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Summary

The objective of this study was the assessment of
neuropsychological performance in a sample of schizophrenic
patients using a new computer-administered instrument, the Test
of Random Rhythm Generation (ARG). The test was applied to
a group of 20 DSM-IV schizophrenic patients (SG) and 20 sex-
and age-matched controls (CG). The Positive and Negative
Syndrome Scale (PANSS) and Frankfurt Complaint Questionnaire
(Frankfurter Beschwerdefragebogen, FBF) were used to study
patients' psychopathology. The neuroleptic treatment received
by each patient during the last month was converted into daily
equivalents of chlorpromazine. In the ARG, the subject is asked
to press the space key of the computer at a rhythm as irregular
as possible. The test aims at assessing the individual's ability to
créate random rhythms by means of sequences of blows, which
is hypothetically associated with a high neuropsychological
performance. The data were analyzed by means of three different
mathematical techniques. Results showed that schizophrenic
patients generated more regular and rhythmic sequences than
controls (correlation dimensión in SG = 2.78 ± 0.81, in CG = 3.69
± 0.64, p < 0.01). This suggests that neuropsychological
performance measured by the ARG was worse in patients
compared to controls.
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ARG is proposed as a new technique to evalúate
neuropsychological performance with the following advantages:
(1) its short-time application (it usually takes no more than 10
minutes), (2) personnel only require a short training to learn
how to apply it, and (3) different analyses of the data are quickly
carried out by the computer program.

Introductíon

Schizophrenia is a brain disease that disrupts the normal
functioning of many cognitive abilities. Patients usually show
bilateral frontal and temporal lobe dysfimction, including
impairments on attention, retention time and problem solving
ability. Therefore, the study of neuropsychological
performance in schizophrenic patients must usé a wide range
of tools, including general tests and batteries, tests for
attention, executive functions, fluency, motor function or verbal,
as well as visual, short-term and long-term memory. In the last
years, some computer-administered tests have been developed.
Their advantages include that measures are more accurate,
correction of the data is simplified, and interpretations are more
quickly and easily obtained. Our research group has developed
a new computer-administered instrument, the Test of Random
Rhythm Generation (ARG), which was presented elsewhere
[Jimeno et al. 1996a; Hornero et al. 1999] and has been registered
at the University of Valladolid.

A random rhythm of blows is an irregular sequence lacking of
an evident rule for its generation; there is much variation along
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time. This hypothetically requires a certain level of mental ability.
Consequently, generation of random rhythms must be
undersíood as a ,^iormal" performance. On the contrary, a stable
rhythm will be formed by a regular sequence of blows where a
rule for its generation is easily found; variation along time is
now small. This sort of sequences is associated wiíh a loss of
mental ability and therefore must be considered as a
,,pathological" performance. In order to prove that individual's
ability ío créate random sequences is associated with a high
neuropsychologicaí performance, we have assessed this ability
in schizophrenic patients by means of the ARG.

Métodos

Tesí of Random Rfayínm Generation (ARG)
If possible, the test is performed in an ordinary examination
room, being íhe computer placed at a side of the table (or on an
additional one). A dim natural light projected on the computer is
preferred. Iníerruptions during the exploration or pressure of
time must be avoided. The doctor in charge holds a short
interview with the patient in order to check his/her present mental
state -acule positive symptoms should obviously be avoided-
as well as the level of motivation and cooperation to perform the
test. If the inteviewer judges them satisfactory, the patient must
sit in front of the computer and see perfectly the screen. The
interviewer first asks which hand he/she uses normally and
checks that the patient is able to press comfortably the space
key with his/her dominant hand. Then the following instruction
is given: ,,This is a simple test with a computer. You must press
this key -and shows the space key- with a finger at a rhythm as
irregular as possible during some time, until the screen indícales
the end of the task. First, your are going to see an example". The
computer shows an example, consisting of a square of 4 by 4 cm
which appears and disappears in the screen at an irregular rhythm.
The presence of the square in the screen is accompanied by a
beep. In this way, the patient may follow the example of the
required task. The interviewer repeats now that this was only an
example and that he/she must try to do it as irregular as possible.
The subject performs now a sequence consisting of a sequence
of blows. Once the patient has completed 64 blows, the program
stops and asks about a second sequence. The interviewer
inquires the patient how difficult he/she found the task and
checks that the subject understands the task to perform. If
necessary, the examiner may explain that the lask does nol consisl
in going only too fasl or too slow, but in changing the rhythm.
Usually only one trial is necessary, then a second and a third
sequence are proposed.

