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The generation of random sequences opens up a win-
dow to psychological processes that are attributed to the 
capacity of core components of executive functions (Bad-
deley, Emslie, Kolodny, & Duncan, 1998; Knoch, Brug-
ger, & Regard, 2005; Towse & Cheshire, 2007). Unlike in 
most other neuropsychological tests, in random genera-
tion tasks, increasing automatization does not reduce the 
demands on the central executive. In contrast, a continu-
ously high control effort is required to inhibit developing 
routines (Brown, Soliveri, & Jahanshahi, 1998; Schmuck 
& Wöbken-Blachnik, 1996). In addition, random gen-
eration tests are well suited for detecting disturbances in 
the internal (spontaneous) control of behavior, because 
no external cues to guide selection of the next response 
are present (Stoffers, Berendse, Deijen, & Wolters, 2001). 
Therefore, random generation tasks are used to identify 
clinically relevant impairments of executive functions. 
But in healthy individuals, too, there is substantial in-
terindividual variability in the randomness of produced 
sequences that seems to be determined by the efficiency 
of executive (mainly inhibitory) processes. Consequently, 
random sequence generation is also a useful diagnostic 
tool rendering sensitive indices of cognitive functioning in 
the domain of differential psychology (Schulter, 1987).

The most prevalent type of random generation task has 
been random number generation: For example, subjects are 
instructed to say the numbers 1–9 in a random fashion for 
a number of trials, mostly in synchrony with an external 
pacing stimulus (e.g., a metronome), in order to control the 
rate of production. Sometimes letters (or even words) have 
been used instead of numbers (see Brugger, 1997, and Wa-

genaar, 1970, for reviews). However, verbal tasks involve 
several limitations (see below). Mittenecker (1958) was the 
first to develop a random motor generation test for the ob-
jective assessment of perseverative tendencies that aimed 
at overcoming these limitations: the Mittenecker Pointing 
Test (MPT; original German name: Mittenecker Zeigever-
such). In the original MPT, subjects were instructed to point 
successively, with their index finger and in a sequence as 
random as possible, at nine unlabeled circles irregularly ar-
ranged on a cardboard while the experimenter noted in writ-
ing which circles had been tapped. Mittenecker also devel-
oped a series of sophisticated measures of randomization 
performance—that is, quantitative measures of deviations 
from randomness, which are based on information theory 
analysis (Mittenecker, 1958, 1960).

The purpose of the present article is to introduce a con-
venient all-in-one computer program for the automatic 
and objective assessment of random motor generation 
behavior. With this software, Mittenecker’s (1958) classi-
cal behavioral test has been transferred to a contemporary 
format. The test can be applied using a standard PC and 
keyboard and automatically calculates several scores of 
random generation behavior. By publishing the computer 
program, we would like to draw attention to this alternative 
random generation task, which has been successfully used 
since the 1950s, mainly in the German-language literature, 
and make it available to researchers and clinicians not fa-
miliar with the non-English behavioral science tradition.

Most important for random sequence generation is the 
functionality of inhibitory and memory processes (Mi-
yake et al., 2000). With respect to both executive sub-
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additional demand on memory: The item pool must be 
held ready by short-term memory processes. Especially 
in patients, the requirement to represent candidate choices 
is an important source of difficulty in producing random 
numbers or letters (Towse, 1998). In contrast, in the MPT, 
the valid response alternatives are permanently visible, 
and responses outside the valid set of alternatives are not 
possible. Thus, the additional requirement to exclude re-
sponses that obtrude on the subject but are not included in 
the valid response set does not emerge. This considerably 
reduces memory load and attentional demands. Conse-
quently, the MPT is also applicable in severely impaired 
clinical samples. Moreover, the exclusion of trials in 
which subjects use responses outside the valid response 
set is obsolete.

Another important difference between the two types of 
random sequence generation is that in random number and 
letter generation, sequences are influenced by preexisting 
individual preferences for and aversions to certain numbers 
or letters and by the frequency with which letters occur in 
language (e.g., “e” is more common than “z”; Baddeley, 
1966; Kuhl & Schönpflug, 1974; Mittenecker, 1958). In 
random motor generation, no such bias exists. Therefore, 
in contrast to numbers or letters, the relative frequencies 
of selected (unlabeled) keys are virtually equal in most 
healthy individuals (Mittenecker, 1958). This improves 
the definiteness of some measures of randomization per-
formance. The dependence of individual differences in 
the inequality of relative frequencies of numbers or letters 
from the strength of individual preferences has led some 
researchers to interpret them as an expression of supersti-
tious behavior rather than as an indicator of an executive 
deficit (e.g., Avons, Nunn, Chan, & Armstrong, 2003).

