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THEORETICAL PART

........ the evident fact that man is not
merely perceptive and intellectual, but
distinctly active or reactive, .
(R.S. Woodworth, 1899).
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1. Introduction
Before you could read this text your hands must have grasped the book

and your thumb and fingers assisted in selecting the appropriate page.

Execution of these movements was done after you made the decision to

read this dissertation. In between the decision and the actual movement

production, mechanisms must be assumed which translate the intention

into muscular actions. These mechanisms are the objective of this

thesis.
Focus of the study concerns the preparation of temporal aspects of

a movement. A large part of the task-oriented research on motor behavior
involved the effect of speed on spatial accuracy of movements (e.g.

Woodworth 1899; Fitts and Peterson 1964). Some attention will be paid to

this aspect, but the major part of the study discusses processes

involved in the preparation of movements with different temporal

requirements as a consequence of the manipulation of average velocity

(AV).

During movement execution corrections are sometimes needed in order

to attain the intended goal. If these cannot be effectuated during

execution, it is usually still possible to issue another movement after

termination of the first one to arrive at the planned goal. Perception

of movement information during and after the movement and the way this

feedback is processed will not be examined in the present study. The

representation of a movement in memory and its retrieval, plthough a
premisse for the execution of the movements investigated will also not

be dea 1t with.
Preparation of movements will mainly be considered from a motor

programming point of view. However, this certainly does neither imply a

denial of feedback processes in the control of movement (e.g. Spijkers,

Albracht and Lochner 1988) nor of neurophysiological events occurring
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before and during movement execution (e.g. Brunia, Haagh and Scheirs

1985; Brunia 1987). Motor programming is viewed as a constructive and

flexible process of specifying values on dimensions of an abstract

motor program. Although several procedures with their corresponding

measures have been developed for studying the structure and formation of

motor programs, the main emphasis in the present study will be on the

reaction time approach. In this view inferences about the motor

programming process are based on patterns of reaction time effects

obtained through systematic variation of movement variables (e.g.

Sternberg 1969). Furthermore, motor programming is conceived of as a
separate processing stage in the linear stage model of human information

processing (e.g. Sanders 1980b). Before the procedural and theoretical

details of the present study are described, the above-mentioned notions

regarding motor programming will be further elaborated.

The theoretical part has the following outline. A short discussion

of the closed-loop versus open-loop issue of movement control, is

followed by a destription of the motor program concept. In the next

section, attention is paid to movement impulse-variability and reaction

time approaches of the motor program concept. Then methodological

aspects of the reaction time approach are considered. While focussing on

the linear stage model, a more extensive and detailed treatment of

motor programming in choice reactions is presented. The basic task and

methods which were used for investigating the effects of average

velocity on reaction time are described next. In this section, however,

the main emphasis will be laid on the rationale for the series of

experiments conducted in the frame of this thesis. In addititon, a

review of the main results is given on the basis of which it is argued

that in the linear stage model of choice reactions a motor programming

stage can be discerned which is structurally and functionally different
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from other stages. Finally, an overview of the major conclusions of the

experimental work -fully reported in the Experimental Part of the

dissertation- is presented.

1.1. Movement control: closed- versus open-loop concepts

The problem of the control of action has long occupied the interests of

philosophers and physiologists, but only recently of psychologists. For

psychologists, the problem is not the nature of the will or the

mechanisms by which neuromuscular activities are coordinated, but they

view the study of action control as a problem of how intentions are
translated into actions.

In the closed-loop concept of movement control, it is assumed that

extero- and proprioceptive feedback of the actual performance is
continuously evaluated and compared with the expected feedback of the

intended movement. A reference mechanism encompassing the expected and

actual feedback information issues the error which in turn is used to

correct the ongoing movement in order to arrive at the intended goal. In

the motor learning domain the closed-loop theory of Adams (1971) was the

first proponent of the cognitive - informational- view of knowledge of
results as basis for learning. His student Schmidt (1975) was

dissatisfied with Adams' position on two points: (a) the theory relies

too much on response-produced feedback and consequently fails to

consider the possibility that, under circumstances, movement sequences

can be run off centrally without the aid of feedback, and (b) it fails

to consider response variability, not in the sense of random error but
in the sense of production in which resoonding is flexibly adaoted to a

changing situation. Schmidt's theory is called schema theory, but it

relies heavily on the concept of motor programming as well.

Schema theory holds that there are two states of memory: a recall
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memory that is responsible for the production of movement and a

recognition memory that is responsible for response evaluation. For

rapid, ballistic movements, recall memory is involved with the motor

programs and parameters which are structured in advance to carry out the

movement with minimal involvement from peripheral feedback. Recognition

memory is a sensory system capable of evaluating the response-produced

feedback after the rapid movement is completed and informs about the

amount and direction of any errors in responding. Recall memory has no

important role in slow movements. Here, the focus is on comparison of

the response-produced feedback with the recognition memory during
movement execution. Response execution is stopped when the response-

produced feedback and the recognition memory information match.

The concept of the generalized motor program is at the heart of

schema theory. The generalized motor program is an abstract code in

memory and thought to be concerned with ordering, phasing and relative

force of muscle contractions and relaxations. In order to specify the

particular way that a certain program is to be executed, parameters are

required, such as overall-duration, overall-force and a muscle-

selection. When these parameter values have been chosen, the movement

can be carried out by the program as specified. After a movement has

been produced with a generalized motor program, four aspects are stored:

initial conditions that existed before the movement, the parameter

values that were assigned to the generalized motor program, the outcome

of the movement in the environment in terms of knowledge of results and,

finally, the sensory consequences of the movement. These four sources of

information are not stored permanently, but long enough to abstract some

relationships, or schemata: a recall and a recognition schema. The

schema, then, is a rule that, when applied, yields the ability to

reconstruct the parameter values for a certain movement outcome (recall

- 6 -



schema) or certain sensory information (recognition schema) given a

certain initial condition.
Schmidt's schema theory of motor learning encompasses both closed-

loop as well as open-loop concepts of motor control. His theory reflects

the principal attitude i~ present thinking on motor control in which an

integrative approach has replaced the traditional dichotomous thinking

of open-loop and closed-loop protagonists (Adams 1987). I now turn to a

more extensive discussion of the motor program concept.

1.2. The Motor Program concept
One of the main sources of evidence for motor programs is that a skilled

movement is often still possible when feedback is disrupted (Lashley

1917; Taub and Berman 1968). The motor program, Keele (1968) wrote, is "

a set of movement instructions that are structured before a movement

begins, and that allows the entire sequence to be carried out

uninfluenced by peripheral feedback" (p. 387). More recently Schmidt

(1982) proposed a modified definition of motor program, one that is in

keeping with the literature on feedback process. yet retains the

essential feature of the open-loop concept. He defined the motor program
as "an abstract representation of action that when activated produces

a movement without regard to sensory information indicating errors in

selection. Once the program has been initiated. the pattern of action is

carried out for at least one reaction time (RT) even when the environ-

mental information indicates that an error in selection has been made.

Yet. during the program's execution, countless corrections for minor

errors can be executed that serve to ensure that the movement is carried

out faithfully" (p. 299). With this broader conception of motor programs

Schmidt (1982) allows for the possibility of different courses of action

depending on demands of actual performance. This type of control is
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exemplified by the study of Forrsberg, Grillner and Rossignol (1975).
These investigators applied a tactile stimulus to the paw of a cat
walking on a treadmill. When the stimulus was applied at the start of
the swing phase of gait, the cat flexed its leg more than usual. When
the same stimulus was applied during the stance phase, the cat extended
its leg more than usual. Thus, the same stimulus had dramatically
different effects on the movement depending on when it was applied.

1.3. Motor programming ~ viewed ~ impulse-variability models.
In order to explain speed-accuracy relations of fast movements,

Schmidt et al. (1979) developed the impulse-variability model. In this
model it is assume~ that open-loop controlled movements are governed by
motor programs consisting of impulses of which the following three
features are programmed: onset, duration and amplitude of the impulse.
By choosing proper values of these features and inserting them into the
generalized motor program (see § 1.1), a particular movement reaches its
endpoint. Inaccuracies in execution are caused by variations in impulse
duration and impulse amplitude. Based on the principles of the impulse-
variability or impulse-timing Model, Schmidt et al. (1979) have argued
that spatial variability is linearly related to average movement speed:
We = a + b (O/MT). In this equation a and b are empirical constants, We
represents the effective target width, -the within-subject variability
of the movement endpoints about the subject's own mean or the Variable
error (VE)- whereas 0 and MT stand for movement distance and movement
time, respectively. Schmidt et al. (1979) proposed the impulse-
variability model to account for the linear relation between movement

speed and movement accuracy of short -less than 300 ms- programmed
movements in single-aiming tasks. In single- aiming, the aimed
movement must arrive at the target in a prescribed time. It provided
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evidence with respect to the trade-off during the initial-impulse phase
of a movement (c.r. Woodworth 1899). Moreover, it supplemented the

traditional 10glinear relation between speed and accuracy for tapping

and aiming movements: MT = a + b log 2 (2D/W) (Fitts 1954; Fitts and

Peterson 1964). This 10glinear relation is usually explained by

feedback-based corrections (e.g. Keele 1981) which are executed during

the phase of homing-in on the target, the current-control phase (c.r.

Woodworth 1899).
Notwithstanding empirical evidence in favor of the model, it has

run into serious problems as Schmidt, Sherwood, Ze1aznik and Leikind

(1985) have admitted. In addition to the limited applicability to

reversal movements (Schmidt and McGown 1980), the mathematical modelling

procedures have been criticized by Meyer, Smith and Wright (1982). They

pOinted out that the predictions derived by Schmidt et a1. have a

logical flaw. A correct derivation would lead to the prediction that for

single-aiming movements We is only proportional to D and not to D/MT,

thus l~ewould be unrelated to MT. Meyer et al. (1982), therefore,

proposed a symmetric impulse-variability model that not only explained

the linear, but also the 10glinear relation between movement speed and

movement accuracy (e.g. Fitts 1954). However, this model has also its

problems (see Schmidt et al. 1985). A discussion of the present state
of the models based on impulse-variability principles to explain speed-

accuracy relations in different movements tasks, led Schmidt et al.

(1985) to conclude that "the impulse-variability models can be shown

be rather seriously lacking" although, they have provided

to

" a

plausible alternative hypothesis to the earlier position that speed-

accuracy relationships were determined mainly by feedback processes" (p.

117).

In addition to experimental work on motor programming related to
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the speed-accuracy aspect of aimed movements, many more aspects of
movement execution have been investigated in a variety of tasks. From
these studies the motor program has emerged as a valuable concept in the
understanding of motor control (see Schmidt 1982). I will now turn to
studies which investigated the motor program by examining the phase that
precedes movement execution.

1.4. Motor programming as indexed Ql reaction time.
The study of the relationship between movement parameters and

reaction time,- the time preceding the onset of the movement- can be
traced back to Woodworth (1938). The view that motor-task demands
influence RT coa1es.ced in Henry and Rogers' (1960) "memory-drum" theory.
The basic proposition of this theory is that the time to initiate a
movement varies directly with the complexity of the movement: more
complex movements produce a longer RT to initiate the movement.
Complexity was defined as number of connected parts within a movement
(Henry 1980). A program would consist of a neuromotor plan placed in
motor-memory storage. A more complicated program would require greater
involvement of neuromotor coordination centers, more extensive use of
previously stored neuromotor patterns. and increased time for the more
complicated pattern of circulation of neural impulses through the
coordination centers. Therefore. initiation time of complex movements
is prolonged. At the time Henry and Rogers presented their memory-drum
theory, the view was favoured that the processes involved in the
execution of a movement were independent of those involved in the
selection of that movement (Brown and Slater-Hammel 1949; Fitts and
Peterson 1964). For this reason the memory-drum theory and inherent RT
methodology had not the impact it deserved.

More than a decennium later the interest in the RT approach of
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motor programming was revived (e.g. Klapp 1977). However, before

describing the motor programming concept as evolved from recent RT

research, some methodological aspects of the RT approach will be

discussed.

2. Methodological considerations of the RT approach
2.1. Preprogramming

Recently, numerous studies have reported changes in RT contingent

upon motor-task demands, and this indeed is the current finding,

although it is by no means always consistent (Kerr 1978). Motor
programming is then assumed to be the working agent. If one accepts

programming as being a constructive and time-consuming process the

duration of which varies concomitantly with motor-task demands, then

preprogramming seems a logical answer to problems which arise when

rather complex programs must be constructed. Preprogramming is the

presetting of all relevant parameters possible before the imperative

signal is presented informing the individual about the lacking motor

demands of that particular response. For example, when one is confronted

with a two-choice situation in which the right hand has to move to the
right or the left side of a starting point, the motor processes

associated with the aspect 'right hand' may already be prepared before
the imperative signal appears.

2.2. The simple versus choice RT task issue.

Because of this preprogramming feature of motor programming Klapp

(1977) suggested always to use a simple RT procedure as a control on

programming. His argument runs as follows. If an effect of a movement

variable is observed in a choice situation, it is not certain whether

this represents a central programming or a more peripheral biomechanical
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difference between both movement alternatives. When comparing the same
movement alternatives each performed under a simple (no-choice) RT
condition, one should observe no difference between both alternatives if
motor programming alone is responsible for the RT differences under
choice conditions, whereas when a difference is observed, this relates
to non-programming factors. An important assumption for this technique
is that subjects are properly motivated to prepare the response as much
as possible in advance.

Although Klapp's (1977) methodological arguments did strongly
improve and stimulate the reaction time approach of studying effects of
motor-task demands and underlying motor programming processes, his line
of reasoning has been criticized. Sternberg et al. (1978), for example,
point to the fact that factors, such as stimulus-response (S-R)
compatibility and response-response compatibility may influence the
latency of a specified response in choice RT paradigm, but not in a
simple one (see Anzola, Bertoloni, Buchtel and Rizzolatti 1977 for S-R
compatibility effects in choice and simple paradigms). Considerations
like these show that the effect of response factors cannot be assigned
conclusively to response processes without suitable control experiments.
In addition, the implicit assumption is that the simple RT is "simple"
in the sense that it equals the choice RT, except for some elements
which are specific properties of the choice reaction time. This
assumption goes back to Donders' stage deletion philosophy (Donders
1868/1969) which is strongly debated. Thus, a comparison between simple
and choice conditions means a considerable improvement, but is not the
end of the methodological issue. The potential of the simple RT
procedure for motor program research is discussed next.

By employing a simple RT paradigm and taking care of the element-
invariance requirement, Sternberg et a1. (1978;'1980) showed for speech
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that (a) increasing the length of a sequence of to be pronounced words
increased the RT with a fixed amount of time per element and (b)
increasing the number of syllables per word did add an approximately
constant increment to the latency for lists of each length. Based on
these results, Sternberg et al. (1978) proposed a two-stage movement
sequence preparation model consisting of a retrieval stage influenced by
the number of response units being the stress group in speech and the
single keystroke in typing, followed by an unpacking stage influenced by
the number of constituents of a response unit being syllables per word
and unstressed elements in speech and the successive keystrokes in
typing. For explaining the data of his typing experiment he extended the
two-stage model with a third stage, a command stage during which the
sequence of commands is issued that cause execution of the constituents
of the response unit.

It should be noted that in the sequence preparation model of
Sternberg et al. (1978) it is assumed that the construction and any
necessary activation of the program as a whole are accomplished before
presentation of the signal. This means that in fact the movements are
preprogrammed and, according to Sternberg, are stored in subprograms.

The description of Sternberg's study on rapid movement sequences
with a simple RT paradigm, makes clear that RT studies of motor
programming are not limited to choice-reactions. Furthermore, it implies
a caveat to interpretat ions of differences between motor task.demands in
simple RT experiments in terms of non-programming factors as suggested
by Klapp (1977). In fact it extends the concept of motor programming to
processes other than the construction of motor programs. such as
processes concerned with motor memory. Motor program construction is a
central issue of the precue-technigue, a RT methodology which the last
few years has received much attention in motor research.
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2.3. The precue-technigue.

The movement precuing technique was introduced in the area of

motor research by Rosenbaum (1980). The technique is similar to the

partial advance information procedure developed by Leonard (1958; see

also Hendrikx 1986). Its main distinguishing feature is that it has been

elaborated to allow addressing detailed questions on motor preparation

by supplying advance information about response variables rather than

about the number of responses. The main idea in the technique is to

supply the subject with partial information about the defining

characteristics of a motor response. It is assumed that subjects make

use of the precue by specifying in advance all of the precued values. As

a consequence of the advance-preparation assumption, it is assumed that

those values that have been specified in advance will have no need of

specification when the reaction signal is presented. An extensive review

of the precue-technique and its application in motor research can be

found in Rosenbaum (1983).

A number of criticisms has been raised against the application of

the technique. The first one concerns the validity of the precues. The

issue is that required movements do not always have the features that

precues say they will. A 'language' problem which applies to movement

variables in general (Kerr 1978). A second point is related to the

aspect of the number of uncertain movement values. The more precued

information is presented, the more the number of uncertain movement

values is reduced. Consequently, the number of possible stimulus-

response alternatives also decreases; a task variable known to affect

response-selection processes (e.g. Sanders 1980b). In order to avoid

this confounding effect Zelaznik, Shapiro and Carter (1982) have

proposed an improvement to the movement precue technique. They propose

to select an invariant number of S-R pairs an~to vary the possible
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responses in blocks of trials for investigating the effects of the

number of uncertain movement values. Although with their method the

number of possible responses (and corresponding signals) is kept

constant, a disadvantage of the method may be that subjects adopt

special strategies as a consequence of the blocked presentation, such as

a strategy of multiple preparation.
A third methodological issue concerns the stimulus-response

compatibility debate (Goodman and Kelso 1980; Larish 1986; see Rosenbaum

1983 for a full discussion). In short, Goodman and Kelso (1980)

criticized Rosenbaum's (1980) findings and argued that his precuing
effects were due to stimulus-response translation processes resulting

from the indirect S-R mapping used in Rosenbaum's experiment. Although
Larish (1986) could not replicate Goodman and Kelso's (1980) critical

findings of equivalent mean RTs regardless of the types of values to be
specified in his direct $-R mapping condition, his indirect mapping

condition showed the importance of stimulus-response translation

processes in the results of Rosenbaum (1980).
A last procedural point concerning the precue-method should not be

overlooked: the time course of precuing. Variations in the length of the
precuing interval have important consequences for several theoretical

positions, not only in the domain of short term memory Hendrikx

1986), but also in the motor domain (Miller 1982; Reeve and Proctor

1984; Heuer 1986). Thus, Miller (1982) examined choice RT performance in

a situation where subjects were precued which hand or finger was to be

used in the forthcoming response. He showed that mean RT decreased when

the precue interval was increased from zero up to 500 ms. In addition,

Miller (1982) found that only precuing of the hand was advantageous and

provided strong support for the view that the specification of hand

precedes the specification of finger. By prolonging the precue interval
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up to 3000 ms, Reeve and Proctor (1984) demonstrated that the 'same hand
advantage' of Miller (1982) disappeared and that all combinations of
responses can be equally well prepared indicating that response
specification is a variable-order process. In his study of intermanual
interactions during motor programming, Heuer (1986a) investigated the
homologous coupling of the hands with respect to fingers. This means
that a tendency exists to move ho~ologous fingers of both hands. Heuer
(1986a) showed that homologous coupling was a transient effect in that
the advantage for the homologous finger diminished with increasing
precuing interval; the effect being nil at the 800 ms interval.