Data of all the sequences are collected, but the first one(s) is(are)
considered as a trial and only the last two sequences will be
analyzed. In a previous study with the ARG [Hornero et al.
1999], we noticed that sequences of 128 points -or blows- are
optimal to analyze data: resulte might be wrong both if íhe
sequence is too long, because generating long random
sequences is a very hard and tiring task, or if it is too short,
because mathematical procedures might not be properly applied.

Once the data acquisition is finished, the program carnes out
automatically the following analyses: (1) a histogram of interval
frequencies between blows, (2) a plot of the chaotic dynamic
attractor of the generated sequences expressed in the phase
space, and (3) the correlation dimensión, applying the technique

of Grassberger and Procaccia (1983). The slalistical analysis
was done by means of the ANO VA test. Further delails aboul
this melhodology are provided elsewhere [Hornero et al. 1999].

Subjects
A sample of 20 patients diagnosed of schizophrenia according
to DSM-IV criteria were recruited from íhe Departmenl of
Psychiatry of the University Hospital of Valladolid, Spain.
Inclusión criteria were (!) age between 16 and 55 years, (2)
history of prior hospital admission(s), (3) no psychotic episodes
during íhe lasl year, and (4) no menlal relardation or other cerebral
disorders. Their main sociodemographic and clinical variables
are shown in Table 1. All patienls of íhe schizophrenic group
(SG) were living at home and on ambulatory trealment, 15 were
receiving neuroleptics, mainly middle doses of haloperidol or
risperidone. Neuroleplic tteatmenl during íhe lasl month was
converted into equivalente of chlorpromazine; the mean daily
dosis was 192.5 ± 205.7 mg/day. In addition, a control group of
20 sex- and age-matched subjects lacking of past or present
psychiatric hislory was lesled. There were 15 men (75%) and 5
women (25%) in bolh groups. Mean age was 30.8 ± 7.4 years in
the schizophrenic group (SG) and 30.9 ± 7.4 in the control group
(CG). All the patienls and control subjects had right-hand
dominance.

SG OG

15(75)
5(25)

30.9±7.4

Sex
Male 15(75)
Female 5(25)

Mean age 30.8 ±7.4

Age at onsel 19.7 ±4.6

Duralion of
íhe illness (years) 11.3 ±6.7

Diagnosis of patienls
wiíh schizophrenia

Paranoidlype 12(60)
Calalonic lype O (0)
Disorganized type O (0)
Undifferentialtype 2(10)
Residual 6(30)

Figures in parantheses indicate percenlages

Table 1. Sociodemographic and clinical data ofthe sample
(abbreviations see text).

In the SG group, psychopathology assessment was carried out
by means ofthe Positive andNegative Syndrome Scale (PANSS)
[Kay et al. 1990] and the Frankfurt Gomplaint Questionnaire
(Frankfurter Beschwerdefragebogen, FBF) in its third versión
[Süllwold and Huber 1986], both in their Spanish language
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adaptation [Peralta and Cuesta 1994; Jimeno et al. 1996b]. All
the clinical assessments were carried out by the same experienced
psychiatrist (N. J.). While the PANSS objectively collects positive
and negative symptoms, the FBF aims at subjectively-perceived
deficiency symptoms, also called "basic symptoms". A certain
degree of patient's cooperation is necessary to fulfil the FBF
and perform the ARG, what is usually achieved after some days
of hospitalization. Psychopathologic symptoms at this time point
were assessed by means of the PANSS.

Results

The main results of this study are presented in Table 2. Since in
analyses 1 and 2, already described in the methods section, it is
not possible to show global results but only individual cases,
data ofthe 'type subject' of each group -or subjects who had
the most similar performance to the group's average- are
displayed: patient number 16 in the SG (pat-16) and control
number 19 (con-19) in the CG.

The first analysis focuses on the histogram of interval
frequencies between blows. The X-axis contains the different
time intervals (or time between one blow and the next), measured
in miliseconds, and the Y-axis shows the number of cases - or
occurrences - corresponding to each interval. A blow
corresponding to the interval 0-20 has been produced
immediately añer the previous blow. On the contrary, if another
blow is represented in the interval 240-260, this means that it has
taken a long time to occur. This also explains that, if the sequence
is rather fast, the columns ofthe histogram are mostly placed on
the leñ, and if it is rather slow, columns tend to be on the right.
However, the fact that the sequence is rather fast or slow. which
might be fixed by the time needed to accomplish the task (the
computer program stops once the necessary blows have been
carried out), is not the essential point of this test, which aims ai
assessing the individual 's ability to créate random sequences
ofblows.