In contrast to classical random number and letter genera-
tion tasks, speaking is not required in random motor gener-
ation. Consequently, the MPT is also applicable in aphasic 
patients or in patients with speech problems. In addition, 
the independence of speech makes random motor genera-
tion tasks especially well suited for using them concurrently 
with other tasks involving verbal output. The ability to per-
form two tasks simultaneously is a key method of studying 
the central executive (Baddeley et al., 1998), and, thus, their 
use in dual-task studies seems to be one of the most gain-
ful applications of random generation tasks. In addition, 
the test includes the option to use either one or both hands, 
which makes the test also useful in studies on functional 
hemispheric asymmetries (e.g., Schulter, 1987).

A more pragmatic problem of random generation tasks 
is the need to record and encode the subjects’ responses, 
a relatively laborious and potentially error-prone task. 
The MPT computer program presented here features au-
tomatic and objective collection of data, as well as cal-
culation of several sophisticated scores, in an all-in-one 
computer program. Another advantage is the standardized 
administration of the task.

THE MPT COMPUTER PROGRAM

The MPT software program, developed employ-
ing Delphi (Object Pascal), runs under Windows 2000, 

processes, random motor generation tasks like the MPT 
differ from more classical tasks (random number or letter 
generation). We propose that, on one hand, performance 
in the MPT allows more straightforward interpretations of 
the functionality of these processes than random number 
generation. On the other hand, analyzing the performance 
in both modes of generation may be particularly informa-
tive in some cases.

In random generation tasks, two natural tendencies 
must be inhibited: (1) Well-learned response stereotypes 
cause strong response biases—for instance, the produc-
tion of numbers and letters according to their natural order 
(counting up or down, production of letters in alphabetical 
order), or letters according to patterns occurring in lan-
guage. Because they are not conducive to the task, they 
must be permanently suppressed. (2) Since the newly 
developed selection strategies tend to become routine as 
well (and, hence, to be perseverated), the building of rou-
tines must be suppressed, and developing routines must 
be permanently inhibited (Schmuck & Wöbken- Blachnik, 
1996). Unlike in classical random number or letter gen-
eration tasks, in the MPT, these two processes are not 
confounded: Tendency 1 is obsolete; only Tendency 2 is 
assessed. (It is important in this context that in the MPT, 
the targets are distributed in an irregular pattern; see Fig-
ure 1 for an example in which the targets are keyboard 
keys.) That is, randomization performance in the MPT 
reflects inhibition of the naturally occurring tendency to 
repeat already selected sequences (but not sequences that 
have been overlearned through years of experience). It in-
dicates the extent to which new choices are continuously 
influenced by previously generated keystrokes and may 
correspond more directly to the concept of perseveration 
than does random number generation performance (see 
also Ginsburg & Wiegersma, 1991). Scores like the fre-
quently used counting bias in random number generation 
tasks do not distinguish between inhibition of overlearned 
sequences and perseverative repetition of sequences, be-
cause both may play a role. However, comparison of ran-
dom motor and random number generation performance 
in the same subjects may provide information on which of 
the two inhibitory processes may be primarily impaired.

Both in random number and in motor generation tasks, 
remembering the frequency with which certain numbers 
or keys have already been chosen helps to approximate 
an equal distribution of selected elements (Schmuck & 
Wöbken-Blachnik, 1996; Towse & Cheshire, 2007), but 
only random number (and letter) generation places an 

Figure 1. Spatial configuration of keys used in the Mittenecker 
Pointing Test.
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current session and sequence. The test run can be stopped 
at this stage by clicking the “Cancel” button. After the 
“Start” button has been clicked, the test will begin with 
the subject’s pressing the first key and will end with the 
last of the predefined number of keystrokes (“Length of 
sequence”). Then, if more than one sequence per ses-
sion has been selected in the settings window (“Number 
of sequences”), the screen will show the word “pause” 
until the predefined time between sequences (“Interval 
between sequences”) has passed, and the next sequence 
will be started automatically. After the production of the 
last scheduled sequence, the initial window reappears, and 
the program is ready for testing the same subject in an 
additional session (e.g., under another condition) or for 
testing the next study subject.