Besides a considerable amount of research on the mechanisms
underlying the p~eparation of movements, the precueing technique has
provided insight into the constructional processes of motor
programming. One principle is that movement selection seems to entail a
serial decision process about the parameter values that forthcoming
movements should have. The second major prinCiple is that the parameter
values defining a forthcoming movement can be specified in a variable
order. A behavioral advantage of a variable-order specification system
is clear: in this way the specification of certain values can benefit
from sharing values with previous movements. One exception to the
variable-order specification has been reported several times. This
concerns the variable "movement direction" which appears to be always
specified before movement extent (see Rosenbaum 1983).

2.4. The additive factor logic
Since its introduction (Sternberg 1969) the Additive Factor Method

(AFM) has proved to be a stimulating and fertile research methodology
for investigating cognitive processes in choice reaction time (Sanders
1980b). Although its assumptions have much been debated (Pieters 1985,
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Taylor 1976: McClelland 1979), the AFM still is accepted as a useful

research tool for analysing human information processing if applied

critically and if one is aware of its limited scope (e.g. Sanders 1983).

Moreover, as a first constructive approach and idea generating vehicle

in the motor field its basics were adopted in the precue-technique; a

technique that meant a motivating impetus for the programming view of

motor behavior (see the previous paragraph).
The basic logic of the AFM is well known. If two variables have a

main effect on RT, while their effects do not interact, two different

processing stages are likely to be involved. Alternatively, if the
effects interact, the variables are likely to affect at least one common

processing stage. The rationale in the former case is that the effect of

the one variable does not appear to depend on the state of the other.

whereas in the latter case it does. During the twenty years since its

introduction, the AFM has not only been applied in basic research of

human performance (e.g. Sanders 1980b), but also in a large and

diversified area of applied research, such as in pharmacological studies

(e.g. Frowein 1981), clinical studies (e.a. Jolles 1985; Brand 1987).
gerontological studies (Salthouse 1982), studies on hyperactive children

(e.g. Sergeant 1981; Spijkers and Curfs 1986). Recently, it has also

been compared to resource models (Gopher and Sand~rs 1984). In the

motor field the AFM approach is not so widely used (e.g. Sternberg et

al. 1978; Van Galen and Teulings 1983; this thesis). However. as has

been described in a previous section, the precuing-te~hnique closely
resembles the AFM approach, though it ~s concerned with the processes

within a stage (e.g Rosenbaum 1983).
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3. The present study
Central issue of this study concerned a further elaboration of the

linear stage model on the stages involved in constructing and preparing
of a response. Several steps, in the wrong and in the right direction,
were made before arriving at the present stage of model development. At
the start of the research for this thesis only a few congress
proceedings had appeared. Knowledge was scattered and theoretical views
were lacking. One exception concerned the field of motor learning where
the motor learning theories of Adams and Schmidt had their open- versus
closed-loop debate.

Making inferences from reaction time patterns to abstract
underlying processes is only possible when one important premisse has
been fullfilled: there should be a consistent and measurable effect of a
particular variable on reaction time. Unfortunately, the reaction time
research in motor behavior had failed to show such consistent effects
(e.g. Kerr 1978). For some part this was related to insufficient
attention to a phenomenon such as preprogramming (e.g. Klapp 1977), for
another part to the fact that Fitts' Law still dominated the field,
thereby influencing, and at the same time limiting, the choice of
movement variables.

In search of a consistent and in effect-size significant variable,
the studies of Klapp and Erwin (1976) and of Falkenberg and Newell
(1980) showed reliable and large effects of different movement
durations. These findings were in line with the generalized motor
program concept of Schmidt, in which overall duration was one of the
parameters which had to be specified in the generalized motor program
of the movement. Because both studies employed only the choice reaction
time paradigm, it was necessary to prove to what extent the effect was
related to programming and to non-programming factors (Klapp 1977). This
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was the main objective of the study reported in chapter 5. In the second

experiment of this study the movement precuing technique was applied to

present information in advance about either the movement duration,

direction, both duration and direction, or no advance information at

a11. The data of thi s study confi rmed previ ous results, in that

movements of short duration had a shorter RT than movements of long

duration in conditions where the imperative signal indicated the

movement duration. The more important result was that by precuing the

duration this RT difference disappeared indicating that subjects

effectively preprogrammed this movement aspect. Furthermore, it suggests
that the effect of movement duration is not related to non-programming

factors.

Because movement distance was kept constant throughout the

experiments of this thesis, -with the exception of the study reported in

chapter 10 -, the average velocity of the movement varied concomitantly

with the manipulation of the variable movement duration. Here, as well

as in the studies described in chapters 6 through 10, the term average

velocity is used instead of movement duration, because average velocity
was suggested to be the key-parameter in motor programming rather than

its constituting elements movement distance and movement duration ( e.g.

Falkenberg and Newell 1980). However, the effect of the latter movement

variables should also not be neglected (see chapter 10).

Rephrased in terms of average vel oc ity, the observet ions from

chapter 5 read that (1) in aiming tasks where average velocity (AV) is a

choice element, the RT of a slow movement is longer than that of a fast

movement and (2) no difference in RT is found when subjects are

preinformed about the average velocity. These results will recur

throughout most of the experiments performed in the frame of this

thesis. The finding that the RT of a fast movement is shorter than that
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of a slow movement (c.r. observation 1. above) is referred to as the
Velocity effect * in chapters 6 to 9 and the effect of paired
velocities on RT in chapter 10.

Having assessed that the effect of average velocity on RT
disappears when this aspect is precued, does not automatically imply
that its effect in choice reaction tasks is solely due to motor
programming. Other processes in the information processing chain may
also be completely or partially responsible for the observed change in
reaction time (see § 3.4). At this point a short, but important detour
will be taken in order to elucidate the basic research principles
generally followed in the present work. This is preceded by a general
description of the movement task employed in the experiments.

3.1. The aimed sliding movement task.
Basically, the subjects in all experiments moved a hand-held pencil

from a starting point to a spatially defined target that was located in
the same plane as the starting point. Because the duration of the
movement was instructed it is similar to the single-aiming task (e.g.
Schmidt et a1. 1985). Number of targets. position and size of the
targets. and the type of visual warning and imperative signals differed
among the experiments (for details, see the chapters in question).
Through the instruction that the pencil should make continuous contact
with the surface of the response-board, sliding movements were obtained
similar to the line-drawing movements which were used by Woodworth
(1899). Two advantages of sliding movements over the traditional Fitts'
aiming movement through the air can be mentioned. Firstly. termination
* The phenomenon that the variable error of timing.- i.e. variable
error in produced movement time- diminishes as movement velocity
increases. is also called 'velocity effect' (Newell et al. 1979; 1980;
Schmidt et al. 1985). However, to remain consistent with the terminology
of the experimental papers. the term velocity effect will be used here
to denote the effect with respect to RT.
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of the movement is not confounded by the so-called target impact (e.g.

Meyer et al. 1982) and, secondly, the movement is carried out in a two-

dimensional space which reduces the number of degrees of freedom of the

movement.

3.2 The basic method.
In the present study the reaction paradigm is applied to the

execution of aimed movements of which the average velocity was

instructed. The additive factor method has been used as one of the

available research tools (see § 2.4 for a more detailed description). It
has mainly been applied with regard to the assessment of motor

programming as a separate processing stage and to delineate this stage

functionally and structurally from other ones (see chapters 7, 8 and 9).

3.3. The Motor Programming stage.
In several models of human information processing motor programming is

mentioned as a necessary link between information intake and the

outputting of a response (e.g. Sanders 1980b; Frowein 1981; Theios

1977). However, the empirical evidence for motor programming as a

processing stage distinct from other stages involved in response

preparation, such as response-selection and motor adjustment, was rather

weak. For example, Frowein's (1981) dissertation mentioned at that time

unpublished results of this thesis (chapter 5) in order to supply the

motor programming stage of his model with additional support. The

absence of a structural and functional demarcating of motor programming

its roots in the v;::trinllC::: rioC:"'Y";nf-;nnc:::._- ._-- ----. °r-'-"-

fact that at first no experimental efforts were undertaken in this

di rection.
Motor programming is not an unequivocally defined concept. It has
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been conceived of as a set of transformations necessary to translate the
selected response code into a format suitable to control movements
(Klapp et al 1981), or as a two-stage process, one of which computes
motor control parameters, while the other one translates these parameter
values into a format appropriate for force production (Kerr 1978), or
as the selection and specification of values on defining dimensions of a
movement (Rosenbaum 1980), or the retrieving of an abstract code from
motor memory (Van Galen, Smyth, Meulenbroek and Haaikema 1987). From
these decriptions it may have become clear that motor programming
sometimes includes a response-selection characteristiC, in other cases
it is restricted to the translation of the selected response code.

Because the assignment of effects of task variables to certain
processing stages cannot take place on the basis of a direct and
straightforward procedure, I will organize the results of the present
study according to two lines. Firstly, the data are presented which show
that the motor programming stage is distinct from response-selection and
motor adjustment. Next the results which uncover some properties of the
motor programming stage are discussed on the basis of the patterns of
interactions between the effects of the movement variable average
velocity and other task related factors.

3.4. Programming of average velocity and the effects
of other task variables

3.4.1. Motor programming and response selection. The debate whether
the observed RT patterns arising from the variation of certain movement
variables reflected motor programming or response selection, intensified
at the time Rosenbaum (1980) published his results obtained with the
movement precuing technique (see § 2.3).

As stated earlier a consistent finding regarding the effect of
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average movement velocity on reaction time has been that the time for

initiating a slow movement is longer than the time for a fast movement

(Falkenberg and Newell 1980; Klapp and Erwin 1976; chapters 5 to 10).
This effect has been attributed to a more time consuming process to

program slow movements rather than fast movements (e.g. Klapp 1977;
Quinn et al. 1980). The question then arises whether the effect of

average velocity reflects a programming effect or emerges from a change

in processing duration of another or of an additional information

processing stage. Thus, the RT of a fast movement may be shorter because

this response code is at the top of a short-term serially scanned memory
buffer (Theios 1977) or because the translation rule governing the

selection of fast movements is more easily accessed than the rule for

slow movements (Duncan 1977). This would mean that the response
selection stage rather than a motor programming stage is affected by AV.

A mixed origin may be imaginable as well, in the sense that one part of

the effect is evoked by response selection and another part by motor

programming. Contributions of other processing stages to the effect of

AV, like signal encoding or motor adjustmen~ are also possible. However,

on the basis of the evidence presented in chapter 7 with regard to

signal encoding and the ~esults of several experiments with regard to

motor adjustment which are discussed in the next ~ection, this seems

quite unlikely. The neurophysiological explanation that the recruitment

pattern of motor units for slow movements is the basis for the

difference in RT of fast and slow movements, is equallY4unlikely. The

control conditions on non-programming effects consistently show that the
RT-velocity effect disappeared when the subjects were preinformed about

the required AV (Chapters 5, 7, and 8). However, the study of Haagh,

Spijkers, van den Boqaar t and Van Boxtel (1987) suggested that

neurophysiological aspects should not be overlooked when effects uf
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movement_variables are interpreted.
The most direct way to bear upon the ambiguity in relating the

effects of AVon RT to a certain processing stage, is to vary the
variable AV together with a variable of which it is 'known' that it
affects the stage that is supposed to be involved. The question whether
AV taps response selection was addressed by varying S-R compatibility in
combination with AV. Several experiments have been conducted that bear
upon this question (Chapters 6, 7 and 9). In the experiments of chapters
6 and 9, the spatial relation between the location of the stimulus and
the direction to move to was manipulated, whereas in the study of
chapter 7 the conceptual relation between the imperative stimulus and
the required durati?n (i.c. AV) of the movement was varied. In chapter
7 the presumed effect of AVon response selection was directly
addressed, whereas the spatial compatibility studies were meant as a
further substantiation of this question.

In the study of chapter 7 an aiming movement task is employed in
which the right hand performed the lateral sliding movement to a target
at the right of the starting point. The Dutch equivalents of the words
for "short" and "long" were used as signals indicating the movement
duration of 100 and 400 ms movements, respectively. By imposing a long
duration movement (i.c. low AV) when the stimulus in question denoted a
short duration (i.c. high AV) and vice versa, the compatibility of the
relation between the meaning of the signal and required average velocity
was varied. It was found that the effects of conceptual S-R
compatibility were additive to those of AV which suggests that response
selection and motor programming are independent stages in the
preparation for a movement. Hence, it is argued that the response-code
that is selected on the basis of the stimulus code is abstract to the
particular features of the movement. These movement features are
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supplied with the required values in the motor programming stage. This

reasoning is further supported by the additivity of the effects of

spatial S-R compatibility and average velocity which was found in

chapters 6 and 9.

3.4.2. Motor programming and motor adjustment. The next question is

whether the effect of AV is related to changes in motor-readiness. It is

possible that subjects generally preset the activation level of the

relevant muscles to a level which is adequate for fast movements, but

need additional inhibitory commands in the case of slow movements. The
initiation of slow movements is therefore delayed in choice, but not in

simple procedures, because in that case the presetting is attuned to one

single movement velocity. will use the term motor-readiness for

changes in general and specific motor activation which can be preset in

advance of the imperative signal. According to Sanders' model (1980b,

1983) the motor adjustment stage is related to the type of processes

that affect the motor readiness to respond. These preparatory processes

are assumed to be presettable by short-term (phasic) or long-term

(tonic) intensive motor preparation and include straining the muscles

(Sanders, 1980a), but also more general processes determining the

distance to what Naatanen and Merisalo (1977) have. called the "motor

action limit".
It is well-known that the length of the foreperiod, that is the

interval elapsing between the warning signal and the imperative signal,

affects the extent in which the subjec~ prepares the response to the

imperative signal. When, in case of blocked foreperiods this interval is

long, then RT is prolonged in compar ison to short intervals (e.g.

Klemmer, 1956).
In none of the experiments in which the foreperiod duration was
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varied together with AV, an interaction has been found between the
effects of both variables (Chapters 5, 6, 7 and 9). Thus, it seems fair
to conclude that the effect of average velocity on RT is not related to
processes assumed to be acting in the motor adjustment stage. This
suggests that, by modulating the state of motor-readiness the motor
adjustment stage determines the speed at which results of the
programming process can be implemented by the motor system.

In three experiments the task factor 'response-specificity' has
been investigated in an aimed movement task in which the AV of the
movement alternatives was also manipulated (Chapters 8 and 9). The aim
of these experiments was to check Sanders' suggestion (1980b) that the
effect of response-spec t f tc t ty is related to the motor programming
stage. Response-specificity was manipulated by varying the angle of
direction between the aiming movements: a small angle represented the
aspecific condition and a large angle the specific movement condition.
Sanders' interpretation of the effect of response-specificity which he
found with vocal responses (1970) could not be confirmed: the effects of
response-specificity and AV were additive. By showing that effects of
response-specificity interacted with effects of foreperiod duration
(Chapter 9; Exp. 1) the interpretation of the effect of response-
specificity,
to specific
adjustment

as stated in chapter 8, was confirmed that it was related
activation changes of the muscular system i.e. the motor

stage. The interaction between the effects of foreperiod
duration and angle of direction of two aiming movements which was found
by Semjen, Requin and Fiori (1978), corroborates this view. At the same
time this finding confirms the motor presetting feature of the motor
adjustment stage as suggested by Frowein (1981).
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3.4.3. Motor programming and Program loading.
Several authors have suggested a two-stage model to describe

response programming which follow response selection in choice reaction
processes (Meyer. Yantis. Osman. & Smith 1984; Sternberg. Monse11.
Knoll. & Wright 1978).

According to these models the motor programming stage is followed
by a program loading stage (Meyer et a1. 1984) or unpacking stage
(Sternberg et a1. 1978). These stages are conceived as a temporary
buffer which contains the necessary motor commands needed to execute a
response. These commands are generated by the motor programming stage.
Once a motor program is loaded it is difficult to prevent immediate
execution. Hence. a strategy of loading in advance may result in many
anticipatory reactions (e.g. Meyer et a1. 1984). Furthermore. program
loading appears to be related to specific activation of the mechanisms
involved in response execution. because changing the general activation
by varying the foreperiod duration does not lead to differential effects
U~eyer et a1. 1984; Sternberg et al. 1980).

As conceptualized by Meyer et a1. (1984) the program loading stage
seems to imply similar changes in activation of the motor system as the
variable response-specificity is supposed to bring about (Chapter 9).
However. the results of the first experiment of chapter 9 is not
compatible with their conceptualisation. It revealed an interaction
between the effects of foreperiod duration and those of. response-
specificity. while Meyer et al. (1984) would predict an additive effect.
A possible reconciliation of this discrepancy can be obtained by
restricting the program loading concept of Meyer et al. (1984) to its
structural components and refrain it from its muscular activation
components. This would bring his program loading concept in line with
the one adopted here and still be consistent with their results. The
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program loading stage that is conceived here, will be described next.
In the study of chapter 6 a two-stage programming model is

proposed that consists of a motor programming and a program loading
sta~e. The program loading stage was added to the motor programming
stage to explain the difference between the RTs of spatially accurate
and inaccurate movements of which the average velocity was
preprogrammed. In the two-stage programming model it is assumed that
motor programming is concerned with the specification of motor control
parameters such as movement velocity and direction. The program loading
stage translates these specifications into a format appropriate to the
muscular system. It is further assumed that specification of parameters
can be preprogrammed whereas program loading mostly occurs during the
RT-interval. This may seem impractical but it avoids several
disadvantages. First, it prevents reloading the program if an error has
been detected in the program. Secondly, it prevents premature
responding, because once a program has been loaded it is on the verge of
being executed. A third reason why loading is not performed in advance
is related to the fact that in most situations the imperative signal
specifies the lacking elements of the ensuing movement which usually
precludes efficient preloading. The inability to preload may seem
inefficient at first, but it provides greater versatility, since the
same program can be adopted when loading different muscular systems. The
many anticipatory reactions which were found by Meyer et al. (1984)
point to the disadvantage of preloading the program.

The empirical basis for distinguishing a program loading stage in
response preparation is not firm. Loading time seems to depend on the
temporal and spatial accuracy demands of the response (Chapter 6). This
implies that it logically should be a function of the complexity of the
spatiotemporal muscular pattern required for proper response execution.
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The effect of adding spatial constraints to timed movements on RT was
investigated in chapter 10 (Exp. 1). In this experiment rapid-timing was
compared with single-aiming with respect to the effect of AVon RT. In
rapid-timing subjects have basically no demands on spatial accuracy.
Their only instruction is to pass a target at a certain instructed time.
In single-aiming, at the other hand, they have to stop at the target.
The spatial accuracy requirement increased the RT with 14 ms, albeit not
significant. In chapter 10 the absence of a significant effect on RT is
explained on the basis of different generalized programs for rapid-
timing and single-aiming. However, it may be that the non-significant
increment of the RT reflects'the increase of the duration of the program
loading stage due to the more complex .process of implementation of the
programmed motor commands in single-aiming.