Fig. 1 shows the histogram ofthe type-subject ofthe SG (pat-
16), which contains a few number of intervals. The time between

No.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20

Sex

F
F
M
F
M
M
M
M
M
M
M
M
M
M
M
F
F
M
M
M

Age

33
36
31
54
32
16
35
28
28
23
27
39
23
26
34
32
31
34
27
26

Ageat
onset

16
30
20
29
17
13
16
22
15
22
19
19
22
20
21
25
18
16
15
21

Duratíon

17
6

11
25
15
3

19
6

13
1
8

20
1
6

13
7

13
18
12
5

Diagnosis

295.60
295.30
295.30
295.60
295.30
295.30
295.30
295.60
295.60
295.30
295.90
295.60
295.30
295.30
295.60
295.30
295.90
295.30
295.30
295.30

SG

PANSS-P

10
26
19
23
13
23
31
10
16
15
18
10
13
19
28
9

16
9

10
17

PANSS-N

18
24
12
23
28
27
11
28
16
22
16
18
16
19
25
16
27
20
17
20

PANSS-C

-8
2
7
0

-15
4
20
18
0

-7
2

-8
-3
0
3

-7
-11
-11
-7
-3

PANSS-G

35
39
27
42
30
52
43
41
32
37
41
35
33
34
46
31
33
36
33
37

FBF

23
91
65
58
17
25
49
17
28
56
83
84
90
65
59
31

n.v.1
50
56
53

CD

2.5
4.3
1.9
2.2
3.2
2.9
3.4
2.6
2.1
3.1
2.8
3.4
2.7
1.2
32
2.7
4.5
2.9
2.3
1.6

CG

CD

5.0
3.1
2.9
2.7
4.4
3.9
3.9
4.1
4.4
3.9
3.0
3.2
3.4
4.1
4.2
3.6
2.5
4.0
3.6
3.8

Mean 16.7±6.8 20.2±5.3
(15)2 (30)2

-3±8.5 36.8±6.1 52.6±24.8 2.78±0.81 3.69±0.64*
(40)2 (20)2 (75.8)3

1 Not valuable.
2 Percentile compared with a sample of 100 schizophrenic patients [Peralta and Cuesta 1994].
3 Percentile compared to a sample of 293 assessments of psychotic patients [Jimeno et al. 1996b].
•p<0.01.

Table 2. Results obtained in the psychopathological scales and in the correlation dimensión ofthe ARG.
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one blow and the next tends to be very similar, and mere are few
changes of rhythm. The subject always repeats the same
sequence. In a few words, the presence of a small number of
columns suggests that the sequence is quite regular and
rhythmic. With the same number of columns in the histogram,
the sequence would be even more regular and rhythmic if the
columns had a similar height. This would mean that several
intervals between blows are repeated with the same frequency.
The mosí regular and rhythmic sequence would be represented
by a single column (only one interval would appear).

I 1 1 1 I I I I 1
O 20 40 60 80 100 120 140 160 180 200 220 240 260

Time Between Blows

Figure 1. Histogram ofthe time seríes generated by the type-
subject ofthe SG (pat-16).

40 —i

35 —

30 —

25 —

20 —

15 —

10 —

5 —

Fig. 2 displays the histogram ofthe type-subject ofthe CG (con-
19). It contains a significantly higher number of intervals, again
with different heights. Then, it can be deduced that the sequence
here is more variable or irregular, and less rhythmic. This fact
was verified in 17 ofthe 20 patient-control compansons (with
the exception of numbers 2, 12 and 17), what suggests that
sequences generated by the schizophrenic patients were more
regular and rhythmic than those of control subjecís.

The second analysis plots the chaotic dynamic attractor. This
analysis requires that valúes of certain parameters -time delay,
embedding dimensión- are previously fixed [see more details in
Hornero et al. 1999]. By means of a complex mathematical
procedure [Grassberger and Procaccia 1983], the blow sequence
is converted into a figure called attractor which in fact contains
8 dimensions, although only 3 can be represented on a paper
sheet. However, if in this plot there is a dominant shape -or, in
other words, a regularity pattern- to recognize, we can affirm
that the sequence is rather rhythmic. This is the case of a few-
side polygon (i.e., triangle, rectangle..) or a curve. The most
regular and rhythmic sequence would be represented by a single
point. On the contrary, a plot lacking of any dominant shape is
related to an irregular and random sequence. No information
about this point can be deduced from the attractor's size, since
this variable depends more on the mathematical procedures than
on the degree of randomness. In spite of their limitations, both
the histogram and the attractor can provide a preliminary idea of
the kind of generated sequence.