Measures of the MPT
Deviations from true random series are due to perse-

veration tendencies leading the individual to repeat se-
quences composed of several items. This observation gave 
direction to the development of Mittenecker’s test and its 
measures of randomization behavior (Mittenecker, 1958, 
1960). In the following section, the definitions of these 
measures are given, along with their cognitive meaning 
and evidence of their validity.

Symbol redundancy. Symbol redundancy refers to 
the inequality of the relative frequencies of chosen keys. 
According to information theory analysis (Shannon & 
Weaver, 1949), the randomness of a series decreases and 
redundancy increases with increasing deviation of the fre-
quency distribution of chosen response alternatives from 
equality.

The relative response frequency p(i) is defined as the 
frequency ( f ) of pressing the key i, related to the total 
number of keystrokes (N ) in a given sequence:
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Using a response set of n different alternatives (in the 
case of the MPT, n  9), the symbol entropy or average 
symbol information (H

–
) is defined as
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In a given sequence, symbol information is maximal 
when all alternatives were chosen with equal frequency. 
Hmax is calculated as

 H nmax log .2  
The amount of symbol information provided by a given 

sequence, then, is the average symbol information related 
to the maximum information possible (relative entropy). 
Accordingly, the symbol redundancy, SR, is defined as the 
complement of relative entropy:
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That is, if information is maximal, redundancy is mini-
mal, and the series approximates randomness or maximal 
disorder. With increasing redundancy (when frequencies 

XP, and Vista. After the program file MPT.exe has been 
downloaded,1 extracted, and stored on the hard disk of 
a computer, the software can be installed by double-
clicking the MPT.exe file. The computer keyboard has 
to be prepared by covering all keys except those needed 
for the task. (A cover can easily be made, e.g., of the 
plastic keyboard cover that usually comes with PCs.) The 
following nine keys of the standard Windows keyboard 
must be accessible (U.S. layout): “3,” “5,” “9,” “Y,” “P,” 
“D,” “J,” “V,” and “.” (German layout: “3,” “5,” “9,” “Z,” 
“P,” “D,” “J,” “V,” and “.”) (see Figure 1). The labels of 
these nine keys must be concealed with adhesive stick-
ers. Once the software is opened by double-clicking the 
MPT icon, the screen shows three buttons: The “Start” 
button is for defining the settings of a test session and 
subsequent administration of the test. The “Information” 
button gives a summary of the test scores that will be 
stored in the output file. Clicking the “Quit” button will 
close the program.

Settings
After the user clicks the “Start” button, some input 

boxes will appear: A “Subject ID” has to be typed in so that 
the user will later be able to identify the test results of an 
individual (e.g., a serial number). If multiple test sessions 
are planned, “1” must be typed into the “Session” box for 
the first test session of an individual, “2” for the second 
test session, and so on. These data are used to define the 
name of the output file: The test scores of Subject “100” 
(Subject ID) in Session “1” (Session) will be stored in 
the file “MPT100_1.dat,” located in a subfolder called  
“\MPT_data.” The output files can be opened and read 
with any text editor, and the data can easily be imported 
into statistical software packages for further analysis.

The following test settings can be modified: number 
of sequences to be produced within one session (“Num-
ber of sequences,” 1–10); total number of keystrokes to 
complete one sequence (“Length of sequence,” 1–1,000); 
and time lag between sequences, if the production of more 
than one sequence will be required (“Interval between 
sequences,” 1–900 sec). If the box “Pacing stimulus” is 
checked, an auditory pacing stimulus will be given; the 
number of stimuli per second can be entered in the input 
box labeled “Key strokes per second” with allowed values 
in the range of 0.1–3.0; if the box is unchecked, the test 
subject is free to choose his or her own response speed. 
Finally, it can be chosen whether detailed information on 
produced dyads and selection frequencies for single keys 
will be stored in the output file in addition to the calcu-
lated test scores (“Save dyad matrix and relative key selec-
tion frequency”).