With respect to the relation between the stages "program loading"
and "motor adjustment" several studies suggest a structural difference.
In chapter 5 (Exp. 1) additive effects were found of foreperiod duration
and spatial accuracy. Conceiving spatial accuracy effects as related to
varying program loading demands, this finding suggests that program
loading and motor adjustment are separate stages. The study of Sternberg
et al. (1980) and Meyer et al. (1984) may also be considered as support
for this distinction. Sternberg et al. (1980) found that the effects of
foreperiod duration were additive to those of number of words in a
sequence to be pronounced. A sequence-preparation hypothesis was
formulated by Sternberg et al. (1978) in which an 'unpacking' stage was
included to account for the effect of number of syllables on RT
independent of number of ",nY'rfc +n nrnnntinro....... -- -- ,...' ........ _ .._-. The finding th~t number of
stress-groups affected the unpacking time suggests that this stage
closely resembles the program loading stage.

In summary, the evidence for the program loading stage as a
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necessary link between the motor programming and the motor adjustment
stage is still incomplete. Although the concept post-hoc offers
attractive explanations for some findings, a more definitive position as
processing stage awaits further research.

3.4.4 The two-stage model compared with the three-stage
motor model in handwriting

Van Galen and Teulings (1983) have formulated a three-stage motor
model in handwriting: Motor programming, parameter setting and motor
initiation. In their model, motor programming is the retrieval of an
abstract motor program from long term motor memory. In the subsequent
parameter setting stage this abstract motor program is made more
feasible for real time execution by substituting dummy parameters of the
program for actual values such as size, accuracy and writing speed of
the letters. In the last motor initiation stage the program and its
parameters are 'unpacked' (e.g. Sternberg et al. 1980): recruitment of
the proper number of motor units and their locations dependent upon the
actual anatomical and physical context of movement execution. This last
phase should be sensitive to factors such as the muscle group to start
with, instructed muscle tension and accessory stimuli and perhaps also
foreperiod duration. The mutual relations between the effects of muscle
group to start the writing task, size of writing and the stroke sequence
provided the basis for their three-stage model.

Comparison of the three-stage with the two-stage model as proposed
here suggests several similarities. "Motor programming" as conceived by
proponents of the two-stage model (Kerr, 1978; Meyer et al. 1984; this
thesis) corresponds to the "parameter setting" stage of the three-stage
handwriting model. At first sight "program loading" and "motor
initiation" appear to be interchangab1e concepts, especially because
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the 'unpacking' or translation to 'muscular language' aspect is

emphasized in both models. According to the description of the motor
initiation stage, response specificity would affect this stage. However,

the findings of chapter 9 indicate that response specificity acts upon

motor-adjustment suggestjng that motor initiation and program loading

are not alike. One plausible way to resolve this problem is to equate

motor initiation with motor adjustment instead of program loading.

However, some caution is required because of the small amount of data on

which such a conclusion is based and consequently, the impending danger

of additivity by coincidence.

3.5. Movement task variables affecting the motor programming stage

Until now the discussion concerned variables, the effects of which were

additive to the effect of average velocity. This approach was chosen in

order to demonstrate that a motor programming stage could be

distinguished from other processing stages. In this paragraph the

discussion is focussed at the findings of this thesis which throw- some

light on the nature of the processes of the motor programming stage

itse If.
When it is assumed that motor programming is concerned with the

specification of the parameters which control the eQsuing movement, then
the language problem arises. As Kerr (1978) wrote: "The task-defined

parameters (distance, direction, duration, etc.) that we identify as

important may be very different from the internal val~es that truly

affect the motor control system: the parameters we define may not be

considered singly, as we would like to think" ( p. 66).
In her overview of task factors that influence preparation time of

movements Kerr (1978) concluded that the complexity of timing

requirements, as opposed to physical dimensions (e.g. distance), may
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dictate the length of movement selection and preparation processes. In
this respect Kerr referred mainly to the experiments of Klapp c.s.
(Klapp 1977; Klapp and Erwin 1976; Klapp, Wyatt and Lingo, 1974) in
which response duration was the crucial movement variable. The findings
of Falkenberg and Newell (1980) suggested that average velocity rather
than movement duration should be considered as the key parameter in
motor control. In the same vein, the impulse-variability models state
that average velocity is the major determinant of spatial accuracy
(Schmidt et al. 1985; Meyer et al. 1982). The central role of the
variable average velocity in this thesis is therefore not a cOincidence.

Next to average velocity, movement direction has been varied in two
studies (Chapter ? and 8). In the study reported in chapter 5 an
underadditive interaction was obtained between duration uncertainty and
direction uncertainty which indicated that parameters duration (i.e.
average velocity) and direction are specified in parallel. A type of
organization that also has been found for movement direction and
movement force (Zelaznik 1981) and key-press duration and response
finger (Klapp 1977). The nature of the parallel processing of velocity
and direction was further revealed in chapter 8. By varying the
uncertainty of both variables from low (p=.8) to high (p=.2) an
interdependence was shown between the programming of these variables. It
appeared that the degree of preprogramming velocity was small at high
uncertainty regarding the velocity parameter, whereas the reverse was
observed for preprogramming of direction. This suggested that
programming direction is less demanding than programming velocity.
Furthermore, it was found that the programming of direction was dominant
at high uncertainty regarding movement direction, while the programming
of velocity was dominant at low direction uncertainty.

From the findings of chapter 8 it became clear that adjusting the
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value of direction parameters to a less expected alternative is less

time-consuming and appears to be relatively simple. This may reflect
that changes in direction are quite common in daily activities resulting

in a flexible way of controlling the direction parameter. The absence of

a main effect of movemeQt direction on reaction time in both studies

also indicates that for left and right movements it is rather

indifferent which function the involved muscles have whether being

agonistic or antagonistic.
Preprogramming is generally conceived of as the active presetting

of values on motor control parameters. In this respect preprogramming
can be regarded as active attentional control (e.g. Posner and Snyder

1975). This presetting is not an all-or-none phenomenon. but appears to

vary with the probability that the value of movement variable in

question is actually implied in the imperative signal (Klapp and

Rodriguez 1982; chapter 8). The study reported in chapter 8 suggests
that the degree in which preprogramming of direction and average

velocity is performed. depends upon at least two factors: (1) the

probability of the movement variable itself ( Exp. 1). and (2) the

probability of other variables of the forthcoming movement ( Exp. 2) •

When preprogramming of a variable is dependent on the probability of

remaining movement variables to be specified. then a~ important

assumption of the precue-technique is undermined. At the same time it

means support for the modifications of this technique proposed by

Zelaznik et a1. (1982).

3.6. P!'ograJ!!ming of Average ve loci ty reconsidered
In this thesis the variable average velocity has been treated as a

simple variable which can be varied in a straightforward manner.

However. average ve10city is the resultant of.two physical measure~.
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space and time, and each of them can be changed to obtain a new value of
AV. Up to this point no attention has been paid to this aspect. The
effect of AV was mainly investigated with the velocities 17.5 cm/s and
70 cm/s which were obtained by instructing the movement times 100 and
400 ms for a fixed distance of 7 cm.

The replication of the third experiment of Falkenberg and Newell
(1980) which is reported in chapter 10 (Exp. 1), involved several
distance-time combinations. The distances ranged from 5 to 28 cm and the
instructed movement times from 100 to 1000 ms. which resulted in AVs
ranging from 5 cm/s to 140 cm/s. The aim of this replication was to
examine whether the type of task which was employed by Falkenberg and
Newell, being th~ 'spatially inaccurate' rapid-timing task, had
contributed to the observed monotonous decrease of RT as a function of
average velocity. In the spatially accurate single-aiming task, a
monotonous decrease of RT as a function of AV was found similar to that
in rapid-timing. Hence, the hypothesis that the findings of Falkenberg
and Newell were limited to movement tasks with inaccurate movement
termination was rejected.

Besides a test of the predictions of the impulse-variability models
concerning the relation between spatial variability and movement speed
in both tasks, the idea was examined whether the absolute difference
between two AVs would be a predictor of the size of the Velocity effect
(chapter 10). However, the Velocity effect which repeatedly has been
found to be about 50 ms in the studies reported in this thesis, appeared
to be considerably reduced if the choice between two velocities
consisted of two lowest and highest AVs, but not for the other
combinations of AVs.

Post-hoc the movement control mode hypothesis seemed to account
for the obtained results with respect to the Velocity effect quite well.
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This hypothesis states that the size of the Velocity effect is related

to the movement times which are imposed to obtain different AVs. When a

choice must be made between two AVs of which the lengths of the

instructed- movement times allow one type of control mode, either open-

loop or closed-loop control, no control mode competition exists and,

consequently, the Velocity effect will be small. The hypothesis was

confirmed in a subsequent experiment (Chapter 10; Exp. 2). In contrast

to a Velocity effect of approximately 50 ms, a Velocity effect of about

17 ms was found between the AVs of 17.5 and 70 cm/s when the instructed

movement time, and thus type of control mode, was fixed at either 200
or 400 ms for the two AVs. The different AVs were obtained by varying

the distance of the movement trajectory. In most of the experiments of

this thesis, the movement times that were imposed (100 and 400 ms)

allow for different modes of movement control. This suggests that the
large Velocity effect reported in these experiments not only reflects

programming of different AVs, but also processes which are related to

the type of movement control that is applied for the particular AV.

Although the hypothesis of control mode competition needs further

replication, the results of chapter 10 indicate that the effect of

average velocity on reaction time cannot be viewed independently of the

movement time leading to the average velocity in question. So, regarding

the effect of instructed movement speed on reaction time, a picture

emerges that shows close resemblance to that of the effects of movement

speed on spatial accuracy. Recently, Hancock and Newell (1985) have

developed an integrative model for the movement speed-accuracy
rel~tionship th~t they ~~llpd ~ 5p~c~-timp pArspe~tivp. R~~ic~lly thp

model gives a qualitative description of how the effect of movement

speed on movement variability depends on the combinations of certain

distances and movement times. The second experiment of chapter 10
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suggests that with respect to the effect of AVon reaction time a
similar analysis is imperative.

What is the significance of the finding that the Velocity effect

is affected by movement time i.e. control mode, for the conclusions of

this thesis? If this result shows to be a valid one in subsequent

research, it means that the effect of AV should be reinterpreted as a

mixture of several factors, which mutually affect the motor programming
stage.

As a summary of the findings, figure 1 below depicts a tentative

structure of the response stages of the serial stage model of the
reaction process as it presently emerges from the main findings of the

thesis. The stages are shown at the left and the corresponding task
variables are shown at the right.

~ ~spatial
conceptual S-R compatibility

direction
~~--~-average movement velocity

relative signal frequency

~---+---spatial accuracy

~ response-specificity
foreperiod duration

response
execution

Figure 1. Structure of the response stages of the serial stage model of
the reaction process. The stages are shown at the left and the
corresponding task variables are shown at the right. The relations
indicated with solid lines are based on the findings of the present
thesis.
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3.7 Beyond the Additive Factor Method
In this paragraph it will be attempted to position the model of response

preparation - as developed on the basis of experiments in the tradition

of the additive factor method - in a broader theoreticaJ perspective. At

the same time converging evidence for the present model is presented.

First, the model is discussed with respect to findings from the RT-

studies of Henry and Rogers (1960) and Klapp (1977). It will be argued

that the model may offer a positive contribution to the controversy

concerning the RT effects obtained in their simple and choice RT-

paradigms. Then, the present model is considered in relation to the
impulse-variability concept. It is argued that both conceptions are

supplemental rather than mutually exclusive, despite their different

experimental approaches. Going beyond the preparation of just one single

aiming movement is the issue in the next paragraph when the model is

discussed in relation to two-hand coordination tasks. Although the stage

structure, as revealed by the additive factor logic, is restricted to

single movement situations, it may guide theoretical and experimental

considerations for situations where two different movements are
simultaneously performed. This also provides the opportunity to conduct

back-to-back experiments, which are necessary to broaden the generality

of the AFM approach (e.g. Gopher and Sanders 1984). Finally, electro-

encephalo:9raphic research is discussed which is in line with motor

programming notions developed in this thesis, like preprogram~ing.

1. The pioneering work of Henry and Rogers (1960) revealed increasing
RTs as a function of movement complexity in a simple RT paradigm.

According to Klapp (1977) the simple RT paradigm enables complete

preprogramming of the movement and consequently movement complexity

should not affect RT. Some years ago Henry and Klapp made their
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respective positions explicit on this issue in the Journal of Motor

Behavior (1980). Basically both agreed upon the memory drum theory as

the major guiding principle in the study of motor control, but disagreed

with respect to the additional assumption of Klapp that, following

programming, the resulting representation can be stored in short-term

motor memory. One of Klapp's (1980) suggestions to reconcile both

positions was that Henry and Rogers' original theory holds for large

movements and Klapp's version for small-scale vocal and finger
movements.

A solution to their debate might be offered by the program-loading

notion of the present model. Although the serial stage model is

developed for choice RT tasks, it may be relevant for the simple RT

paradigm as well. Movement complexity was varied by Henry and Rogers

(1960) at three levels. A finger lift response represented the lowest

level, the same finger lift response followed by the grasp of a tennis

ball was on the intermediate level, while the highest level of movement

complexity consisted of the intermediate complex movement together with

a subsequent touching of a second ball followed by hitting a target.

Accepting the property of the program-loading stage that loading cannot

take place in advance, the movement complexity effect of Henry and

Rogers (1960) may be accounted for post-hoc by the increments in

loading-times of the preprogrammed movements. Loading large scale pre-

programmed movements may take more time as their complexity increases.

However, Henry and Rogers (1960) found a much smaller increase of RT (16

ms) between the movements of intermediate and highest complexity than

between the finger lift response and the movement of intermediate com-

plexity (39 ms). This suggests that program-loading is not necessarily

completed before movement initiation, but may run in parallel with

movement execution. A similar phenomenon ~as been observed in
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experiments about preparation of response sequences, such as the pronun-

ciation of successive words (Sternberg et a1. 1978, 1980; Monse11 1986).
A recent model on handwriting, a task which execution is strongly

successive - seems also based on a serially hierarchical component as

well as a parallel component (Van Galen et al. 1987). The parallel

component concerns the simultaneity of information processing and

execution during handwriting. A replication of the original Henry and

Rogers' task with varying velocity demands in a choice paradigm could

provide converging evidence on the assumed difference between program

loading and motor programming.

2. As discussed in chapter 1, the impulse-variability concept (Schmidt

et al. 1985; Meyer et al. 1982) assumes that spatial and temporal

variability of aiming movements results from variability of the force-

time impulse. Impulse-variability, however, has never been investigated

in relation to variation of the quality of the force-time impulse and

programming time. It may be noted that the effect of average movement

velocity on RT, reported in this thesis, is not at variance with an

impulse-variability concept: the shorter RT of fast movements may be

ascribed to less accurate and therefore less time-consuming programming

of the force-time impulse. Recently, the relationship between reaction

time and varying force-time characteristics such as force duration, peak

force and rate of force production was examined by Carlton, Carlton and

Newell (1987) in an isometric finger-press task. Their findings suggest

that the rate of force production is the key parameter determining

reaction time, because RT decreased as an exponential function of rate

of force production, independent of force duration and peak force. The

reaction time function~ are consistent with the ones reported for the

effect of average velocity of discrete movements (e.g. Chapter 10).

-39-



Thus, the impulse-variability concept seems to be congruous to the
present model.

3. At this time it is not clear whether the present model can be

applied to different movements executed in parallel, like in two-hand

coordination tasks. On the basis of the strong temporal dependencies

observed between two simultaneously performed aiming movements with

respect to initiation, i.e. synchronization, and execution, i.e.

assimilation, a common timing mechanism has been suggested (Kelso et al.

1979; 1983). The linear model can incorporate this aspect quite easily,
because it was shown that programming more values of the timing

parameter is not possible, at least not for the same responding limb.

However, evidence for independent motor programs has been obtained
in two-hand coordination tasks. Marteniuk et al. (1984), for example,

has argued in favor of limb-specific motor parameters, as does Shaffer

(1980), whereas Heuer (1986b) supposes that the commonality and

specificity of movement parameters represent relative positions on a

continuum. According to Heuer (1986b) we should consider intermanual

coupling as continuous degrees of strength of coupling. The strength of

intermanual coupling is related to the amount of practice. Decoupling

means that specification of different values is required on a certain
motor parameter which serves a role in more than one motor program. In

that case parallel programming is needed. The model does not exclude

parallel processing within the motor programming stage, but the evidence

concerning the effects of average velocity, however, is at odds with the

possibility that more than one value is specified on a movement
parameter which is going to be used by one executing limb.

Studies concerned with programming different responding limbs in

two-hand coordination tasks are interesting test-cases of the stage
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structure of the present model. For example. when two movements of

different temporal structure can simultaneously be executed without
mutual interference. this would imply parallel programming of different

programs. The question remains to be answered whether these programs are

transmitted to the program-loading and motor- adjustment stages in

parallel or successively in order to implement the different programs to

different executing limbs.

4. In electro-encephalo-graphic research. the late wave of the

negative contingent variation (CNV). observed in the interval between
the warning and imperative signal. has been related to motor preparation

processes (e.g. Rohrbaugh & Gaillard 1983; Brunia 1987). The negativity

of the late wave is sensitive to variations in motor demands of the

task. for example. required response force (Rebert. Dale. McAdam &
Irwin 1967). whereas the early wave is affected by properties of the

warning signal. Two -unpublished- studies have investigated possible

correlates of preprogramming on the central nervous system level (Haagh

and van den Boogaart 1986; van den Boogaa~t 1986). Haagh and Van den

Boogaart (1986) studied two types of an isometric contraction response

in a precued and non-precued (choice) condition and measured RT. EMG and

the CNV. The fast (ballistic) and slow (ramp) contraction differed in RT

in the choice (no-precue). but not in the precued condition where the

subject was informed about the upcoming response. Furthermore. they

found a prominent difference in the early wave of the CNV. In the choice
condition the early wave was absent. whereas a clear early wave was

dptA~ted in the precued condition. They tentatively concluded that the

early wave of the CNV which was maximal at the premotor cortex reflected

activity related to ~he ~programming of the precued contraction.

Because it could not be excluded that this negativity was elicited by
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the in~ormative value of the warning signal in the precued condition,

the experiment was replicated with a procedure in which the precue was

preceded by a warning signal at an interval of 1 sec (van den Boogaart

1986). Furthermore, not type of contraction, but the required peak force

was varied at 10 and 40% of maximal voluntary force (MVF). The

separation of both warning and precue functions gave the same pattern of

CNV results as in their previous experiment (Haagh and van den Boogaart

1986): (a) a transient negativity tmnedt ate ly after the precue signal in

the precued condition and a sustained one in the no-precue condition,

and (b) a larger negativity of the late wave component in the no-precue
than in the precue condition.

In summary, the linear model on the preparation of Single-aiming

movements that has been developed in this thesis on the basis of the

additive factor method, appears quite consistent with other conceptions

that have been invoked to explain empirical results in the domain of

discrete aiming movements. The changes in electrophysiological measures

which occur before the motor reaction contingent upon the hypothesized
motor processes, may taken as further substantiation of the model.
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4. Main conclusions

The research reported in this thesis allows for the fo llowing

conclusions:

(a) When the imperative signal indicates which of two average

velocities is required for the ensuing discrete aiming movement, then

the reactiQn time of the fast movement is shorter than that of the slow

movement: the Velocity effect.