Fig. 3 shows the reconstructed attractor ofthe time sequences
generated by the type-subject ofthe SG (pat-16), whose
histogram was drawn in Fig. 1. The dominant shape is
approximately a 6-side polygon. Similarly, the reconstructed
attractor of the time sequences generated by the type-subject
of the CG (con-19), whose histogram was displayed in Fig. 2, is
shown in Fig. 4. No dominant shape is here easily recognized.
We calculated all the subjects' attractors in both groups, which
are not shown in this paper because of space reasons. However,
we observed that in the same mentioned 17 of the 20
compansons, attractors ofthe CG subjects have a more complex
tangle than the patients' ones.

ATTRACTOR

O 20 40 60 80 100 120 140 160 180 200 220 240 260
Time Between Blows

Figure 2. Histogram ofthe time seríes generated by the type-
subject ofthe CG (con-19).

o o

Figure 3. Reconstructed attractor ofthe time series generated
by the type-subject ofthe SG (pat-16).
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Figure 4. Reconstructed attractor ofthe time series generated
by the type-subject ofthe CG (con-19).

Finally, the third analysis is a quantitative valué called correlation
dimensión (CD). Indeed, only an estimation ofthe correlation
dimensión can be obtained by means of this procedure [Hornero
et al. 1999]. The bigger the correlation dimensión is, the more
irregular and arrythmic the sequence is. Table 2 also summarizes
results of correlation dimensions for the two groups of subjects,
once matched by sex and age. The mean valué ofthe correlation
dimensión in the schizophrenic group was lower than in the
control group(SG = 2.78±0.81,CG = 3.69±0.64;p<0.01).In the
same 1 7 (85.0%) ofthe 20 patient-control comparisons, correlation
dimensions of time sequences generated by schizophrenic
patients were lower than their respective controls. In other words,
in only three comparisons correlation dimensión was higher in
schizophrenic patients than in their controls. In summary, this
third analysis of data shows that schizophrenic patients
generated more regular and rhythmic sequences than controls
(correlation dimensión in SG = 2.78 ± 0.8 1 , in CG = 3 .69 ± 0.64; p

With regard to the PANSS, schizophrenic patients obtained a
score of 1 6.7 ± 6.8 in the positive scale (PANSS-P), 20.2 ± 5 .3 in
the negative (PANSS-N) and 36.8 ± 6.1 in the scale of general
psychopathology (PANSS-G). Inthe FBF, the group of patients
obtained a mean total score of 52.6 ±24.8.

Discussion

The first two analyses of results in the ARG -histograms of
interval frequencies and reconstruction ofthe attractor- provide
a visual interpretation of the generated sequence of blows. In
our study, schizophrenic patients tend to have a small number
of columns in their histogram and their chaotic dynamic attractor
usually shows a dominant shape or regularity pattern. Both
analysis suggest that patients genérate more regular and
rhythmic, i.e. more rigid sequences, than control subjects. In
other words, schizophrenic patients seem to show a reduction
of complexity compared to controls when performing the ARG.
This idea is confirmed by the third analysis, correlation
dimensión, which consists in a numerical valué and therefore
always provides a more accurate information. Valúes obtained

in the two groups are: SG=2.78±0.81,CG=3.69±0.64;p<0.01.

Assessment of repetition of rhythms is included in some
neuropsychological batteries, e.g. the Luria battery and the
Neurological Evaluation Scale [BuchananandHeinrichs 1989].
Indeed, the ,,Rhythm Tapping Test" of this last scale consists in
asking the subject to reproduce exactly the series of taps heard
while keeping the eyes closed. However, to our knowledge, the
ARG is the only test developed to measure the abiliíy of
generating random rhythms.