Execution of the Test
After the subject clicks the “OK” button in the settings 

window, text will be presented on the screen instructing 
the subject to press the available keys in a completely ran-
dom fashion. If pacing stimuli were selected in the set-
tings, instructions to follow the pace will also be given. 
Clicking the “OK” button again will close the instruction 
window. The following screen shows the numbers of the 
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chosen in adjacent responses (k  1). For the calculation 
of CR2, instead, the frequency of dyad (i, j) is defined as 
the frequency with which the keys i and j were selected in 
responses with one response in between them—that is, in 
one response and a response following the next response 
(k  2). For k  3, dyad (i, j) is defined as the frequency 
of the pair of keys i and j in responses separated by two 
other responses, and so on. The equation for CRk is the 
same for these cases as that for CR1. Only the definition of 
the dyad changes across the conditions.

In most cases, CR1 seems to suffice for group com-
parisons (e.g., Schulter, 1987), but there is some evidence 
that indices of dependencies based on two responses with 
several other responses in between (CR2–CR6) may supply 
interesting results in the domain of differential psychol-
ogy (e.g., Guttmann, 1966; Remschmidt, 1970).

Context redundancy was used by Mittenecker (1958, 
1960) in the evaluation of his earliest MPT data and later 
on by other authors—for instance, Tulving (1962). For 
the calculation of his measure of subjective organiza-
tion, Tulving used a formula equivalent to that for CR1 
but based on absolute (instead of relative) frequencies. 
Tulving’s formula was then adopted by Evans (1978), who 
called it the random number generation score. A simpler 
version of the measure is the so-called Null-Score, which 
is the number of dyads of consecutive responses never 
named by the subject (Guttmann, 1967).

Empirical studies of the MPT reveal that the major part 
of the interindividual variance in context redundancy can 
be attributed to the tendency to repeat certain sequences of 
responses en bloc (Mittenecker, 1960). There is substantial 
evidence for context redundancy as an indicator of the effi-
ciency of inhibitory processes. For instance, context redun-
dancy increases with faster response rates (e.g., Herzog, 
1989). This was interpreted as a loss of control over per-
severation, which corresponds to the more recent concepts 
of flexibility and inhibitory control (Miyake et al., 2000). 
A number of researchers have used the original (not yet 
computerized) MPT to study psychiatric and neurologi-
cal disorders, such as schizophrenia (Axmacher, Bente, & 
Ferner, 1970; Mittenecker, 1953, 1960; Morrens, Hulstijn, 
Lewi, De Hert, & Sabbe, 2006; Morrens, Hulstijn, Lewi, 
& Sabbe, 2008; Morrens, Hulstijn, & Sabbe, 2006), Par-
kinson’s disease (Stoffers et al., 2001; Stoffers et al., 2007), 
and epilepsy (Remschmidt, 1970, 1973; Ruser, 1990), as 
well as individual differences and intraindividual variations 
in healthy samples (Krug, Mölle, Dodt, Fehm, & Born, 
2003; Krug, Stamm, Pietrowsky, Fehm, & Born, 1994; 
Perras, Smolnik, Fehm, & Born, 2001; Schulter, 1987). 
Together, the findings confirmed that higher context re-
dundancy was related to restricted cognitive flexibility. 
MPT performance in the clinical groups corresponded to 
the inability to change cortical behavioral programs in situ-
ations requiring the internal regulation of behavior that has 
been described in these conditions (Stoffers et al., 2001). 
The findings of Schulter (1987) were in accordance with 
evidence indicating primary involvement of the left lateral 
frontal cortex in inhibition-related cognitive functions such 
as overriding a highly activated representation (e.g., Hirsh-
orn & Thompson-Schill, 2006; Jonides & Nee, 2006).

f (i) are increasingly unequal), the predictability of the se-
ries of responses increases.

Symbol redundancy is equivalent to the so-called 
R score. Latent variable analysis suggests that it is related 
to the memory-updating component of random sequence 
generation (Miyake et al., 2000). The measure’s relation-
ship to memory is supported by empirical findings show-
ing that applying the MPT with a memory aid (display 
of the chosen keys on the computer monitor) reduces 
the symbol redundancy of a produced series (Herzog, 
1989). In random number generation, the contribution of 
memory to SR is less unequivocal, because strong indi-
vidual preferences may play a major role, which may ex-
ceed that of differences in memory processes (e.g., Avons 
et al., 2003).

Context redundancy. Whereas SR only refers to the 
balanced selection of single keys, in context redundancy 
(CR), all possible pairs of keys (dyads) are taken into ac-
count. CR reflects the extent to which responses are con-
tinuously influenced by previously chosen alternatives. In 
long, true random series, all possible dyads (and triads, 
etc.) are approximately equiprobable, but in series pro-
duced in random sequence generation tasks, the frequency 
distribution of dyads typically deviates from equality to a 
considerable extent.