(b) The Velocity effect is related to a motor programming stage in the
human information processing chain of choice reactions. This conclusion

is based on the following findings:

1. The size of the Velocity effect is not affected by variations

in the compatibility of the stimulus-response relationship,
2. The size of the Velocity effect is independent from effects

of foreperiod duration and response-specificity, and
3. The size of the Velocity effect is not influenced by spatial

accuracy demands regarding the termination of the discrete aiming

movement.

(c) Advance information about the required average velocity can be used

to preprogram this aspect of the forthcoming movement.

(d) The preprogramming feature of the motor programming processes with

respect to average velocity and movement direction shows that motor

programming is under attentional control. The extent in which a movement

feature is preprogrammed is dependent on the probability that the

ensuing movement will contain the specific feature, but also on the

probability of other features of the movement.
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(e) The programming of movement direction appears to

attentional costs, whereas the programming of average

particular of slow movements, requires much attention.

of both features at the same time occurs in a

have little

velocity, in

The programming

para 11e1 but
interdependent way.

(f) The effect of the variable response-specificity is related to

the muscular preactivation of the movement-relevant muscles.

(h) The movement speed-accuracy relationship in rapid-timing and

single-aiming tasks cannot be predicted by average velocity alone as

suggested by impulse-variability models, but should be conceived from a
space-time perspective.

(i) The absolute difference in average velocity between movement

alternatives is an insufficient basis to predict the size of Velocity

effect. It appears that the type of control mode involved should also b~
considered.
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Specification of direction and duration during
programming of discrete sliding movements

Summary. Two experiments on duration programming of a discrete sliding
movement in choice reactions are reported. In the first experiment it was
examined whether duration of movement might be preprogrammed when
varied across sessions. The result suggested that programming of movement
duration is dependent on direction uncertainty. Experiment 2 used the
movement precue technique in an attempt to further examine programming
of movement duration and direction. Movement duration, movement direc·
tion, movement form and foreperiod duration were manipulated. When dura-
tion was not precued, a duration effect was found, while precueing resulted
in disappearance of the duration effect, demonstrating that duration of
sliding movements can be preprogrammed. Moreover, (prerprogramming
duration was independent of direction uncertainty, supporting an indepen-
dent order notion of programming of these response variables. Evidence that
motor preparation comprises different processing stages was derived from the
additive effects of foreperiod duration and of the movement variables dura-
tion and direction.

In reaction ·time analysis of motor programming it is assumed that programming
takes time and that varying demands on the processes involved are reflected in con-
comitant fluctuations in reaction time (RT). Motor programming may be con-
ceived of as the specification of motor control parameters which are represented
in a generalized motor program (e.g., Klapp, 1977a; Keele, 1981). It has been well
established that movement duration has a consistent and pronounced effect on RT
(Klapp & Erwin, 1976; Quinn, Schmidt, Zelaznik, Hawkins & McFarguhar, 1980).
RT differences of SOms and more have been reported between movement. durations
differing only 80 ms (Quinn et al., 1980). Studies using the Morse Code paradigm
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("dit" vs "dah") also show consistent but substantially smaller effects of duration
on RT (e.g., Klapp, 1977b).

Preprogramming assumes that a movement parameter can be specified in ad-
vance of the reaction signal and actively maintained until it is needed to control the
movement. With respect to movement duration, the Morse Code studies show that
preprogramming of duration is possible even when other response elements, such as
movement direction and response finger, still await programming (Klapp, 1977a;
Zelaznik, Shapiro & Carter, '1982). The Morse Code studies suggest, therefore,
that values of different parameters can be specified independently of one another;
a notion consistent with Rosenbaum's distinctive feature hypothesis of motor
programming (Rosenbaum, 1980).

In Experiment 1, it was examined whether or not the duration of movements
other than "dit-dah" could be preprogrammed. Because the results were quite
different from those expected on the basis of the Morse Code studies, a second
experiment was conducted elaborating this issue more extensively.

Experiment 1

The purpose of Experiment 1 was to investigate whether the duration of a sliding
movement can be programmed in advance of the imperative signal just as duration
of "dit-dah" responses can be preprogrammed. A procedure of manipulating the
duration across blocks of trials was chosen to permit subjects to preprogram this
variable (e.g., Klapp, 1977b; Kerr, 1978). It was expected that this procedure,
which enables subjects to preprogram duration, results in a reduction or even dis-
appearance of the quite large duration effect on RT which has been observed in
previous studies (Klapp & Erwin, 1976; Quinn et al., 1980).

The notion of motor adjustment is usually connected to the effect of foreperiod
duration (Sanders, 1980a). The motor adjustment stage is related to the type of pro-
cesses that are preset by intensive preparation. These include straining the muscles
(Sanders, 1980b; Haagh & Brunia, 1984), but also more general processes deter-
mining the distance to what Naatanen and Merisalo (1977) have called the motor
action limit. To examine how specification of movement parameters relates to
processes which modulate the intensity of motor preparation at a specific moment
in time, the foreperiod duration (FPD) was varied.

Method

Subjects. Eight women and four men ranging in age from 18 to 23 years participated
in this study. Subjects were tight-handed and received Dfl 7.50 per hour for their
cooperation.

Task and apparatus. A visual two-choice reaction time task was employed in which
movement direction was the choice alternative. Subjects were required to make a
7-cm sliding movement across the surface of a sloping desk with a duration of 50 or
400 ms. The sliding movement was made by the right hand which moved a light-
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weight-stylus (7.5 g) from a circular departure point (6 mm diameter) to a rectangular
target plate (2.5 cm wide; 8 em long). A target plate was mounted at each side of
the departure point such that the horizontal midlines of the targets formed one
line with the departure point. Subjects were seated with the right shoulder aligned
with the departure point. A row of three equidistant (2 ern) lights was mounted
about 10 ern behind the departure point. A red light in the middle of the array served
as a warning signal while outer white ones served as imperative signals to indicate
direction of movement. Warning and imperative signals were both presented for
500 ms.

Design and procedure. RT was measured from the onset of the imperative signal until
the electrical contact between the stylus and the departure point was broken. Move-
ment duration was defined as the time elapsing between leaving the departure point
to arrival at the near edge of a target. Two movement-duration levels were used
(i.e., SO and 400 ms). A 30% deviation from this goal duration was tolerated. Cor-
rectness of movement duration was emphasized but overshoots were permitted.
There were no financial consequences for not obeying the 30% criterion. Move-
ment direction (left or right) was randomly varied between trials. Movement dura-
tion and FPD (1.5 or 10.0 s) were blocked across trials. A trial started with the
onset of the warning signal followed by a constant foreperiod prior to the onset of
the imperative signal. Subjects were instructed to initiate movement as rapidly as
possible to the target ipsilateral to the position of the imperative signal and to
prepare the response as much as possible in advance. A new trial was initiated 7s after
the offset of the imperative signal.

A session consisted of four successive series of 15 trials each. The two levels of
FPD were counterbalanced according to an ABBA or BAAB sequence within each
session. Movement duration was varied between sessions according to the same
balancing sequences. Four sessions of 60 trials followed a training period in which
all subjects were trained until the standard deviations of their RTs were no greater
than 15% of their mean RTs and which lasted for at least 180 trials. During the
training phase and experimental sessions, subjects' performance was carefully moni-
tored in order to provide feedback regarding the number of correct movement dura-
tions and stability of RTs after each series.

Results and discussion

Reaction time. Mean RTs and actual movement durations are presented in Table 1.
These data were collapsed over movement direction because a comparison between
right and left movements revealed no significant differences. A two-way repeated
measures analysis of variance with movement duration and FPD as factors revealed
that the main effect of movement duration was significant [67 ms, F(1 ,33) = 165.8,
P < 0.001] as was the main effect of FPD [34 ms, F(1,33) = 41.2, P < 0.001]' No
interaction was observed between movement duration and FPD. This additivity will
be discussed in the relevant section of Experiment 2.
The pronounced effect of movement duration is similar in size to that obtained

in a sliding movement task by Klapp and Erwin (I976, Exp. 3). They found a dif-
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ference of 59 ms between unidirectional sliding movements of 150 and 300 ms.
However, in their study, subjects could not preprogram duration because movement
duration was uncertain, while in the present study movement duration was blocked
enabling preprogramming. Thus, the result of the present experiment challenges
the idea that the duration of sliding movements can be preprogramrned and is there-
fore not consistent with results of the Morse Code studies (e.g., Klapp, 1977b). Be-
cause movement direction was uncertain until the moment of presentation of the im-
perative signal, it is quite possible that programming of movement duration must
await the selection of movement direction. Such a hierarchically dependent order of
movement variables at the programming level would be clearly contrary to a no-
tion of independent organization of programming processes as proposed by Klapp
(I 977a) and Rosenbaum (I980).

An alternative explanation might be sought in terms of accuracy of termination
of the movement. It was observed that subjects consistently overshot the target with
movements of 50 ms, while the movements of 400 ms almost always were terminat-
ed within the target boundaries. Accuracy might then be considered a confounding

Table 1. Mean reaction times and movement times (in ms) for both movement durations and
fore period durations of Experiment 1. Standard deviation in parentheses.

Reaction times Foreperiod duration (seconds)
1.5 10.0

Movement duration
50

400
291 (33.1)

362 (49.7)
328 (42.4)
392 (53.4)

Mooement times

Movement duration
50

400
55 (9.5)

391 (64.1)_

57 (9.2)

386 (63.1)

factor in the sense that time to program a sliding movement is not only determined
by the duration of the movement, but also by the terminal precision to be achieved.
Quinn et al. (1980) have shown that varying movement accuracy by manipulating
target width did not influence R T if movement time was controlled. They con-
cluded that movement duration was the important programming factor. In their
study, however, a target-aiming task was employed in which movement termination
was facilitated as a consequence of the target impact, while this, was not the case
with the sliding movements used in the present study.

Errors. Movement durations beyond the 30% tolerance limits were less frequent for
the 50 ms (3.4%) than for the 400 ms movements (18.3%). Errors other than duration
errors such as those due to movements -in the wrong direction were about the same
for movements of 50 ms and of 400 ms (4.6% and 4.4%).
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In view of the findings of the first study which were contradictory to those ex-
pected, a second experiment was conducted. This experiment was aimed at a more
elaborate analysis of duration programming per se and the relationship between
movement direction and duration at the programming level. In order to exclude
terminal accuracy as a confounding factor, equal constraints on terminal precision
were required. A pilot study showed that the 50 ms movement of the first experi-
ment had to be replaced by a 100 ms movement duration in order to be able to
implement this requirement for the target width used.

Experiment 2

The precueing procedure has recently been the method of choice to study reaction
time fluctuations due to variations in movement variables (Klapp, 1977a; Rosen-
baum, 1980). In such a precueing procedure a subject performs a choice RT task in
which each motor response is associated with a unique signal. Prior to the imperative
signal, another signal - the precue - informs the subject about none, one, or more
relevant attributes of the required response. This affects the level of uncertainty
about which response has to be executed. The pattern of reaction-time data when
related to the rype of advance information provided allows one to make inferences
about the temporal order of the specification of these movement features. For
example, Rosenbaum (1980) has shown that the movement variables responding
limb, movement direction and extent of movement are specified serially, indepen-
dently from another and not in an invariant order. Thus, in Rosenbaum's model
of the organization of the programming process, the values of certain movement
parameters (dimensions in Rosenbaum's terminology) can be specified in any order,
independent of the uncertainty of other movement parameters.

The precue technique will be applied to investigate whether the duration of a slid-
ing movement can be preprogrammed and to examine the dependent or independent
character of the order of specification of the movement variables duration and
direction at the programming level. The task was slightly different from that used
in the first experiment and involved discrete sliding movements which were varied
between trials in duration (100 or 400 rns), direction (left or right) and form (hori-
zontal vs slanted). Four precue conditions were used which differed in their effect
on response uncertainty: (1) No precue, (2) Duration precued, (3) Direction precued
and (4) Duration and Direction precued. Movement form was never precued, slanted
movements were only added to ensure residual response uncertainty in the last
precue condition.

As commonly found in previous studies (Klapp & Erwin, 1976; Quinn et al.,
1980), RT is predicted to be longer for long movement durations, particularly
when duration of movement is not a precued attribute. If the duration effect is,
in essence, equivalent to that observed in "dit-dah" tasks, it will be strongly reduced
or even disappear when there is advance information about duration enabling pre-
programming. Yet, the condition under which reduction of the duration effect may
occur is likely to depend upon the order of the value specification processes of the
movement parameters duration and direction. According to a strict hierarchical

- 58 -



view, preprogramming of duration will occur as long as the direction of movement
is also known - that is, when duration and direction are both precued. This is called
the Dependent-Order hypothesis. The Independent-Order hypothesis predicts that
the duration effect on RT will be reduced or even disappear in all conditions in
which duration is precued, irrespective of direction uncertainty. With the same
objective as in Experiment I, foreperiod duration was varied.

Method

Subjects. Four men and four women participated in the experiment and were paid a
basic fee of 75 Of!. Subjects were right-handed and had not participated in the
previous experiment; their ages ranged from 19 to 25 years. One subject was re-
placed because she appeared to use a strategy of selective preparation for the 400 ms
movement duration.

Task and apparatus. The arrangement of the basic experimental setup was identical
to the first experiment. Because RT was counted from the moment the stylus left
the departure point, its size was reduced to 2 mm to minimize differences in contact
time between fast and slow movements. Subjects were required to make a sliding
movement of either 100 or 400 ms in duration. Prior to movement initiation, either
to the left or to the right target plate, subjects chose between two movement trajec-
tories: a straight one over a distance of 7 em ending at the midline of a target plate
(horizontal) and a slanted one reaching the target at the upper part and covering a
distance of 7.5 cm (slanted). Correctness of the movements was checked by four
metal detection plates (1 x 1 ern), one along each trajectory at a distance of 4.5
ern from the departure point. Subjects were instructed to pass over these detection
plates when making a particular sliding movement. Overshooting movements were
recorded by means of rectangular plates of different colors next to each target plate.

A visual display (10 X 10 ern) of light-emitting diodes (LEOs) was used to present
precue and imperative signals. The display was mounted about 5 cm behind the
departure point at an angle so that the display was perpendicular to the subject's
viewing direction. At the center of the display, a yellow LED served as the fixation
point and as feedback signal with regard to proper electrical contact between stylus
and departure point. An inner-red and an outer-amber LED were mounted on each
of the four diagonals of the display at a distance of 2.5 em from the fixation point.
Fixation point and departure point covered a visual angle of about 7 degrees.

Procedure and design. The independent variables movement duration, movement
direction, form of movement and foreperiod duration were all studied under four
precue conditions. The two movement duration levels (i.e. 100 ms and 400 ms)
were specified by the color of the LED. For half of the subjects the 100 ms move-
ment was indicated by the red LED and the 400 ms duration by the amber LED,
while color relation was reversed for the other half of the subjects. A 30% deviation
of the goal movement duration was tolerated. Movement direction (left or right)
was defined on the basis of target position and specified by the position of a LED
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with respect to the fixation point. There were for each movement direction level
two possible movement forms (i.e., horizontal and slanted). Differentiation between
horizontal and slanted movements was accomplished by assigning the upper right and
upper left LEOs to slanted movements and the lower right and left LEOs to horizon-
tal movements. Foreperiod duration, defined as the time elapsing from the onset of
the precue signal to the onset of the imperative signal, was randomly either 3, 4 or
5 s.
Either movement duration, movement direction, both movement duration and

direction were precued or, as a control, there was no precueing at all. If movement
duration was precued (DUvcondition) all four LEOs of the same color were illuminat-
ed. Precueing of movement direction (Dl-condition) was achieved by illumination
of the pairs of LEOs at one side of the display. Two LEOs of the same color at
one side of the display indicated the duration plus direction precued condition
(DUD!). The No-precue condition (NO) consisted of illumination of all LEOs.
A trial started with a 1000 Hz warning tone (64 dBA; 250 ms) simultaneously

with a visual precue signal during 1500 ms. The imperative signal consisted of one of
the signal alternatives as denoted by the precue. The duration of the imperative
signal was dependent on RT since it was turned off at the start of the movement.
Anticipatory reactions and corrections of incorrectly initiated movements were
thus discouraged. The following trial was started 3 s after termination of the move-
ment.
All conditions were randomly distributed over the 192 trials of each session with

the restriction that each condition occurred equally often. A session started with
25 warming-up trials, followed by 192 experimental trials. Each subject participated
in eight sessions. Since the 25 warming-up trials were discarded from analysis and the
first two sessions were considered practice, there remained 288 registered trials per
subject for each of the four precue conditions. Reaction time and movement time
were recorded, as were movement precision (e.g., overshoot), correctness of trajec-
tory and choice of movement. On-line control of the experiment and data registra-
tion was performed by computer (LSI 1112). In order to achieve a stable move-
ment performance, both movement durations were extensively practiced before the
first s.ession. Accuracy of movement duration was emphasized during the experiment
by rewarding each correct duration (i.e., within the 30% tolerance range) with Of!
0.03 and punishing each incorrect one with the removal of Of! 0.01.

Results

Reaction times. Mean RT data are summarized in Figures 1 and 2. In Figure 2
horizontal-movement RTs are shown as a function of FPO and collapsed over move-
ment direction. Analyses were limited to horizontal movements because the hypoth-
eses only concerned these movements; slanted movements were only added to

preclude complete response certainty in the OUOl condition. Because each precue
condition can be treated as a specific combination of two values on a certainty
continuum of movement duration and direction (certain vs uncertain), data were
analyzed with duration uncertainty and direction uncert-ainty as factors, each having
two levels.
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In order to examine whether there were interfering effects of movement form,
an omnibus repeated measures analysis of variance on the individual mean RTs was
carried out. Factors were: foreperiod duration, duration uncertainty, direction
uncertainty, movement duration, movement direction, and movement form. Move-
ment form had no significant main effect [F(1,7) < 1.0].

A separate analysis of variance on the horizontal movement data, with fore-
period duration, duration uncertainty, direction uncertainty, movement duration
and movement direction as factors, showed that only foreperiod duration [F(2,14)
= 16.9; P < 0.001], duration uncertainty [F(l,7) = 80.7, P < 0.001] and direction
uncertainty [F(1,7) = 61.1, P < 0.001] had significant main effects. Movement
duration and movement direction did not affect RT significantly. None of the inter-
actions with foreperiod duration reached significance (see Figure 2).

Figures 1 and 2 show that movement duration did not affect RT when duration
was certain (i.e., precued) but that the duration effect was clearly present if dura-
tion was not precued. This observation was corroborated by the interaction between
duration uncertainty and movement duration [F(l,7) = 20.0, P < 0.003). The dura-
tion effect was neither dependent on direction uncertainty, nor on a specific move-
ment direction [F(I,7) < 1.0).