Several objections can be raised against the ARG: First, whether
the patient correctly understands íhe instruction ,,press this
key with a finger at a rhythm as irregular as possible". To
assure this, an example is given by the computer; also, the
subject has the possibility of making several triáis, and the
interviewer must check that the subject understands the task
to perform. However, the moment of assessment should be
carefully selected; the doctor in charge of the patient should
check his/her present mental state. Second, whether the patient
is motivated to perform the test. This question arises when
applying most of cognitive tests, symptom questionnaires and
psychosocial therapies in schizophrenic patients. It is again
the doctor in charge who must check the degree of motivation
and cooperation. The interviewer also tries to enhance them
by presenting the test in an attractive way. Our experience shows
that the test is generally very well accepted by the patient, and
that the instruction ,,This is a simple test with a computer" helps
to minimize any possible patient's fear or mistrust at the
beginning. The third objection which might be discussed is the
influence of neuroleptic medication in the performance ofthe
ARG. Once the neuroleptic treatment was converted into
equivalents of chlorpromazine, we obtained that patients of this
study were receiving 192.5 ± 205.7 mg/day of chlorpromazine.
Therefore, neuroleptic treatment could effectively account for
at least some part of the results. We certainly believe that the
task to perform -genérate random sequences- is not only of a
motor nature, but also includes a high component of executive
functions, particularly cognitive flexibility: to get the best results,
the subject has to use different strategies and plan exactly when
he/she is pressing the key. However, this interesting point about
the possible influence of medication requires further
investigation and is one of the research lines we are dealing
with.

The main interpretation of our results is that the group of
schizophrenic patients genérate more regular and rhythmic
sequences than the group of control subjects or, in other words,
that patients show a reduction of complexity when performing
the ARG. This fact agrees with findings showing that
schizophrenic patients are characterized by less complex
neurobehavioral and neurophysiological measurements than
control subjects: (1) in a test of random number generation,
consisting in choosing several times a number between 1 and 10
without any generative rule, schizophrenics tended more to
repetition and therefore performed worse than normal subjects
[Rosenberg et al. 1990]; (2) when performing a listening task
they showed a high degree of semantic recurrence in hallucinated
"voices" [Hoffman et al. 1994], and (3) when predicting 500
random right or left appearances of a stimulus, they generated
more predictable or interdependent sequences [Paulus et al.
1996].
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We have hypothesized that the generation of random rhythms,
that is, irregular sequences lacking an evidenl rule for its
generation, requires a certain ievel of mental ability and must be
understood as a ,,normal" performance. On the contrary, regular
and rhytnmic sequences are hypothetically associated with a
loss of mental ability and consequently must be considered as a
,,pathologicai" performance.

¡n addition, some data can be derived from the
psychopathological scales, the PANSS and the FBF. Valúes
obtained in the PANSS were compared with those corresponding
to a sample of 100 schizophrenic patients [Peralta and Cuesta
1994]. The score of 16.74± 6.83 in the positive scale (PANSS-P)
is comprised between íhe percentiíes 10 and 15, the score of
20.16 ± 5.30 in the negatíve scale (PANSS-N) corresponds to the
interval between percentiíes 30 and 35, and the score of 36.8 ±
6.1 in íhe scaíe of general psychopathology (PANSS-G) to
percentiíes 20 and 25. In the FBF, the group of patients obtained
a mean total score of 52.6 ± 24.8, which corresponds to the
percentile 75.8 when compared with a sample of 293 psychotic
patients [Jimeno et ai. 199ób]. According to these results, our
paíients show a very small degree of positive symptoms
(percentile 10-15 in the PANSS-P), certain general symptoms
(percentiíes 20 and 25 in the PANSS-G), a little higher degree of
negative sympíorns (percentile 30-35 in the PANSS-N), and
particularly marked seif-experienced symptoms (percentile 75.8
in the FBF). Therefore, they could be considered modérate
chronic schizophrenic patients.

The fact that the group of modérate chronic schizophrenic
patients show poorer performance in the ARG man sex- and
age-matched normal controls might indícate, according to our
hypotfaesis, íhat this neurocognitive measurement is a new
indicator of vulnerability to schizophrenia. This possibility
should be tested in several ways to fulfill the required criteria
[Green and Nuechterlein 1999]: Firstly, the neurocognitive
measurement should reveal a déficit in a sample of schizophrenic
patients compared to the general population. Secondly, the déficit
should be present during periods of symptomatic remission as
weil as in the psychoíic episode. Thirdly, the déficit should be
disproportionaíely present in first-degree relatives of the patient,
even if the relatives do not have the illness. Further research
with íhe ARG is needed. Performance in more groups of patients
both during periods of relapse and symptomatic remission, as
weSÍ as in controls and first-degree relatives, should be carefully
assessed. In addition, associations with neuropsychological and
clinical variables, including drug therapy, musí be studied.

Conclusión

Using a new computer-adminisíered instrument, the Test of
Random RhyUim Generation (ARG), it was observed that a group
of 20 schizophrenic patients generated more regular and rhythmic
sequences than sex- and age-matched controls (correlation
dimensión inSG = 2.78±0.81,inCG = 3.69±0.64,p<0.01).
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