CR1 is defined as the complement of the average context 
information—that is, the average information of all sym-
bols (keys) j, given the knowledge that the immediately 
preceding key was i. According to information theory, con-
text information is composed of the average information 
of dyads (i, j)—that is, [ n

i 1
n
j 1 p(i, j) log2 p(i, j)]—

and the average information of single keys (i)—that is, 
[ n

i 1 p(i) log2 p(i)]—and is related to the maximum 
information possible, Hmax (Mittenecker & Raab, 1973). 
Consequently, context redundancy (the redundancy of 
dyads) is defined as
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where, for the moment, k  1, to indicate dyads of imme-
diately adjacent responses. Below, we discuss other forms 
of dyads, where k can take different integer values. In CR1, 
only pairs of adjacent responses are taken into account. It 
is based on the relative frequencies with which two spe-
cific keys were selected in adjacent responses. Computa-
tional routines of the MPT also calculate redundancies of 
longer sequences (CR2–CR6). However, because it would 
be inappropriate to calculate context information measures 
for 9  9  9  729 different triads (or even more possible 
combinations for longer sequences) from a sample of a few 
hundred responses, a different approach is followed in the 
calculation of the redundancies of longer sequences (k  
2–6): They are approximated by calculating the context 
redundancies of dyads, defining dyads (i, j) as pairs of ele-
ments that were not chosen in adjacent responses, but in 
responses separated by 1–5 other responses. Therefore, for 
the calculation of CR1, the frequency of dyad (i, j) is de-
fined as the frequency with which the keys i and j were 



MITTENECKER POINTING TEST    337

Median of repetition gap distribution (MdG). 
The median of the frequency distribution of repetition 
distances has been used as an indicator of the so-called 
cycling bias. Cycling refers to the fact that subjects tend 
to make every possible response before one response al-
ternative is repeated (Ginsburg & Karpiuk, 1994). MdG 
is low in individuals with a strong tendency to repeat re-
sponses in short intervals. Miyake et al. (2000) attributed 
this score to the memory-updating component of random 
sequence generation.

In the MPT program, the first and the third quartile of the 
repetition gap distribution are also provided (repetition gap 
scores of 1 and 3), which can be used to calculate a non-
parametric measure of variability (interquartile range).

Response rate. If the generation of a sequence was not 
paced, the response rate can be calculated as the arithme-
tic mean of the time intervals ta (in seconds) between two 
consecutive keystroke responses a  1 and a. Given N key-
strokes, N  1 time intervals are taken into account.
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The variance of time intervals between the keystroke 
responses is calculated as
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In the MPT, there are remarkable interindividual dif-
ferences in the self-selected speed of responding and sub-
stantial correlations between response rate and the degree 
of randomness of produced sequences (Herzog, 1989; 
Schulter, 1987). The analysis of self-selected response 
rates is an alternative way to describe the relationship 
between production rate and random generation perfor-
mance, which has been reported using random number or 
letter generation tasks (Baddeley et al., 1998; Hamdan, 
de Souza, & Bueno, 2004; Jahanshahi, Saleem, Ho, Dirn-
berger, & Fuller, 2006).

If a study is not aimed at investigating the effects of 
different response rates, the production rate must be con-
trolled by a pacing signal in order for individual differ-
ences in the randomization measures to be interpretable.

Lateral preference. In addition to Mittenecker’s 
original scores of random generation behavior, the now-
 computerized MPT calculates a laterality coefficient re-
lating the frequency of selected keys in the left to that in 
the right hemispace. That is, the selection frequencies of 
the four keys on the left side of the keyboard (i.e., keys 
“3,” “5,” “D,” and “V” [ fL]) are related to the four keys on 
the right (i.e., keys “9,” “P,” “J,” and “.” [ fR]), excluding 
the “Y” key on an English keyboard and the “Z” key on 
a German keyboard positioned in the center of all of the 
keys used.
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f f

f f
L R

L R
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The score may add information about hemispatial in-
attention without the necessity of applying another test. 
Given the promising findings with the MPT in psychiatric 

Context redundancy proved to be a particularly sensitive 
measure in these studies. For instance, the negative impact 
of faster production rates and of additional stimulation on 
randomization performance was considerably greater for 
context redundancy than for symbol redundancy (Schulter, 
1987; Schwibbe, 1985). Mittenecker (1960) showed that 
groups of neurotic and schizophrenic patients and healthy 
individuals differed considerably in context redundancy 
but not in symbol redundancy and other MPT measures. 
In normal conditions, symbol redundancy and context re-
dundancy are not correlated (Herzog, 1989; Mittenecker, 
1960; Schwibbe, 1985).

