
ment error and improvement over time due to practice 
or regression to the mean.4 Consequently, many authors 
tried to identify real changes by using more complex and 
reliable predictors of follow-up scores in the retest, such 
as Reliable Change Index adjusted for practice or differ-
ent types of regression models.5,7,11,14,16,17,22,26,29

In the present study, we used a generalized least 
squares regression method with random effects to test 
for learning effects. Repeated-measures analysis with 
random effects was the preferred analysis to distinguish 
within-patient variation from between-patient variation. 
The ANOVA and other analyses that use the entire data 
fail to account for repeated measures and their associa-
tion with between- and within-subject patient variation 
and assume that all test observations are independent and 
that there is no added correlation within a single patient’s 
observations. This assumption causes the standard errors 
to shrink and to give falsely low p values. A regression 
is not optimal as only pre- and postobservations can be 
used. There is a loss of power when only 2 of the possible 
4 data points are used in the analysis, which inflates the p 
values. In a paired t-test, the difference between baseline 
and Test 1 or another test result is regressed against pre-
dictors, which is not always appropriate and only works if 
the baseline test result is not correlated to Test 1 or which-
ever posttest is used for comparison. The method used 
in the present study is superior to using ranks because 
nonparametric analyses consume more power and cannot 
quantify the learning effect as a continuous measure or 
score.

Conclusions
The results of the present study confirm that the 

learning effect is absent in patients with NPH and, con-
sequently, that improvements after CSF removal should 
be considered to be real rather than the presence of arti-
facts secondary to retesting patients on several consecu-
tive days. Given the lack of learning effect when patients 
were studied on 4 consecutive days, this absence is all the 
more likely to occur in clinical practice when the interval 
between tests is much greater (usually between 6 and 12 
months after shunt placement). The tests selected in this 
study can therefore be used both in diagnosis and in the 
evaluation of surgical outcomes.
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