Furthermore, the interaction between duration uncertainty and direction un-
certainty was significant [F(I,7) = 13.0, P < 0.01)' The pattern of this interaction
was under-additive since the reduction in RT by precueing direction was larger when
duration was certain (38 ms) than when duration was uncertain (I7 rns). A similar
pattern was obtained for the duration effect. The duration effect was stronger when
direction of movement was certain, i.e., Dl-condition (57 rns), than when it was
uncertain, i.e., No-condition (46 ms). In the duration precued conditions, the dif-
ference in RT between 100 and 400 ms movements was about equal when direc-
tion was uncertain, i.e., DU-condition (2 rns) or certain, i.e., DUDI-condition (6 ms).
This observation was supported by a second-order interaction between duration un-
certainty, direction uncertainty and movement duration [f(I,7) = 12.4, P < 0.01].

Movement times. There was a significant main effect of movement times [F(l,7) =

3751.8, P < 0.001]. More importantly, type of precue did not affect movement time,
F(3,21) = 1.5, P = 0.25, arguing against a RT-MT trade-off explanation of precue
effects on RT. Movement times of 400 ms were sensitive to variation in FPD, F(2,14)
= 4.3, P < 0.05, since the 4-s FPD condition produced faster movement times in
the condition in which duration was precued.

Duration errors. Movement durations beyond the 30% tolerance limits amounted to
17.4% and 18.2% for the 100 and 400 ms movements, respectively. Reaction times
followed by a duration error were discarded from analysis.

Reaction errors. Errors such as those due to movements in the wrong direction
or RTs less than 100 ms or more than 1000 ms were sporadic « 1%) and were also
discarded from analysis.
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Overshoots. Precision with respect to movement termination was substantially better
for 400 ms (10.2% overshoots) than for 100 ms movements (33.9% overshoots)
and this imbalance in accuracy occurred equally in all conditions. All analyses of
variance reported above were conducted on the RT data pooled over both accurate
and inaccurate (i.e .• overshooting) movements. The rationale was that a preliminary
analysis revealed that. apart from an averaged RT increase of 1%. the outcomes of
the analyses remained unchang_ed when overshoots were excluded.

Discussion

The results of the second experiment clearly confirm the general findings of previous
studies. the RT is longer in the case of long-duration movements (Klapp & Erwin.
1976; Quinn et al., 1980). Moreover. Experiment 2 shows that. first, the duration
effect disappears when duration is pre cued and. second. the pre cueing of duration is
equally effective, that is. independent of the movement direction or certainty about
direction of movement. Hence, the results are quite different from those of the
first experiment. The additive effects of movement variables and FPD confirm pre-
vious findings (Sternberg. Wright. Knoll & Monsell, 1980; Experiment 1, this study).
The additive relationship between these variables suggest. in terms of the additive fac-
tor logic (Sternberg. 1969). that motor programming is a process different from pro-
cesses which affect the intensity of preparation. So. it seems that motor preparation
comprises at least two processing stages: a motor-programming stage that is directed
at building a specific response and a motor-adjustment stage which modulates the
level of readiness of the motor system. The state of readiness. in turn. determines
the speed at which results of the programming process can be adopted by the motor
system.

The second experiment unequivocally demonstrates that movement duration can
also be preprogrammed in responses other than the "dit-dah" responses. It seems.
therefore. reasonable to conclude that the duration' effects found in this and other
studies have a common source. The timing process involved in short- and long-dura-
tion movements appears a plausible suggestion (Kerr, 1978; Keele. 1981). Keele
(1981) has suggested that the longer programming time for slower movements as
reflected in RT can be explained in terms of the longer interval of time between
onset of accelerative and decelerative forces. A recent study by Wallace and Wright
(1982) is particularly relevant in this respect since they found that changes in timing
of EMG activity (duration of agonist and of antagonist' activity and the interval
between initial start of agonist activity and initial antagonist activity) were a function
of variation of movement duration and not of movement distance .• ,.

The present results confirm the Independent-Order hypothesis with regard to the
organization of the value specification processes of direction and duration at the
programming level. It was shown that duration can be preprogrammed independently
of the level of direction uncertainty or direction-to-move. This result clearly argues
against a hierarchically dependent-order notion of programming. Studies in the Morse
Code tradition support this argument; the duration of a keypress can be preprogram-
med independently of response finger or of movement direction (Klapp, 1977a;
Experiments 2 and 3; Zelaznik et al., 1982). These results corroborate the distinctive-
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feature hypothesis of programming proposed by Rosenbaum (1980). Briefly, this
hypothesis states that programming involves the selection of independent movement
dimensions, each having several values which can be specified independently of one
another.

Support for a serial organization of the programming process as was found by
Rosenbaum (1980) was not unequivocally obtained. The under-additivity of the
interactions between duration uncertainty and direction uncertainty, in addition
to the second-order under-additive interaction between these two factors and move-
ment duration argue against such a view. Under-additivity occurs when a factor
that slows processing (e.g., duration uncertainty) has a larger effect on the faster
of the levels of the other variable (e.g., direction certainty). Under-additive inter-
actions suggest that processes are organized in parallel within a stage (Stanovich
& Pachella, 1977). A clear advantage of programming processes operating in paral-
lel is that rather complex programs can be constructed in a relatively short time.
Zelaznik (1981) and Klapp 0977a; Experiment 1) have also obtained results indicat-
ing parallel programming of movement variables. Movement force and movement
direction in Zelaznik's study and keypress duration and response finger in Klapp's
study both showed under-additive interactive patterns with regard to RT. A replica-
tion of Klapp's study by Zelaznik er al. (1982), however, did show an over-additive
interaction between these variables when they controlled for number of S-R pairs.
Although this interaction may imply serial specification of these movement variables,
it still suggests a common resource of limited capacity for the programming of move-
ment variables.

In the present study, the precues also reduced number of S-R alternatives, yet it
is unlikely that the obtained effects are mereley due to variation of the number of
S-R pairs. First, based on information theory, one would have expected a linear in-
crease in RT as a function of the number of alternatives - that is, the number of
uncertain movement parameters which was two in the DUDI-condition, four in the
DI- and DU-conditions and eight in the NO-condition. As supported by the inter-
action between duration uncertainty and direction uncertainty, the difference in
RT between the DU- and DUDI-conditions is larger than that between the NO- and
Dl-conditions, a result not in agreement with that expectation. Another argument
against an interpretation in terms of the number of S-R alternatives is that a clear
differentiating effect of type of precue is present in the DI- and DU-conditions,
despite an equal number of S-R pairs. Although the obtained changes in RT reflect
both the effect of the number of S-R alternatives and any changes in the durations
of the programming process, it seems fair to say that the major conclusions of the
present study about motor programming still appear valid.

A discrepancy remains between the results of Experiment 1 and those obtained
in the second experiment. Because the dependence notion of duration program-
ming was shown to be incorrect, terminal accuracy is left as an explanatory concept.
Klapp (1975) reported that very low precision demands (i.e., wide targets) shorten-
ed the RT of target-aiming movements. Preliminary results of a study in progress
also suggest that wide targets reduce RT for sliding movements. If programming
time is not only affected by movement duration, but also by precision required,
the results of experiments which do not control for this factor should be inter-
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preted with caution. For example, Falkenberg and Newell (1980) studied the effect
of movement velocity on RT without controlling terminal precision. Their suggestion
of a speed-control interpretation of movement duration programming may there-
fore be questioned, in particular when considered in the light of recent findings
by Wallace and Wright (1982) who did not find evidence for such an interpretation
at the level of EMG when movement precision was controlled for.

In summary, it can be concluded from these experiments that movement dura-
tion and movement direction may be conceived of as parameters of a generalized
program, the values of which can be specified. in any order and independently from
one another. The programming of duration and direction is suggested to operate in
a parallel mode of processing with duration as the dominant element. In addition,
motor programming appears to be a processing stage in the information processing
which is different from motor adjustment. This analysis supports suggestions by
Frowein (1981) and Sanders (1980a) with respect to a stage analysis of reaction
time. It still remains to be established, however, whether motor programming can
be experimentally distinguished from a response-selection stage.
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Accuracy and Velocity

Spatial accuracy and programming

of movement velocity

Abstract

Two experiments in which the effect of average movement velocity on

reaction time is examined in relation to spatial accuracy are reported.

Experiment tested the hypothesis that fast inaccurate movements are

more easily accessed during response selection by varying the

compatibility of the stimulus-response relation. The second experiment

employed spatially accurate movements in combination with the task
variables S-R compatibility and foreperiod duration. The results are

consistent with a two-stage motor-preparation notion consisting of a
motor-programming stage and a program-loading stage.

-68-



Accuracy and Velocity

Introduction
Average velocity (AV) of discrete aiming movements in timing tasks

appears to consistently affect reaction time (RT) - that is. the time

between the onset of an imperative signal and the initiation of a

movement - in that RT decreases as AV increases (Falkenberg & Newell.

1980; Klapp & Erwin. 1976; Spijkers & Walter. in press). At the same

time. a higher AV is accompanied by a smaller timing error (Newell.

Carlton. & Halbert. 1980). Together. these suggest that slow movements

are less easily programmed (e.g .• Keele. 1981). Timing of low-velocity

movements might require a more complex organisation and. hence. more
central processing time in advance of movement initiation.

In the above-mentioned studies. the required velocity of a

particular trial was indicated by the imperative signal in order to

ensure that programming of velocity occurred during RT rather than by
preprogramming in advance of the arrival of the imperative signal (e.g ••

Klapp. 1977).
Evidence for preprogramming AV was indeed obtained in the study of

Spijkers and Steyvers (1984. Experiment 2) and in the control task of
Spijkers and Walter (in press). In the former study. the required AV was

precued in advance of the imperative signal. whereas. in the latter

study. AV was constant across a block of trials. In both studies. no
difference was found between RT of slow and fast movements. Yet the

results of the timing task of Falkenberg and Newell (1980. Experiment 2)

and of Spijkers and Steyvers (1984. Experiment 1) did not support the

preprogramming notion. Despite ample opportunity for preprogramming. AV

had a considerable effect on RT. A major difference between the various

experiments concerned the fact. that. in contrast to the previously

mentioned studies. these last studies required no accuracy with respect

to the endpoint of the movement.
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Several studies have shown that very low spatial-precision demands

reduce processing time for movements even when procedures that permit

complete preprogramming of the movement are used. Thus, the no-accuracy

demanding finger-lifting response in the work of Glencross (1972,

Experiment 2) and of Henry and Rogers (1960) resulted in consistently

shorter RTs than conditions that required more precision. Similar

effects were obtained in the line-drawing task of Laszlo and Livesey

(1977) and in the elbow-extension movement task of Glencross (1972,

Experiment 1). Thus, the inconsistency in the findings concerning

preprogramming of fast and slow movements could be due to confounding

with precision requirements. Fast movements are usually less spatially
precise than slow movements, unless well-controlled.

The present study explores two hypotheses that could explain a

reduced RT in case of fast inaccurate movements. The f i rst is in terms

of response selection and states that abstract response codes are more

easily accessed when no accuracy is demanded. The second hypothesis is

based upon a two-stage response-preparation notion in which it is

assumed that a motor-programming stage is followed by a program-loading

stage. This last stage would translate the programmed specifications

into a format suitable to the muscular system. Such a model has been

proposed recently by various researchers in the area of motor control

(e.g., Meyer, Yantis, Osman, & Smith, 1984; Sternberg, Monsell, Knoll, &

Wright, 1978). From a two-stage response-preparation model, it may be

inferred that a preselected program with few spatial-accuracy demands is

more easily implemented into the muscular system than is a program with
high spatial demands.

Selection of the appropriate response to a stimulus is

related to S-R compatibility (e.g., Broadbent. 1971). In

investigate the response-selection hypothesis, Experiment
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manipulated spatial S-R compatibility, which refers to the degree of the
natural association or compatibility of the spatial arrangement of the

stimulus and response. As in Spijkers and Steyvers's (1984) Experiment

1, a 140- and a 17.5-cm/s~c movement velocity were used, and were varied

between blocks of trials in order to permit preprogramming. Emphasis was

laid on timing accuracy, and passing the target edge was the only

requirement with respect to termination. If the short RT observed in the

no-accuracy conditions of previous experiments was caused by a more

rapid selection of the spatial movement characteristics, then a less

directly available access to the response, as in the incompatible

condition, should result in a smaller velocity effect.
In Experiment 2 here, movements had equal spatial-accuracy demands.

This implied only an additional requirement to the fast movement,

because it was observed that the slow movement was always accurately

terminated. As in Experiment 1, AV was fixed during a block of trials,

so that timing as well as accuracy could be preprogrammed. It was

hypothesized that if identical spatial constraints were imposed, the

program-loading times would render more similar RTs for fast and slow

movements. Spatial S-R compatibility was varied with the same objective
in mind as in Experiment 1. Furthermore, foreperiod duration (FPD) was

manipulated to vary the readiness of the motor system for adopting the

preselected program (e.g., Sanders, 1980, Spijkers & Walter, in press).

METHOD

Experiment
Task and apparatus. A visual two-choi-ce RT task in which movement

direction was the choi~e alternative was employed. The subjects made

sliding movements across the surface of a sloping desk (11 degrees),

with an AV of either 140 or 17.5 cm/sec. A 30 % deviation from these
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target AVs was tolerated. The sliding movement was made by the right

hand through moving a stylus (7.5 g) form a concave circular departure

point (0.6 cm in diameter) to a rectangular target plate (2.4 X 8.3 cm).

The apparatus was basically similar to that used by Fitts and Peterson

(1964). The departure point was positioned 8.5 cm beneath a red warning

signal located at the top of the desk. Two white lights, one on each

side of the warning signal, served as imperative signals. Both to the

right and to the left of the departure point was situated a metal target

plate (2.4 X 8.3 cm). The distance between the center of the departure

point and the edge of a target plate was 7 cm. The subjects were seated
in a comfortable chair, and their right shoulders were aligned with the
departure point.

A random order of signal presentation was preprogrammed on cards

and read by a Graphicard reader (JNSA pattern generator PG 8). Left and

right signals were equiprobable. The durations of both the warning and

the imperative signals were 500 msec. A constant FPD of 2 sec and an

intertrial interval of 7 sec were used. A reaction timer was started at

the onset of the imperative signal and was stopped when the stylus left

the departure point. Leaving the departure point activated a movement
timer that stopped when the stylus contacted the target.

DeSign and Procedure. AV and S-R compatibility were varied on two levels

each in a within-subjects design. In the compatible condition, the

subjects moved the stylus to the target ipsilateral to the pOSition of

the imperative signal. This S-R relation was reversed in the

incompatible condition. The four conditions were assigned to the

subjects according to a Latin-square design. The subjects were tested on

4 consecutive days; one condition was implemented on each day. Each

condition started with 120 training trials followed by two series of 90
experimental trials. There was a 10-min rest period after the training
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session and between the two series.
Subjects. Four right-handed subjects, three males and one female,

participated. Their ages ranged from 21 to 24 years (mean 22.5 years).

They received Dfl 7.50 per hour for their cooperation.

Experiment 2
Task and Apparatus. Compared with Experiment 1, there were some minor

improvements. The departure point was reduced to 2 mm in order to get a
more precise RT measure, and the experiment was controlled by computer

(LSI 11/2). Furthermore, the width of the target was increased to 3.3 cm
in order to facilitate accurate ending at the target in the fast

movement condition.
Design and Procedure. The independent variables AV and S-R compatibility
were identical to those in Experiment 1. In addition, there were two FPD

durations, that is, a 2- or a 7-sec interval between the onset of the

warning and of the imperative signal.
AV, S-R compatibility, and FPD were varied across blocks, whereas

movement direction was determined randomly at each trial. Each subject

completed two sessions. The sessions, run on different days, both

consisted of four series of 50 trials. Between series, there was a short

break of 5 min. During a session, AV was fixed. For half the subjects,

AV in the first session was either fast or slow. FPD was counterbalanced

over the four series of each session according to a BAAB or ABBA

sequence. Spatial S-R compatibility wftS kept constant during two
consecutive series. Due to an assignment error, four of the six subjects

received the compatibility-incompatibility sequence, and only two

subjects received the _incompatibility-compatibility sequence. In the

second session, the order of conditions was similar to that in the first

session.
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Subjects. Six subjects, ranging in age from 21 to 25 years (mean = 22.9

years), participated. They were right-handed and received Ofl 7.50 per
hour for their participation.

It had become evident in Experiment 1 that it was not easy to

accomplish the fast movement without overshooting the target. It was

decided, therefore, to select subjects on the basis of performance in

this specific condition in order to avoid lengthy and frustrating

training sessions. The criterion for participation was a score of 9 of

10 correct trials within a training phase of 100 trials. A correct trial

was defined as both fast and accurate. Of the eight subjects tested, two
could not fulfill this requirement.

RESULTS
Experi ment 1

Errors. Velocity errors that is, movements outside the speed

tolerance limits - were more frequent in the high- (8.8 %) than in the

low- «1 %) velocity condition. Accuracy of timing was less for the fast

movements, since the variable error expressed as a percentage of the

velocity of the correct movements was higher in the high- (22.7 %) than

in the low- (11.8 %) velocity condition. The percentage of incorrect

reactions, that is, wrong-di rection and extremely fast « 100 msec) or

slow (>300 msec) reactions, was slightly higher in the incompatible

condition (fast: 3.5 %; slow 2.0 %) than in the compatible condition
(fa st: 2.a %; slow 1.3 %).

Reaction time. RTs for incorrect reactions and velocity errors were

discarded from the analysis. A pooled 2 X 2 X 2 (AV X S-R compatibility

X series) ANOVA was carried out. The factor series was not

significant (F(l,2l) = 0.14). Averaged over series, mean RTs for high

and low movement velocity were, respectively, 287 and 346 msec in the

compatible condition and 325 and 381 msec in the incompatible condition.
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Low movement velocity increased RT considerably - 57 msec (F(l,21)

73.8, p < .001), which replicates Spijkers and Steyvers's (1984)

Experiment 1. Incompatibility of the relation between the signal and the

direction to move prolonged the RT by 36 msec on the average (F(l,21)

27.4, p < .001). There was no interaction between the effects of AV and

S-R compatibility (F(l,21) = .05).
In the high-velocity condition, actual AVs were slightly faster

than had been instructed - 145.8 and 166.6 cm/sec for the compatible and
incompatible movements, respectively. Low velocity was attained quite

well - 17.7 cm/sec in both compatibility conditions.

Experiment 2
Reaction times. An ANOVA was carried out with subjects, S-R

compatibility, FPO, AV, movement direction, and series as factors. Only

S-R compatibility (F(1,5) = 17.6, p < .01) and FPO (F(1,5) = 71.3, p<
0.001) had significant main effects. Table 1 shows the mean correct RTs

averaged over subjects, series, and direction.
Table 1

Mean Reaction Times (in Milliseconds) as a Function of Average
Velocity, Foreperiod (FPO; in Seconds), and S-R Compatibility

Compatible Incompatible

FPO FPO

Velocity 2 7 2 7

High 362 401 409 445
Low 355 402 401 434
Low-High Oi fference -7 1 -8 -11

An interaction of S-R compatibility, FPO, and series was found (F(1,5) =
15.4, p < .05). Inspection of the data showed that in the first series

the RT in the incompatible condition was longer at the short than at

the long FPO (55 vs. 33 msec), whereas this differential effect was
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almost absent in the second series (41 vs. 33 msec).