Coefficient of constraint. This measure (CC1–CC6) is 
similar to context redundancy, but it additionally takes the 
deviations from equality of the frequency distribution of 
single keys into account.

As opposed to CRk, the dyad entropy underlying the 
calculation of CCk is not related to the maximum symbol 
entropy but to the actual symbol entropy:
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CC1–CC6 (for step sizes from k  1, i.e., dyads based 

on adjacent responses, to k  6, i.e., dyads based on 
two responses with five other responses in between) are 
calculated.

In the MPT, the correlation between coefficients of 
constraint and context redundancy is usually close to r  
1.0 (Herzog, 1989), because the two measures only differ 
if the distribution of selected keys is not equal. As op-
posed to random number or letter generation tasks, in the 
MPT, the distribution of single keys is close to equal in 
most groups of subjects (Mittenecker, 1960).

Frequency distribution of repetition distances 
(gaps). The gap lengths between the stroke of a key and 
the next stroke of the same key are measured in terms of 
the number of strokes of other keys in between. One com-
mon bias in random sequence generation is that subjects 
tend to avoid immediate repetitions of the same response 
alternatives. This repetition avoidance bias is a well-known 
phenomenon for immediately consecutive responses, but 
it has also been observed for more distant responses; that 
is, individuals were also shown to avoid repetition of re-
sponse alternatives produced up to six responses earlier 
(Chapanis, 1995; Kuhl & Schönpflug, 1974; Teraoka, 
1963; Wagenaar, 1970). In the MPT, frequencies of rep-
etitions for step sizes from k  1 (G1; i.e., the number 
of immediate repetitions corresponding to conventional 
repetition avoidance measures) to k  20 (G20) are avail-
able. This may be illustrated by the following keystroke 
series: 1 3 5 1 4 5 3 4 4 3 4 . . . The first repetition to be 
recorded is that of “1”; its step size is 3 (third stroke after 
initial stroke of “1”). The next repetition to be recorded 
will be that of “3,” with four other keystrokes in between 
(i.e., k  5), and so on. All of the distances are entered in 
a frequency of distances distribution vector (starting with 
distance k  1) and are stored in the output file.
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Structure of the output file. The different measures 
are listed in the output file in the order given in Table 1.

VALIDATION OF THE  
MPT COMPUTER PROGRAM

In order to verify the software program, the data from 
two independent studies using the computerized MPT 
were compared with the data from a study in which the 
original (physical) version of the test was used in similar 
conditions. In addition to the means and standard devia-
tions of the MPT measures, their retest reliabilities and 
interrelationships were evaluated.

Samples and Methods
Reference study. Comparison data were obtained from a study 

by Herzog (1989). In this study, the original MPT (not computer-
ized) was used in a sample of 101 subjects from different occupa-
tional groups, with the majority being students (50 women, 51 men). 
Their ages were between 18 and 45 years. The MPT was applied 
with a pacing stimulus (1.8 responses per second) and a total of 180 
responses were required.

Study 1. One hundred twenty-three university students from vari-
ous disciplines participated in Study 1 (64 women, 59 men). Their 
ages were between 18 and 31 years. The MPT computer program 
was applied in two separate sessions, 2–4 weeks apart, using the 
following settings: keystrokes per second  1.2, number of key-
strokes  180.

Study 2. One hundred two university students, 18–48 years old, 
(52 women, 50 men), who were predominantly psychology under-
graduates, took part in the second study in which the MPT computer 
program was used. In this study, the response rate was 1 keystroke 
per second, and the number of keystrokes was again 180.

Results and Discussion
The means and standard deviations of the MPT mea-

sures obtained in the three studies are shown in Table 2. 

and neurologic conditions associated with a systematic 
underrepresentation of the right side of space (particularly 
schizophrenia; Harvey, Nelson, Haller, & Early, 1993; Mi-
chel et al., 2007), this may be a useful additional feature of 
the random motor generation test.