Movement Times. Apart from AV (F(l,S) 1806.3, p < .001), no

independent variable affected movement duration. Across conditions.

actual AV varied between 129.6 and 134.6 cm/sec for the fast movements
and between 17.8 and 18.4 cm/sec for the slow movements.

Reaction~. Reaction errors were equally distributed over fast

(6.9%) and slow (7.2 %) movements. Average error percentages were 4.8 %

in the compatible condition and 8.9 % in the incompatible condition.

Velocity ~. More velocity errors were made in the fast- (16.1 %)
than in the slow- (8.1 %) movement condition, but this difference was
only marginally significant (F(l,S) 4.7. p < .1). Accuracy of timing

was better for the fast movements, since variable error was slightly

lower in the fast (9.3 %) than in the slow (11.5 %) condition. Incorrect
RTs and RTs followed by a velocity error were discarded from analysis.

Overshoots. Overshoots occurred only in the high-velocity condition and

were equally distributed over the conditions. This means that accuracy

was not differentially traded for speed among the experimental

conditions. Compared with the pretest. the error score increased from
10% to 24.5 % in the experimental sessions.

DISCUSSION

With respect to spatial S-R compatibility. the results of both

experiments are similar in that S-R compatibility and AV had independent

effects on RT. Both findings argue against the hypothesis that easy

access of the response is the source of the rapid initiation of fast

inaccurate movements. In addition. Spijkers and Walter (in press) have

also found additive effects of semantic S-R compatibility and AV. Thus,

there is convergent evidence in favor of the, notion that response

selection and motor programming constitute separate stages in the
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reaction process.
Furthermore, programming of velocity is not influenced by changes

in motor-response readiness, as FPO is assumed to bring about (Sanders,

1980). Additivity of the effects of AV and FPO has now been observed for

inaccurate fast movements (Experiment 1 of Spijkers & Steyvers, 1984),

for accurate fast movements the velocity of which can be preprogrammend

(this study), and for accurate fast movements the velocity of which must

be programmed during the RT (Spijkers & Walter, in press). Thus, the

conclusion appears justified that implementation of a (pre-)constructed

motor program does not depend on the state of motor readiness.
Comparison of RT to fast movements between Experiments and 2

shows that, when positional accuracy is demanded, RT for fast movements

increases. This indicates that additional processing is required when

initiating a fast, precisely ending movement. This is consistent with a

two-stage model of response preparation in which a program-loading

stage follows a motor- programming stage. In this model, motor

programming is assumed to be concerned with the specification of the

motor-control parameters such as velocity and direction, which are open

to preprogramming. The program-loading stage translates the
specifications into a format appropriate to the muscular system. Loading

time depends on the accuracy demands of the ensuing movement. It cannot

be preprogrammed, but is always performed during the RT. The inability

to preprogram may seem inefficient, but may provide greater

versatility, since the same program can be adopted when loading

different muscular systems.
The finding that the large timing error observed for the

inaccurate movements in Experiment 1 was strongly reduced when

movements were more accurately performed (Experiment 2) is

inconsistent with the proposed model. A longer program-loading time

fast

the

not
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might also have beneficial effects on timing accuracy.

Posthoc, the two-stage model can account for those studies in which

inaccurate movements are initiated faster than accurate movements (e.g.,

Falkenberg & Newell, 1980), even when movement timing can be

preprogrammed (e.g., Experiment 1 of this study). Moreover, it can

accomodate the effects of AV of accurate movements on RT irrespective of

whether (1) the velocity is indicated by the imperative signal (Spijkers

& Steyvers, 1984; Spijkers & Walter, in press) or (2) velocity can be

pre programmed (Experiment 2 of this study; Spijkers & Steyvers, 1984;

Spijkers & Walter, in press). One further test of the model would be a

comparison of RT for inaccurate movements the timing of which either can
or cannot be preprogrammed. In this case, loading times are similar for

both conditions, so that RT should be longer when preprogramming is
impossible.

The two-stage model should be regarded as particularly pertinent to

movements, that are subject to open loop control. If accuracy can be

adjusted during the movement, the program-loading stage is supposed to

be only minimally involved in shaping the movement during RT. This means

that a small effect of accuracy on RT is expected in more closed-loop

controlled movements, which actually was the case in the work of Fitts

(e.g., Fitts & Peterson, 1964).
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RESPONSE PROCESSING STAGES IN CHOICE REACTIONS

An experiment is reported on the mutual relations between the effects of semantic S-R compatibil-
ity. average movement velocity and foreperiod duration on choice reaction time. The major aim of
the study was to investigate whether the response code which is selected on the basis of the
stimulus code is specific to the particular velocity demands of the ensuing movement. The results
show additive effects of all three variables. The additivity of S-R compatibility and average
velocity suggests that the selected response code is abstract to specific kinematic movement
parameters. From the additive effects of average velocity and foreperiod duration it may be
inferred that motor preparation is at least a two-stage process: a programming stage which
specifies the particular motor control parameters and a motor adjustment stage which modulates
the intensity of preparation at a specific moment in time. The observed relations fit a linear stage
model of choice reaction processes.

'Introduction

Current research on choice reaction processes suggests a motor pro-
gramming stage (e.g. Frowein 1981; Sanders 1980a, b; Theios 1975), in
between a central response selection stage - which is assumed to select
an abstract response code based on the output of an encoding process -
and a motor adjustment stage which is thought to be involved in
initiating the actual response, for example by modulating intensity of
motor preparation (Sanders 1980a; Holender and Bertelson 1975). The
present paper aims at a further lest of this suggestion with special
emphasis on the distinction between response selection aid motor
programmmg.
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Motor programming has been viewed as either a set of transforma-
tions necessary to translate the selected response code into a format
suitable to control motor movements (Klapp et al. 1981), or as a
two-stage process, one of which computes motor control parameters
while the other process translates these parameter values into a format
appropriate for force production (Kerr 1978). Alternative views on
motor programming include similar hypothetical processes (e.g. Keele
1981; Rosenbaum 1980; Schmidt 1982). A prevailing premise about
programming is the progressive elaboration from some abstract, non-
motor level (specifying the actor's goal) to a level specifying the
parameters which define the spatiotemporal course of the movement.
Specification of the force and relative timing characteristics of a forth-
coming movement seems an indispensable element of programming
(Kerr 1978; Kelso 1981).

In order to sort out properties of motor programming reaction time
(RT) has often been used to index the amount of central processing
required for establishing particular features of the forthcoming move-
ment. A feature which recently has received considerable interest con-
cerns the average velocity (AV) of a movement. It has been found that
the time for initiating a slow movement is longer than the time for a
fast movement (Falkenberg and Newell 1980; Klapp and Erwin 1976;
Spijkers and Steyvers 1984; Quinn et al. 1980). This AV-effect has been
attributed to a more time consuming process to program slow move-
ments rather than fast movements (e.g. Klapp 1977b; Quinn et al.
1980).

The notion of motor adjustment is usually connected to the effect of
foreperiod duration (Holender and Bertelson 1975; Naatanen and
Merisalo 1977; Sanders 1980a, b). Additive effects on RT have been
reported between foreperiod duration and the number of words to be
pronounced (Sternberg et al. 1980), and in addition, foreperiod dura-
tion and average velocity of a sliding movement had additive effects
(Spijkers and Steyvers 1984). According to the additive factor logic
(Sternberg 1969) this suggests' that motor programming and motor
adjustment may constitute independent stages. Furthermore, foreperiod
....I ..... rt.;'"'..-'\ ...."""....1 "' ..... ." .. ;"'1 t"t; ..........,..l.'c- ....or.-.-.r..nC"Q I~_V\ '-'AT''''''''''\l],tihilit" ~1·''''"\IS~r tA
UU.lULJ..VJ..l U.1.1\ ..4 "'PUL.1U.l o .. .l.ll.U .....J..u..:J-.l""'~yV.l.l...:Jv \U ~'1 v'-' ......Iy""' .... ....,.........,,) -yy--" .......

have additive effects on choice RT (Frowein and Sanders 1978; Sanders
1977). From the results of the abovementioned studies a picture of
three response processing stages emerges with response selection, motor
programming and motor adjustment as constituents. Yet, this implies
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an additive relation between response selection and motor program-
ming which has still to be established.

As pointed out by Sternberg et a1. (1978) interpretation of choice RT
effects of movement parameters in terms of programming is not without
hazard, because decisional and compatibility factors may be con-
founded with movement parameters. Consequently, it is quite possible
that response selection rather than motor programming determines the
AV-effect. Thus, the RT of a fast movement may be shorther because
this response code is at the top of a short-term serially scanned memory
buffer (Theios 1977) or because the translation rule governing the
selection of fast movements is more easily accessed than the rule for
slow movements (Duncan 1977).

A major variable relating to the speed of translating information is
S-R compatibility. S-R compatibility refers to the degree of natural
association or compatibility between members of the stimulus-response
pairs in a choice task. It is supposed that S-R compatibility affects the
processes which are responsible for the selection of the appropriate
response to a stimulus (e.g. Broadbent 1971; Sanders 1980b). Hence, in
attempts to assess involvement of response selection processes in the
RT effect of movement velocity, S-R compatibility is an interesting
variable to consider. In the present study symbolic or semantic S-R
compatibility was varied which refers to a correspondence between
stimulus and response codes simplifying the translation process (e.g.
Simon et a1. 1981). This kind of S-R compatibility avoids confounding
between the effects of changes in movement features by experimental
manipulation of the movement and those due to variations in spatial
S-R compatibility.

Because velocity was varied by manipulating the duration of the
movement while keeping distance constant, the Dutch equivalents for
the words short and long could adequately serve as visual imperative
signals. In the compatible condition the words "KORT" and "LANG"
indicated a 100 msec (short) and 400 msec (long) movement duration,
respectively. An incompatible S-R relation arose when the required
duration of the movement was contrary to the verbal indicator: if the
word "KORT" was presented, the movement duration had to be long,
i.e. 400 msec and vice versa. A pilot study revealed that this manipula-
tion of semantic S-R compatibility served the desired purpose. Motor
adjustment was manipulated by using constant foreperiods of 2 and 7
sec.
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Following Sternberg's additive factor logic (1969) an interaction
between the effects of S-R compatibility and of average velocity is
expected if response selection is indeed involved in the velocity effect.
Such a result would add to Sternberg et al.'s (1978) critical remark that
effects of movement parameters on choice RT may not be solely based
upon motor programming. In contrast, additive effects of S-R compati-
bility and average velocity would lend support to the notion of separate
response selection and motor programming stages. In addition, an
additive effect of foreperiod duration to that of average velocity and of
S-R compatibility is predicted on the basis of the results of previous
studies.

Control conditions

As a control for possible differences in time to perceive the two verbal
imperative signals and in biomechanical production of fast and slow
movements, a selective reaction task was applied. In this task subjects
only responded to one of the two signal alternatives with one prede-
termined movement and ignored the other one. Thus, although there
was no uncertainty about the required movement, the signal had to be
identified in order to decide whether a response was appropriate. The
control task had four conditions: one for each signal alternative and
compatibility combination. Assuming that in a selective RT procedure
subjects preset the relevant information processes, the comparison of
the conditions with identical average velocity but different verbal
signals will provide information regarding possible differences in per-
ceptual processing time of the signals. A comparison of conditions with
different velocities but identical signals may reveal differential effects
between fast and slow movements due to biomechanical factors.

Method

Task and apparatus

Ss performed a discrete 2-choice movement task. They were seated in front of a sloping
desk (slope 110), the right shoulder aligned with a departure point (diameter 0.2 em)
located at the midline of the desk and holding a light-weighted stylus (7.5 g) in their
right hand. At the onset of the imperative signal they carried out a horizontal sliding
movement from the departure point to the right until a rectangular target plate
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(8.3 X 2.0 ern) was reached. The horizontal midline of the target plate and the departure
point formed one straight line with a center-to-center distance of 7 em. Next to the
target plate there was a small metal strip (8.3 X 0.5 cm) of a different colour which
served to detect overshooting movements.

A visual warning followed by an imperative signal was presented on a character
display (self scan panel display; Burroughs ssd 0 132-0040) located at the top of the
sloping desk. The alphanumerical characters were 0.5 ern high and the viewing distance
was about 50 ern (0.57 degree). The character display was positioned 4 cm behind and 7
cm above the departure point at such an angle that the display was perpendicular to the
S's viewing direction. The experimental room was dimly illuminated to enhance the
visibility of the characters which consisted of 5 X 7 dot-matrices.

On-line control of the experimental conditions, measurement of RT and movement
duration as well as registration of overshooting movements was performed by computer
(LSI 11/2). The character display was computer controlled by means of a special
purpose interface. The reaction timer was started at the onset of the imperative signal.
Interruption of the electrical contact between stylus and departure point stopped the
RT timer and simultaneously started the movement duration timer which in turn was
stopped when stylus and the inner edge of the target plate made contact.

Procedures

Experimental task
The warning stimulus consisted of 4 crosses (XXXX) at the center of the character

display together with a 1000 Hz tone (64 dBA). This was followed by a foreperiod of
either 2 or 7 sec, which was constant within a block of trials. The four-character words
"KORT" and "LANG", Dutch equivalents for short and long, served as imperative
signals and appeared at the same position as the warning signal. Duration of warning
and imperative signals was 400 msec.

In the compatible condition Ss responded to the signal" KORT" with a sliding
movement of 100 msec duration and to the signal "LANG" with a 400 msec
movement, resulting in average velocities of 70 cmy sec and 17.5 em/sec respectively,
over the fixed distance of 7 ern. This signal-response relation was reversed in the
incompatible condition. For both movement durations a 30% deviation of their goal
duration was tolerated.

Ss were instructed to initiate the movement as rapidly as possible within the
constraints of a correct duration and an accurate termination on the target plate.

Control task
A selective reaction task served as control. Four control conditions were run, i.e. one

for each signal alternative ("KORT", "LANG") and compatibility combination. Fore-
period duration was identical to the short foreperiod of the experimental task i.e. 2 sec.
Other procedural aspects were the same as those in the experimental task.

Design

The movement durations 100 and 400 msec occurred randomly with the restriction that
both durations were required equally often in a block of trials. A block had 40 trials
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and four blocks constituted a session. The total experiment consisted of three sessions.
preceded by a training phase. S-R compatibility and foreperiod duration were varied
across blocks. Foreperiod duration was counterbalanced across the four blocks of one
session according to a BAAB or ABBA sequence. while compatibility was changed after
two subsequent blocks. Half the Ss started with the incompatible condition in the first
and third sessions, while for the other half the second session began with the
incompatible condition. Training and the first session were given on the first day, the
second and third sessions were run on another day.

Two of the four control conditions were run after the first session and the other two
after completion of the third session.

Training

The 100 and 400 msec movements were practiced until 9 consecutive trials of each
duration were within the tolerance limits. During this phase actual movement duration
was displayed to the S after each trial. Subsequently there was a training session to get
familiar with the experimental task. The training session consisted of the following
sequence: a series of 3 blocks of compatible trials followed by a series of 3 blocks of
incompatible trials. The first and third block consisted of 40 trials with a foreperiod
duration of 2 sec and the second block had a foreperiod duration of 7 sec, but only 20
trials. Because this training procedure implied an imbalance with regard to the 2 and 7
sec foreperiod duration trials (160 vs 40), the first experimental session on the first day
was also considered as a training session and therefore discarded from analysis.

Subjects

Eight right-handed Ss, 3 female and 5 male, participated. They received Dfl.7.50 per
hour for their services. One S was replaced because he failed to meet the limits set for
the movement durations.

Results

Errors

Table 1 shows the percentage of errors for each condition of the' experimental. and
control task collapsed over the second and third session of the second day. Errors were
reactions with a RT less than 50 msec or more than 1000 rnseo, and in addition,
reactions of which the RT was longer than the individual cell mean plus 2.5 times the
standard deviation. These outliers were mainly found (40 out of 55) in the incompatible
condition and elimination resulted in an averaged reduction of 10 msec of RTs in the
incompatible condition without affecting the effect of average velocity and of fore-
period duration. Chi-square tests did not reveal differential error distribution over
conditions in the experimental and control task.
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Reaction times

Fig. 1 shows the mean correct RTs averaged over Ss and the two sessions of the second
day. An ANOV A with Ss, movement velocity, S-R compatibility, foreperiod duration
and sessions as factors was carried out on the RTs of the experimental task. Average
movement velocity (F(l,7) = 26.0; P < 0.005), S-R compatibility (F(l,7) = 11.5; p <
0.05) and foreperiod duration (F(1, 7) = 13.L p < 0.01) had significant effects on RT.
Session had no significant main effect. The RT effects of movement velocity (54 vs 61
msec) and foreperiod duration (22 vs 21 msec) were about the same across sessions, but
the effect of S-R compatibility decreased from the second to the third session (79 vs 45
msec) as was substantiated by a S-R compatibility X session interaction (F(1,7) = 16.8;
p < 0.005). None of the other interactions reached significance. A separate analysis of
the third session alone revealed that, though smaller, the effect of S-R compatibility
was still significant (F(1,7) = 6.7; p < 0.05). ANOVA on the RTs of the control task
showed neither significant main effects nor interactions of the factors movement
velocity and S-R compatibility. With respect to the stability of the RTs within a block
it suffices to say that the standard deviation of 88% of the blocks was less than 20% of
mean block RT.

The variance of RT was also analysed. A similar AN OVA as on the RTs was
conducted on the variances of the experimental conditions. Only the main effect of S-R
compatibility (F(1, 7) = 7.9; P < 0.03) and the interaction between S-R compatibility
and sessions (F(1, 7) = 12.8; p < 0.01) reached significance.

Movement errors

Because most of the overshoots (n = 26) were accompanied by a movement duration
error - i.e. a duration beyond the tolerance limits - these errors were taken together. In
the experimental task 90.9% of the movements were correct and in the control task this
percentage amounted to 87.6%. Chi-square tests showed that movement errors were
equally distributed across conditions in both the experimental and control task. RTs
followed by a movement error were discarded from analysis.

Table 1
Reaction errors (%) per condition of each task averaged over subjects and sessions.

Foreperiod (sec) Compatible Incompatible

2 7 2 7
Fast movement (70 crnysec)
Exp, task 0.6 1.0 2.8 3.1
Control task 1.9 3.1

Slow movement (17.5 cmysec)
Exp. task 1.0 2.7 5.3 5.3
Control task 3.9 2.6
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Fig. 1. Mean correct RT of fast (70 em/sec) and slow (17.5 em/sec) movements as a function of
S·R compatibility and foreperiod duration in the experimental task (circles) and as a function of
S-R compatibility in the control task (triangles).

Movement times

Ss attained the goal movement duration quite well. Average actual movement durations
were 97.5 and 404.2 msec in the experimental task and 93.1 and 407.7 in the control
task, respectively for the 100 and 400 msec duration. Obviously, the factor movement
duration affected movement time significantly; the other factors did not.