If the lateral preference score is used, it is essential to 
make sure that the keyboard is centered in front of the 
subject during the task; that is, the imagined line between 
the “G” and “H” keys should point to the navel of the test 
subject.

Matrix of dyads and key selection frequencies. 
Additional information may be drawn from the total 
matrix of (first-order) dyad frequencies. Therefore, the 
matrix of dyads per sequence is also stored in the output 
file—namely, in the following order: Key 1  Keys 1–9, 
Key 2  Keys 1–9, Key 3  Keys 1–9, and so on. Fi-
nally, the selection frequencies for each of the nine keys 
are listed in the following order of keys: “3,” “5,” “9,” “Y” 
(“Z”), “P,” “D,” “J,” “V,” “.”.

Table 1 
Structure of the Output File 

 Parameter  Number of Values  

Length of sequence  1
Symbol redundancy  1
Context redundancy  6
Coefficient of constraint  6
Repetition distances 20
Repetition gap scores  3
Response rate  1
Variance of time intervals  1
Lateral preference  1

Optional:
 Matrix of dyads 9  9

  Key selection frequencies  9  

Table 2 
Means and Standard Deviations of MPT Measures Obtained  
With the Original and the Computerized Forms of the Test

MPT MPT
Computerized Computerized MPT

MPT Original Study 1/ Study 1/ Computerized
(Herzog, 1989; Session 1 Session 2 Study 2 

 n  101) (n  123) (n  123) (n  102)

  M  SD  M  SD  M  SD  M  SD

SR 0.011 0.014  0.013 0.015  0.016 0.019  0.010 0.008
CR1 0.261 0.127  0.252 0.096  0.267 0.103  0.217 0.078
CR2 0.188 0.108  0.185 0.066  0.187 0.063  0.166 0.054
CR3 0.164 0.100  0.159 0.048  0.161 0.046  0.153 0.042
CR4 0.150 0.098  0.153 0.049  0.156 0.042  0.142 0.043
CR5 0.143 0.093  0.147 0.045  0.147 0.042  0.140 0.039
CR6 0.139 0.088  0.139 0.045  0.141 0.036  0.127 0.035
CC1 0.251 0.127  0.242 0.096  0.256 0.100  0.209 0.079
CC2 0.176 0.109  0.174 0.066  0.174 0.060  0.157 0.055
CC3 0.152 0.101  0.148 0.048  0.148 0.042  0.144 0.043
CC4 0.138 0.099  0.141 0.049  0.142 0.039  0.134 0.043
CC5 0.131 0.094  0.135 0.045  0.133 0.041  0.131 0.040
CC6 0.127 0.087  0.128 0.044  0.127 0.033  0.118 0.036
G1 3.17 5.24  3.27 5.47  3.27 7.18  3.73 9.72
MdG 9.03† 0.67 11.15 0.62 11.08 0.66 11.21 0.37
†The mean MdG in Herzog (1989) is not directly comparable with the mean MdG in the 
computer test (see the text).
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was not correlated with SR or with MdG (Herzog, 1989; 
Mittenecker, 1960; Schwibbe, 1985). As in the reference 
study, the correlation between CR1 and CC1 was close to 
1.0 (r  .99).

In order to evaluate whether randomization perfor-
mance in the MPT may be affected by repeated perfor-
mance or practice, a multivariate ANOVA was conducted 
with session (1, 2; Study 1) as a within-subjects factor 
and SR, CR1, CC1, G1, and MdG as the dependent vari-
ables [F(5,118)  1.7, n.s.]. No change of randomization 
performance after repeated performance of the test had 
also been shown for the noncomputerized version of the 
MPT (Schwibbe, 1985). Consequently, the MPT is highly 
suitable for repeated use. Unlike other neuropsychologi-
cal tests measuring similar functional processes (e.g., the 
Wisconsin Card Sorting Test), the validity of the MPT is 
not affected by repeated application (Schwibbe, 1985).

CONCLUSION

The MPT computer program produces data that are 
equivalent to the original (noncomputerized) version of 
the test. Because of the special features of random motor 
generation and its easy and well-controlled administra-
tion, the automatized MPT offers a wide range of applica-
tion possibilities in healthy and clinical samples.