Discussion

The major result of this study is the additivity of the effects of
movement velocity and semantic S-R compatibility on RT which was
apparent in the analysis of both the RT means and the RT variances.
The fact that the size of the velocity effect did not depend on semantic
S-R compatibility suggests that the response code which is selected on
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the basis of the stimulus code is abstract to particular motor features of
the ensuing movement. A study of Sanders (1970) supports this view.
He found that the advantageous effect on pronunciation latency of
monosyllabic items containing the same initial phoneme as compared
to the latency for items starting with a specific phoneme was indepen-
dent of the compatibility between stimulus and response. The absence
of a significant difference between RT-variances of fast and slow
movements provides further evidence for the hypothesis of an abstract
response code; variance of RT is usually found to be notably sensitive
to processing load of the response selection process. The view on
response codes as abstract, nonmotor representations of the response
(Klapp et al. 1981; Kelso 1981; Keele 1981) is further supported by the
present results.

The RT effects of average movement velocity do neither appear to be
modulated by response selection nor by motor adjustment. With con-
stant foreperiods (this study) as well as with irregular foreperiods
(Spijkers and Steyvers 1984) additive contributions to RT have been
found of foreperiod duration and average velocity. According to
Sanders' model (1980b, 1983) the motor adjustment stage is related to
the type of processes that affect the general motor readiness to respond.
These preparatory processes are assumed to be presettable by short-term
(phasic) or long-term (tonic) intensive motor preparation and include
straining the muscles (Sanders 1980a), but also more general processes
determining the distance to what Naatanen and Merisalo (1977) have
called the" motor action limit".

The additivity between the effect of foreperiod duration and average
velocity suggests, therefore, that specific motor features are elaborated
upon by a processing stage other than motor adjustment and which
might be tentatively termed motor programming. It is realised that the
motor feature involved in this study is somewhat minor for bearing a
motor programming stage on its own. However, additional support for
a separate motor programming stage was obtained in the study of
Spijkers and Steyvers (1984). In that study an interaction between the
movement factors direction and average velocity was obtained while at
the same time their effects were additive to that of foreperiod duration.
So, it seems that motor preparation comprises at least two processing
stages exerting their influence independently from each other. On the
one hand, one has a motor programming process that is directed at
building a specific response and on the other hand, there is a process
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which affects the level of readiness of the motor system. The state of
readiness in turn determines the speed at which results of the program-
ming process can be adopted by the motor system.
The type of processes related to motor programming may be tenta-

tively described in terms of elaboration of specific movement parame-
ters as represented in the abstract response code. Whether such elabora-
tion consists of a set of transformations (Klapp et al. 1981) or of a
two-stage process (Kerr 1978) is still open to further investigation.
Several movement parameters have been shown to be relevant for the
motor control system. Response duration appears to be one important
programming parameter as suggested by several studies of movement
patterns (e.g. Amstrong 1970; Viviani and Terzuolo 1980). Reaction
time studies suggest that movement force, movement direction, average
velocity and number of successive responses are all attributes to be
specified in the motor programming stage (Klapp 1977a; Zelaznik
1981; Zelaznik et al. 1982; Spijkers and Steyvers 1984; Sternberg et al.
1978). Specification of different movement variables may occur inde-
pendently from one another (Zelaznik et al. 1982; Klapp 1977a; Spijkers
and Steyvers 1984) and furthermore, specification appears not yet to be
muscle specific (Klapp 1977a). Although these kinematic movement
parameters are reported to influence the RT, there is not yet an
elaborate process model of programming which summarises their mut-
ual relations. A complicating factor is that the results concern task-de-
fined parameters which may be quite different from those used by the
motor control system (Kerr 1978)'.
An important attribute of motor programming appears to be that

movement variables can be preprogrammed, i.e. the specification of
movement variables can take place in advance of the imperative signal.
Thus the RT effect of a movement variable is reduced if this variable is
precued (e.g. Zelaznik et al. 1982; Spijkers and Steyvers 1984), has a
high relative frequency (Klapp and Rodriguez 1982), or is varied across
blocks of trials (e.g. Klapp 1977b). The control task of this study also
applied an RT 'procedure in .which average velocity was fixed over
trials. The finding that in that case RT of fast and slow movements did
net differ may thus be ascribed to preprogramming. Spijkers and
Steyvers (1984) found that precueing the velocity of sliding movements
also resulted in disappearance of the average velocity effect.
Provided preprogramming of movement velocity, the results of the

control task suggest that neither perceptual nor biomechanical factors
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contributed to the average velocity effect which has been obtained in
the experimental task. RTs did not differ when movements were
identical but the imperative signals differed and vice versa. Apparently,
it takes as much time to perceive the word short as the word long or to
initiate a slow or fast movement after the movement has been pro-
grammed. This supports the programming interpretation of the velocity
effect. The finding in the control task concurs with Theios' remark that
"the identification of visually presented linguistic stimuli is a content
addressable, direct access memory retrieval process" (1977: 254).
Another argument which can be raised against a perceptual interpreta-
tion of the average velocity effect may be distilled from the additivity of
the effects of S-R compatibility and movement velocity. If, for example,
it would take longer to perceive the verbal signal" long" than "short",
then one would expect an underadditive interaction between S-R com-
patibility and average velocity, because the extra time needed to per-
ceive the word" long" would reduce the average velocity effect in the
incompatible condition.

Disappearance of the compatibility effect in the control task is in
agreement with other studies using simple paradigms (Callan et al.
1974; Anzola et al. 1977). This indicates that under conditions of low
decisional demands the response selection process can effectively be
preset. Furthermore, it provides evidence that the locus of effect of
semantic S-R compatibility is at the response selection process. If
encoding processes were the locus of effect one would expect similar
compatibility effects in the experimental binary choice task and the
selective RT control task.

Within the area of traditional choice reaction process the additive
factor logica has proved its value for preliminary theorizing on percep-
tual and decisional processes. Furthermore, the research based upon the
method has shown a consistent picture of processing stages (e.g. Sanders
1980b). The picture is less clear for the motor stages involved in the
information processing. This study attempted to outline a rough sketch
at this point. Yet, it should be stressed that the response stages inferred
from the results depend upon the applicability of the additive factor
method. A number of strong assumptions underlies this method and it
is not certain whether these are fully met in the present study. However,
the adequacy of the method, and thus the validity of the motor
programming stage, can be checked in further research; for example, by
broadening the range of movement parameters er by introducing more
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complicating conditions to test the invariance of the stage structure, i.e.
stage robustness. If the present theorizing on the response stages proves
to be valid, the range of applicability of the additive factor method
would be widened. Preprogramming of a motor feature implies preset-
ting and therefore active attentional control which carries processing
beyond data-driven aspects. A more detailed discussion about the range
of application of the additive factor method is found in Sanders (1983).
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CHAPTER 8

Programming of direction and velocity of an aiming movement:
the effect of probability and response-specificity. *

* Published in Acta Psychologica, 1987,65, 285-304.



PROGRAMMING OF DIRECTION AND VELOCIlY OF AN
AIMING MOVEMENT: THE EFFECT OF PROBABILIlY
AND RESPONSE-SPECIFICllY

Two experiments are reported on the mutual relations between the effects on choice reaction time
of relative frequency, average velocity of aiming movements, and of Response-specificity with
respect to movement direction. The first study was a 2-choice task in which relative frequency
(0.5; 0.2 vs 0.8) and average velocity (17.5 vs 70 cmysec) were varied. Their effects were found to
interact. In the second study a 4-choice task was employed in which movement direction (left vs
right) and average velocity (17.5 vs 70 cmysec) defined the response alternatives of which the
relative frequency (0.5; 0.2 vs 0.8) was varied. Their effects were examined under high and low
Response-specificity. Again a significant interaction between the effects of average velocity and
relative frequency was observed, the size of which also depended on movement direction.
Response-specificity had a small significant effect that was additive to that of the other variables.
It is argued that Response-specificity affects the preactivation of the motor system, while average
velocity, movement direction and relative frequency all affect Motor-programming.

Organization and control of forthcoming movements is a major topic
in research on motor behavior. One of the central concepts of the way
movements are governed is that of motor programs (e.g., Schmidt 1982;
Rosenbaum 1985). In approaching the question concerning the nature
of the motor-programming process, there is growing evidence that
motor programming refers to the specification of parameters of selected
generalized motor programs that control the movement production.
Timing - i.e., specification of the temporal aspects of a movement -
plays a central role in this respect. For example, it has been observed
that two movements requiring a different .speed cannot be prepared
together in a choice reaction task (Klapp and Greim 1979; Spijkers and
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Walter 1985; Quinn et aL 1980)_ Specification of spatial aspects ap-
pears also a function of motor programming; reaction time (RT)
depends on extent and direction of an aiming movement (Rosenbaum
1980).
A fundamental property of programming is certainly that movement

parameters can be specified in advance of the imperative signal by a
way of preprogramming (e.g., Klapp 1977). Based on this property of
the programming process, precuing studies have shown by varying
systematically the advance information about movement variables, that
the defining characteristics of forthcoming movements need not to be
specified in a fixed order (e.g., Rosenbaum 1985). The question arises
then whether this flexibility of the motor-programming process regard-
ing the order of specification also applies to the degree in which motor
variables are specified in advance.
The first aim of this paper is therefore the question to what extent

preprogramming can incorporate information about the relative
frequency of a specific value of a movement variable, in that prepro-
gramming the high-frequent alternative is the predominant event at the
cost of the low-frequent alternative. Hence, several combinations of
relative frequency concerning the movement variable average velocity
(AV) will be investigated. The second aim concerns the phenomenon
that responses starting with the same initial element are initiated faster
than responses that differ in this respect. This phenomenon that after
Sanders (1970) will further be referred to as Response-specificity, has
been attributed to motor-programming processes (Sanders 1980b). Be-
cause it is very well plausible that the effect of Response-specificity
also reflects variations in the degree in which motor variables are
specified in advance, Response-specificity will be investigated under
different levels of relative frequency of average velocity and movement
direction. Within certain constraints the Additive Factor method has
proved to be valuable for preliminary theorizing on information-
processing stages (see Sanders (1983) for a full discussion). In order to
evaluate the mutual relations between the effects of the variables
investigated in this study the Additive Factor Logic is applied to
provide relevant evidence about their stage structure.
An imbalance of relative frequency usually results in shorter RTs for

the more frequent S-R pair and in longer RTs for the less frequent
S-R pair. The loci of relative frequency seem to be predominantly in
the later stages of the choice reaction process: Response-selection,
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Motor-programming and Motor-adjustment. On the one hand, there
are neglible effects of relative frequency on variables related to signal
encoding (e.g., Sanders 1970; De Jong and Sanders 1986). On the other
hand, there is a well-established interaction between effects of relative
frequency and S-R compatibility (Broadbent and Gregory 1965;
Sanders 1970), while more recently, Sanders (1980a) has found a
second-order interaction between the effects of relative frequency,
instructed muscle-tension and foreperiod duration. The interaction
between these last two variables supports the hypothesis that fore-
period-duration effects are related to Motor-adjustment i.e., the central
modulation of the state of readiness of the muscular system. From
these and other studies (e.g., Bertelson and Barzeele 1965; Holender
and Bertelson 1970) it is safe to conclude that relative frequency affects
at least Response-selection as well as Motor-adjustment.
There is also some evidence that relative frequency influences the

effect of variables that are supposedly related to Motor-programming.
In a study that examined a selective preparation interpretation of the
effect of key-press duration on RT, Klapp and Rodriguez (1982) found
that RT was longer prior to longer-lasting key-press responses for low
probability, unanticipated movements, whereas RT was independent of
response duration for high probability movements. The interaction
between response duration and relative frequency has been explained
in terms of preprogramming the high probability response in advance
of the response signal, whereas the low probability attributes require
(re)programming during the RT interval, thus prolonging the RT
interval. The present study used an aiming-movement task. The first
experiment basically replicated the Klapp and Rodriguez (1982) study,
with the difference that response duration was studied in an aiming
movement rather than in key-presses. The major reason for not using
key-press duration concerned the small main effect of this variable; the
difference between a short (150 msec) 'dit' and a long (300 msec) 'dah'
is usually about 20 msec, whereas 50 and 60 msec has been found in
studies varying the duration of an aimed sliding movement between
100 and 400 msec (Klapp and Erwin 1976; Spijkers and Steyvers 1984;
Spijkers and Walter 1985).
Another aspect of Motor-programming could be Response-specific-

ity. This refers to the extent a set of motor responses starts with a
common initial element (Sanders 1970, 1980b). One example concerns
vocal responses starting with either a common or a specific phoneme,
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e.g., 'ses' or 'sas' versus 'es' or 'as', as responses to a visually presented
E or A. Sanders (1970) found that vocal RT is shorter when responses
share the same initial phoneme. In this study he also observed that
Response-specificity affected RT independently of S-R compatibility,
while effects of relative frequency interacted both with those of Re-
sponse-specificity and of S-R compatibility. These results were taken
by Sanders (1980b) as support for a computational stage which he
called 'Motor-programming'. But, he admitted that the evidence was
very meagre and limited to his own results about Response-specificity.
In his 1980b paper Sanders suggested that Response-specificity might
be a more general phenomenon: 'One may imagine variation of Re-
sponse-specificity with pointing responses (i.e., the extent to which the
movement has a common vector), but to my knowledge this has not
been investigated' (p. 339).
A main purpose of the second experiment concerned a test of

Sanders' (1980b) programming interpretation of the effect of
Response-specificity. This can be tested by varying Response-specific-
ity in combination with average velocity and movement direction.
When the effect of Response-specificity is mediated by Motor-pro-
gramming, Sternberg's (1969) Additive Factor Logic predicts an inter-
action between the effects of Response-specificity, AV and movement
direction on choice RT. In addition, the relative frequency of both
movement variables was varied. Firstly, this offers the possibility to
replicate the interaction between .relative frequency and AV of the first
experiment. Secondly, when effects of both relative frequency imbal-
ance and Response-specificity reflect changes in the degree of prepro-
gramming these effects are expected to mutually affect each other. To
combine Response-specificity with AV and movement direction a
target-aiming task was employed with 3 targets at different locations
such that the angle between the movement directions was either 102.50

or 250• In addition to reaction time, movement time (MT)' and move-
ment accuracy were measured.

Experiment 1

Method

Task and apparatus
The task was a visual reaction task with AV as choice alternative. Subjects were

seated with their right shoulder opposite to a metal starting point (diameter: 0.6 ern).
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At the presentation of an imperative signal, they moved a light-weighted stylus (7.5 g)
from the starting point rightward to a metal target plate (width: 3.4 ern; length: 8.3
ern). In order to detect overshoots an adjoining light colored plate (3.4 X 8.3 ern) was
fixed to the right of the target plate. The starting point as well as the target- and
overshoot plates were mounted plane to the surface of a sloping response board. The
distance from the center of the starting point to the nearest edge of the target
amounted to 7 ern. The trajectory was followed while continuous contact was main-
tained between the stylus and the response-board surface. It should approach a straight
line parallel to the base of the response board.

At the top of the response board, 8.5 cm above the starting point three lights were
mounted in a horizontal array with a mutual distance of 2 ern. The left (white) light
served as warning signal (WS) and was visually separated from the two reaction signals
by means of a black line. A central (red) light and a right (white) light served as
reaction signals. Illumination of either one of the reaction signals started a reaction
time counter that was terminated when the stylus left the starting point. In turn, this
activated a second timer that was stopped when the stylus reached the target plate, thus
measuring movement time.

The order of signal presentation was preprogrammed on cards and read by. a
graphicard reader (JNSA pattern generator PO 8). This information was fed into
hardware logic for controlling the experiment. The duration of both the warning and
the reaction signal was 500 msec. There was a constant foreperiod of 1.5 sec and a
3.0-sec interval between the moment of termination of the reaction signal and the onset
of the next WS.

Procedure and design
A trial started with presentation of WS. For half of the subjects the red light

indicated that a fast movement of 100 msec (AV = 70 cmy'sec) should be executed
while the white light signalled a slow 400-msec movement (AV-17.5 crny'sec) . .The
reverse stimulus-response arrangement was used for the remaining subjects.

The independent variables were average velocity and relative frequency. AV was
varied by instructing the subjects to cover the trajectory either in about 100 msec
(tolerance range: 70-130 msec) or in about 400 msec (tolerance range: 280-520 msec).
The following combinations of relative frequency were allotted to the reaction signals:
0.80 vs 0.20; 0.50 vs 0.50 and 0.20 vs 0.80. These combinations were pseudo-rando-
mized such that ali 6 possible permutations occurred once while two permutations
occurred twice during the 3 experimental sessions.

Each subject performed four sessions. The first session was fully devoted to
practicing the sliding movements: subjects were trained to execute the movements
within the time limits and to minimize RT. During the practice session the signals
.indicating the movement velocity were equiprobable. A session consisted of 4 blocks of
60 trials each. The first block of each session was also considered as practice. so that
for each subject there remained 180 trials per session for analysis.

Subjects
Eight right-handed subjects (6 female and 2 male) from Tilburg University par-

ticipated. Their average age was 23.7 years (range: 21,--28 years). Irrespective of

- 102-



Response-specificity

Table 1
Percentage of errors for each relative frequency and AV condition.

Relative frequency

0.20 0.50 0.80

Av. velocity (crnysec)
70
17.5

9.0
8.7

7.5
9.6

9.1
8.6

whether participation emanated from a course requirement or was based on hourly
payment, all subjects received an extra financial bonus the amount of which depended
on their performance level. The main criteria for earning a bonus were short and
consistent RT and accurate performance.

Results and Discussion

Errors
Percentages of errors varied from 7.5% to 9.6% across the 6 conditions (see table 1),

but did not systematically deviate between conditions. Errors included incorrect AVs,
i.e., movement durations outside the tolerance limits, anticipation errors (RT < 100
msec), decision errors, i.e., incorrect AVs as to the signal but correct with respect to the
velocity, and overshoots. Overshoots and incorrect AVs accounted for 80% of the errors
in every condition.

Movement times
Average movement duration closely followed. the required duration. Table 2 shows

mean actual AVs for each relative frequency condition. The ANOVA showed of course
a main effect of AV (F(1, 7) = 964.7; p < 0.001). It also revealed a main effect of
relative frequency (F(l, 7) = 4.7; P = 0.28), yet only one subject showed a consistent
relation between relative frequency and AV for both fast and slow movements. The
negative relation between relative frequency and AV contradicts an explanation of the
RT effects to an RT -MT trade-off and suggests that both central and movement
execution processes are more efficiently organized when one response alternative is
prevalent.

Table 2
Mean actual AVs (cm z'sec) for each relative frequency,

Relative frequency

0.20 0.50· 0.80

Av. velocity (crnysec)
70
17.5

71.4 -
17.3

72.9
17.3

78.7
18.6
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Reaction times
Average correct RT as a function of relative frequency and AV is shown in fig. 1. A

repeated measurements ANOV A was carried out with the individual mean RTs as cells
and AV (2 levels), relative frequency (3 levels) and series (3 levels) as factors. All three
factors had a significant main effect: AV (F(I, 7) = 74.5; p < 0.001), relative frequency
(F(2, 14) = 19.7; p < 0.001) and series (F(2, 14) = 1l.3; p < 0.002). The decrease in
RT as a function of relative frequency appears larger for the slow than for the fast
condition viz., 139 versus 75 msec, which was substantiated by a significant relative
frequency X AV interaction (F(2, 14) = 5.5; p < 0.02). Klapp and Rodriguez (1982)
also found that a higher response probability was more advantageous for the slow' dah'
response than for the fast' dit ' response. Based on the additive relations which Spijkers
and Walter (1985) found between the effects of S-R compatibility, average velocity
and foreperiod duration, they argued that the effects of A V are most likely to be
attributed to Motor-programming. Following their reasoning the interaction between
relative frequency and A V suggests that relative frequency also affects Motor-program-
ming.