Since the development of the original MPT, other au-
thors have suggested alternatives to the classical verbal 
random generation tasks, also involving motor responses 
(e.g., Annoni & Pegna, 1997; Baddeley, 1996; Hoffmann 
et al., 2003; Schneider, Joppich, van der Lugt, Däuper, 
& Münte, 2004). We prefer the MPT because it does not 
use labeled response sets, which may confound random 
number generation with random motor generation. The 
MPT program also avoids spatially ordered layouts of the 
available keys, which can cause problems similar to those 
for labeled response sets.

Towse and Neil (1998) introduced a Windows 95 pro-
gram for calculating a number of measures of random 
generation behavior, with special focus on random num-
ber generation. Towse and Neil’s program provides some 
special measures that are only relevant in random num-
ber generation and, hence, are not included in the MPT 
program (adjacency, turning point index, phase length, 
runs, first-order difference). Thus, if biases more directly 
related to counting are the focus of interest, random num-
ber generation and Towse and Neil’s program may be a 
good choice. The MPT program differs from that of Towse 
and Neil by being focused on random motor generation. 
It provides an all-in-one system for measuring and ana-
lyzing random motor generation. In addition to normal 
populations, such a system may be especially useful for 
situations where random number generation is not feasible 
(e.g., the absence of speech) and for severely impaired 
clinical populations.

AUTHOR NOTE

The authors are grateful to Bernhard Weber for valuable assistance in 
developing the computer program. The development of the program was 

They show that the classical and the computerized form 
of the test produced very similar data. The means of the 
information theoretical measures SR, CR, and CC ob-
tained with the computer test were evidently in the same 
range as those obtained with the original method. The 
same holds true for the number of immediate repetitions 
(G1). Minor deviations can be attributed to small varia-
tions in the production rate and composition of the sam-
ples between the studies (slightly better scores in Study 2, 
with a lower production rate and a homogeneous sample 
of psychology students). Particularly, the means of the 
inhibition-related measure CR, which has been proved 
to be the most sensitive measure in past studies (Mit-
tenecker, 1960; Schulter, 1987; Schwibbe, 1985), were 
virtually identical in Study 1 (computer test, CR1  .252, 
Session 1, and CR1  .267, Session 2) and the reference 
study (original test, CR1  .261). The mean value of MdG 
in the reference study is not directly comparable with 
those of the computer test; because of a special research 
question, a slightly different computational approach was 
used in Herzog (1989). In addition to the means, retest 
correlations and intercorrelations among the MPT mea-
sures provided further evidence for the validity of the 
MPT computer program.

The retest reliabilities (Study 1) for SR, CR1, and CC1 
were r  .76 ( p  .001), r  .75 ( p  .001), and r  
.75 ( p  .001), respectively. The retest reliabilities for the 
number of immediate repetitions (G1) and the median of 
the repetition gap distribution (MdG) were r  .36 ( p  
.001) and r  .43 ( p  .001), respectively. The retest 
reliabilities of the information theoretical measures SR, 
CR1, and CC1 obtained with the computer test were in 
accordance with scores that were reported for CR1 in the 
classical (noncomputerized) MPT (r  .66–.86; interval, 
1–15 days; Schwibbe, 1985). Somewhat lower temporal 
stabilities have been reported for SR in the classical, non-
computerized MPT (r  .38–.88; Schwibbe, 1985). The 
retest reliabilities of the information-theoretical scores 
in the computer test were in a range that is common for 
behavioral tests. They indicate that SR and CR1 are about 
equally determined by inter- and intraindividual differences 
and, thus, are suitable to assess both temporally stable in-
dividual differences (traits) and situational (state) effects. 
The more simple scores, G1 and MdG, showed only low 
temporal stability and do not seem to be suitable to assess 
temporally stable characteristics of healthy individuals.

The intercorrelations among MPT measures are re-
ported as the average correlations using the data of Stud-
ies 1 and 2. According to the view that SR and MdG are 
predominantly related to the memory-updating component 
of random sequence generation, whereas CR mainly re-
flects the efficiency of inhibitory processes, SR and MdG 
should be correlated with each other but not with CR. The 
results obtained with the computer form of the MPT cor-
responded to this pattern: SR with MdG, r  .25 ( p  
.01); SR with CR1, r  .14 (n.s.); MdG with CR1, r  .06 
(n.s.). This result is in accordance with those of studies in 
which the original form of the test was used, in which SR 
was also negatively correlated with MdG, whereas CR1 
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