Contrary to the results of Klapp and Rodriguez (1982), the RTs of our study for
slow and fast movements did not converge to the same value at a probability of 0.80.
The RT of the slow movement remained about 50 rusec higher. It has been observed
that fast and slow movements are initiated equally fast when the probability equals 1.0
(Spijkers and Steyvers 1984; Spijkers and Walter 1985). Hence, it seems that the costs
of programming slow movements are so high that complete preprogramming occurs
only in fully certain conditions.

500
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u

'1:>,'"'" ,.s ,

'"
,,
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..= ,,
c:: 400 ,,0 ,
t; ,,
'" ,
'" ,a: ,,c:: 0'"'"~

300 - 70 em/sec
0---0 17.5 em/sec

.2 .5 .8
Relative Signal Frequency

Fig. 1. Reaction time for fast (AV 70 cmysec) and slow ·(AV 17.5 cmysec) movements as a
function of their relative signal frequency.
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Experiment 2

Method

Task and apparatus
The task was a 4-choice movement in which the response consisted of sliding a

pencil (16 g) from a start position to a target. A visual signal indicated velocity and
direction oi the sliding movement. In addition to the start position (0.5 x 0.5 ern) three
target areas were drawn on a plastic-coated paper that covered the response board: one
target to the right of the start position at 900 (Target C), the second to the right of the
medial plane through the start position at 12.50 (Target B) and the third to the left of
the medial plane at -12.50 (Target A). Perpendicular to the viewing direction and at a
distance of about 50 ern, a stimulus display was located containing 7 LEDs. A yellow
LED on the stimulus display, marked F in fig. 2, corresponded spatially to the start
position. It served as fixation point and as visual feedback signal for keeping the pencil
at the start position during the foreperiod. Two LEDs - a yellow and a red one - were
used for each movement direction to indicate the AV for the particular direction. The
configuration of stimulus display corresponded spatially to the target arrangement on
the response board. The stimulus display and the response board are schematically
drawn in fig. 2.

Subjects were seated on a comfortable chair in front of a desk and with their right
shoulder aligned with the start position. They were separated through a curtain from
the experimenter and control apparatus. The experimental room was dimly illuminated
and had a background noise of 50 dBA. The location of the visual stimulus indicated
which target to hit and the color of the stimulus indicated the required AV. The
distance between the center of the start position and the nearest edge of a target was 7
ern. Targets were 2 cm wide and 2.5 cm long. Fixation point and outer signals covered
a visual angle of 3.4 ", A 1000-Hz tone (500 msec; 65 dBA) served as the warning signal
(WS).

The response board contained an X- Y tablet (0.025 resolution) that enabled
monitoring the position of the pencil (see Teulings and Thomassen (1979) for a detailed
description). An LSI-2 computer controlled the experiment and sampled the X and Y
coordinates of the position of the pencil with a frequency of 1000 Hz.

Procedure and design
The independent variables Response-specificity, average velocity, direction,

velocity-probability; and direction-probability were studied in a within-subject design.
Three relative frequency pairs were used for both velocity-probability (PV el) . and
direction-probability (P Dir). These were 0.80 vs' 0.20, 0.50 vs 0.50 and 0.20 vs 0.80.
Direction (left vs right) and AV (17.5 vs 70 cmy'sec) were each varied on two levels.
The distance to be covered was the same for ail targets, so that AV could be calculated
from movement duration. The same 30% deviation criterion was tolerated as in
experiment 1. Response-specificity was varied by changes in the commonality of the
movement vector. It is clear -from fig. 2 that the commonality is high when the choice of
direction is between the upper left (A) and upper right (8) target, whereas the
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Fig. 2. Schematic representation of the display (panel A) and the response-board (panel B)
employed in experiment 2. See text for further details.

commonality is low when the choice is between the upper left (A) and right (C) target
areas. The former will be further referred to as the Aspecific condition and the latter as
the Specific condition.
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Subjects initiated each trial by positioning the pencil at the start position. The
warning signal was not presented before the pencil had contacted the start position for
at least 20 msec. If the pencil was moved outside the start position boundaries during
WS, the warning tone stopped and the trial restarted. Otherwise the imperative signal
was presented after a fixed interval of 3 sec. If the subject left the start position during
this interval a 2000-Hz error tone (65 dBA) sounded and the trial was restarted.
Reaction time was measured from the onset of the visual imperative signal until the
pencil passed the start position boundaries. When the pencil reached the nearest edge
of a target the movement time was calculated by way of the number of registered X- Y
samples. Upon arrival at the target area the stop position was calculated for assessing
the spatial accuracy. The stop location was arbitrarily defined as four successive
identical sample values.

The conditions were run in blocks of 50 trials. Movement direction and average
velocity were uncertain at each trial. Response-specificity was fixed within a block, but
was varied between blocks according to either an ABBAAB or BAABBA sequence in
which each letter represents a block of 50 trials.

Since the three relative frequency pairs of AV were combined with each of the three
relative frequency pairs of movement direction, 9 different two-by-two matrices were
obtained. Every matrix consisted of a relative frequency pair defining the probability
for each direction and a pair defining the probability for each velocity. For example, by
combining the relative frequencies of velocity, p(fast) = 0.20 and p(slow) = 0.80, with
those of direction, p(right) = 0.50 and p(left) = 0.50, a subject is confronted with a
condition in which the probability of the left or right slow movements is 0.40, while the
fast, left or right, movement each has a probability of 0.10. A particular matrix of two
relative frequency combinations was kept constant over a series of six blocks in order
to allow the subjects to adapt to each combination. In order to minimize transfer from
a previous combination the first two blocks of each series were considered as practice
and a minimal pause of 10 min was interspersed between series of different relative
frequency combinations. During this pause the subject was told which combination
would be used in the next series.

Training
Prior to the first series in the first session subjects were instructed and received 300

trials practice in order to get used to the experimental task and to learn how to make
the movements within their instructed duration. Six blocks of 50 practice trials were
given, 3 blocks for both the Aspecific and Specific condition. The order was coun-
terbalanced in the same way as in the subsequent experimental series. All subjects first
practiced the fast movement followed by the slow movement both for 100 trials. The
training was concluded with 100 trials in which AV was varied between trials, as in the
experimental part of the experiment. By excluding this training series and the first two
blocks of each series there remained 2150 trials per subject for analysis.

Control conditions
In addition to the 9 experimental series, four control series were constructed. The

purpose of the control series was to examine whether preprogramming the movement
variables depends on the-extent of a particular Response-specificity level. A control
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series consisted of two blocks of 50 trials for both the Specific and Aspecific condition.
Two of the four control series had constant velocity, the other two series had constant
direction. The upper left direction was the same for both levels of Response-specificity,
so only two blocks were run in this control series. If velocity was constant, the
probability of direction was 0.50 and vice versa.

For each subject a random order of the 9 experimental and four control series was
determined. The training phase and the 13 experimental series were arbitrarily divided
in 4 sessions such that each session lasted about 4 hours. In general, each session
consisted of about 18 blocks of 50 trials. Ample rest periods between blocks were given
as well as between series of different relative frequency assignments. Sessions were run
on different days. Assignment of color of the imperative signal to a particular
movement velocity was varied between subjects. Movement errors such as moving into
the wrong direction, stopping during the movement, target misses, being too fast or too
slow were assessed by way of an analysis of the sampled X- Y coordinates of the
movement trajectory.

Subjects
Eight right-handed subjects, 6 male and 2 female (mean age 24.4 years; range 22-29

yrs) participated and were paid on an hourly basis.

Results

Errors
RTs of less than 100 msec or longer than 800 msec were rare « 0.25%). About 1.3%

of the movements were in the wrong direction or missed the target. Movement-duration
errors, i.e., movement times less or greater than the boundary limits decreased as
probability of velocity (25.7%, 16.3%, 10.3%) or probability of direction (22.5%, 16.5%,
13.5%) increased from 0.20 via 0.50 to 0.80. This pattern of errors is contrary to a
speed-accuracy explanation of the results. Fast movements were more often incorrect
(23.3%) than slow movements (11.2%), but across Response-specificity conditions these
types of errors were about equally frequent. Trials in which an RT- or movement-dura-
tion error was made, were discarded from analysis.

Reaction times
Only RTs of movements to target A were analysed, because these were shared by

both levels of Response-specificity. Although this implies a drastic (50%) data reduc-
tion it excludes possible differential biomechanical effects between movements, since
the movements to target A are identical in both the Specific and Aspecific conditions.
Fig. 3 shows the mean RTs of the movements to target A per condition averaged over
series. An ANOYA was applied to the individual means of the correct RTs. All
independent variables had a significant main effect. The movement to target A was
initiated 14 msec faster as part of the Aspecific condition than as part of the Specific
condition (F(l, 237) = 8,3; p < 0.01). Although the effect is small, 72% of the individ-
ual cell means for the left movement showed that RTs for movements executed in an
Aspecific context were shorter than RTs for movements made in a Specific context.
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Fast movements started about 59 msec earlier than slow movements (F(l, 237) = 142.9;
p < 0.001) and the effect of probability was significant for both average velocity
(F(2, 237) = 52.4; p < 0.001), and direction (F(2, 237) = 45.7; p < 0.001). None of the
interactions with Response-specificity was significant.

With respect to the effects of varying the relative frequencies of average velocity and
direction several observations were made. An increase in relative frequency of AV was
more advantageous for the initiation of slow movements than of fast movements
(F(2, 237) = 5.8; p < 0.01). The velocity effect was smaller with a lower PDir as
compared to a high PDiL However, the interaction between velocity and PDir was
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only marginally significant (p = 0.06) because PDir affected mainly the latency of
slow movement. The interaction between PVel and PDir revealed that the effect of
increased certainty about the velocity of the movement is more pronounced as certainty
about the direction also increases and vice versa (£(4,237) = 2.4; p < 0.05). In fig. 3 it
can be observed that the effect on RT of increasing PVel from 0.20 to 0.50 is virtually
absent, while RT is strongly reduced when the probability of the velocity increases
from 0.50 to 0.80. Regarding the effect of increasing PDir the picture is reversed;
increasing PDir from 0.20 to 0.50 quite strongly reduces RT, but a further increase to
0.80 has only a slight effect on RT. Under identical conditions of direction probability
(PDir = 0.50), a PVel of 0.80 reduced the RT of fast movements (345 msec) almost to
the control condition level (322 msec), whereas for slow movements the RT at a PVel
of 0.80 (396 msec) was well above the control level (330 msec).

Separate ANOVAs for the Specific and Aspecific conditions, and thus including
either target B or C, showed main effects (p < 0.001) for AV (59 vs 60 msec), PVel (51
vs 49 msec) and PDir (34 vs 40 msec). Between parentheses the size of the effect is
given for the Specific and Aspecific conditions respectively. Direction of movement
was not significant. This indicates that the effect of Response-specificity which was
found in the analysis of the left movements is not due to a trade-off between the left
movement and the alternative - right - movement. Mean RTs for right and left
movements were 402 vs 405 msec in the Aspecific condition, and 411 vs 419 msec in the
Specific condition, respectively. The interaction between AV and PVel was also
significant (p < 0.01) corroborating the earlier analysis. Both the ANOVA on the
Specific and Aspecific conditions showed an interaction between direction and PVel
such that movements to target A were more sensitive to changes in probability of
direction than those to either target B or C (p < 0.01). The interaction between PVel
and PDir was only significant in the Specific condition (p < 0.01). If the movements
do not sizeably differ in direction then changes in PDir do not enlarge the PVel effect.

Particularly relevant for a comparison with Sanders' (1970) data are the effects of
PDir on the RTs of the Aspecific and Specific conditions. Increasing PDir from 0.20
to 0.80 reduced the RT of the Aspecific and Specific conditions to about the same
extent viz., 51 and 62 msec. Estimated from Sanders figures the increase in probability
from 0.15 to 0.55 reduced the RT with values of about 16 and 45 msec for his
compatible common phoneme and specific phoneme conditions, respectively. From this
comparison it is clear that in the present study the effect of probability only deviated in
the Aspecific condition.

Control conditions
Movements with a known direction but an uncertain AV, showed the usual velocity

effect, i.e., fast movements were initiated faster (about 70 msec) than slow movements.
This velocity effect was present at all three directions: for upper left, upper right and
right directions the RTs for fast and slow movements were resp. 327 vs 391, 342 vs 415
and 338 vs 411 msec. In the control condition where only direction was varied, no
velocity effect was found (see table 3). This supports the idea that subjects are capable
of preprogramming the velocity attribute (e.g., Spijkers and Walter 1985). Disap-
pearance of the velocity effect in this control condition counteracts the argument that
the velocity effect is solely due to measurement artifacts-of the recording apparatus.
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Table 3
RTs (in msec) for fast and slow movements in the control conditions of Specific and Aspecific
movement alternatives in which AV was either fixed (simple AV) or was varied per trial (choice

AV).

Simple AV Choice AV

Average Velocity Average Velocity

70 17.5 70 17.5

Specific 328 339 327 391
Aspecific 316 322

Difference 12 17

The small nonsignificant increase in mean RT of 9 msec for the slow movements in the
control condition, i.e., simple AV, may be ascribed to an artifact of the initial part of
the slow movement, i.e., a slower travelling out of the starting position. Yet, a
procedure in which the RT is fractionated in premotor and motor times would offer a
better way to assess the effect of AVon central motor programming processes (e.g.,
Christina and Rose 1985). In table 3 it is also shown that movements in the Specific
condition were initiated about 15 msec slower than movements of the Aspecific
condition (F(l, 49) = 3.9; p < 0.05).

Movement times
With respect to the left movements the factor AV evidently affected movement time

(F(l, 244) = 1513.3; p < 0.001). Subjects attained the instructed durations quite well.
Across conditions the averaged MTs ranged from ,95 to 115 msec for the 100-msec
duration and from 366 to 407 msec for the 400-msec duration. On the average,
movement times in the Specific condition were slightly slower than those in the
Aspecific condition (F(l, 244) = 7.9; P < 0.01). The interaction between Response-
specificity and AV (F(!, 244) = 4.6; P < 0.05) indicated that the difference between
Response-specificity conditions was largest for the slow movements. Neither PVeI nor
PDir affected MT significantly. A separate analysis of the MTs under both Response-
specificity levels showed that left movements had longer MTs than right ones and
furthermore that this difference was stronger for the slow movements (F(1, 243) = 20.3;
p < 0.001).

Stop locations
If target edges perpendicular on the movement direction are. taken as reference

point, then it took subjects about 17 mm to come to a stop. Inspection of the
stop-coordinates of the left movements revealed IIU effect of the conditions .e:-;ceptfor "
minor deviation at the PVeI = 0.20 condition: the stop location of this PVeI condition
was 3.5 m further away than that of the other two levels of PVel. Spijkers and Sanders
(1984) have argued that spatially accurate and inaccurate movements have different
forms of response organisation so that one should be cautious in interpreting RTs. for
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movements that widely differ in spatial accuracy. Because the stop locations showed
only slight differences between conditions, it is unlikely that the results are affected by
differential trade-offs between speed and spatial-accuracy.

Discussion

Two conclusions can be drawn from the results of both experiments.
Firstly, specification of movement variables in advance by preprogram-
ming can be carried out in a gradual fashion. The degree in which this
is performed seems to depend upon at least two factors: (a) the
probability of the movement variable itself, and (b) the probability of
other movement variables. Secondly, variation of the commonality of
the initial element of a response, i.e., Response-specificity, seems not to
affect Motor-programming processes, but has its influence on another
processing stage. In the following paragraphs both conclusions will be
elucidated in greater detail.

Effects of probability

The results of both experiments replicate and extend the finding that
increasing the probability of velocity reduces the RT for initiating a
movement of that velocity as well as the finding that the RT to initiate
a slow movement is more reduced than that of a fast movement (cf.
Klapp and Rodriguez 1982). So, probability appears to affect the
degree of preprogramming in that a motor-program variable with a
high probability leads to more preprogramming than with a low
probability. This suggests that Motor-programming is not only flexible
with respect to the order in which variables are programmed (e.g.,
Rosenbaum 1985), but also to the degree in which programming can be
performed in advance. The fact that RT preceding fast as well as slow
movements varies inversely with response probability excludes the
possibility that the velocity effect is due to selective preparation of a
fast movement.
Preprogramming a movement variable appears also to depend on the

degree that an additional movement variable must be preprogramrned.
Fitts and Deiniger (1954) named this phenomenon Response-Response
compatibility. Thus, as is shown in the interaction between PVel and
PDir, if subjects are more certain about direction then preprogram-
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ming of velocity is facilitated and vice versa. This interdependence
suggests that, at least for velocity and direction, programming of
different features takes place in close cooperation. This modifies the
notion of parallel processing of programming AV and movement
direction as proposed by Spijkers and Steyvers (1984); programming
seems to consist of interactive rather than of fully parallel processes.
How may the interactive relation between programming direction

and velocity be envisaged? Based on the present results it appears that
the degree of preprogramming velocity is small when the probability is
relatively low, whereas the reverse is observed for preprogramming of
direction. This suggest that programming direction is less demanding
than programming velocity. Adjusting the value of direction parame-
ters to a less expected alternative is less time-consuming and appears
relatively simple. This may reflect that changes in direction are quite
common in daily activities resulting in a flexible way of controlling the
direction parameter. This idea is in agreement with the absence of a
main effect of direction. The velocity effect increased with PDir which
indicates that the programming of direction is dominant at low PDir
values, while the reverse is true at higher PDir values. This suggests
that programming velocity awaits some direction information before
the programming can be started. Furthermore, it seems that the higher
demands of programming low velocities prevent complete preprogram-
ming in highly probable, but still uncertain situations, because only the
control conditions in which velocity was 'completely certain showed
that both slow and fast movements were initiated equally fast.

Locus 0/ Response-speci/icity

A .central question of this study is whether Response-specificity
affects Motor-programming. The main effect of Response-specificity
shows that apparently the manipulation of the angle between the
response alternatives of a pointing movement affects the extent of
advance preparation of common elements. The question whether or"not
this difference in advance preparation originates from presetting
parameters in Motor-programming, can be approached with the ~d-
ditive Factor Logic (Sternberg 1969). Because no interaction was found
between Response-specificity and any of the motor programming varia-
bles, i.e., AV and movement direction, application of the Additive
Factor Logic suggests that Response-specificity did not affect the

- 113 -



Response-specificity

Motor-programming stage. Proceeding from the stage structure as
proposed by Sanders (1980b), there remain two possible alternatives for
the Response-specificity effect: Response-selection and Motor-adjust-
ment.

Response-selection

It has been demonstrated that procedural factors relating to the
spatial compatibility of stimulus-response mapping, can influence the
effect of a motor variable (Goodman and Kelso 1980; Larish 1986;
Zelaznik et al. 1982). In the present experiment a compatible mapping
between display and target arrangement was used (see fig. 1). Hence, it
seems unlikely that the effect of Response-specificity originated from
differences in spatial S-R compatibility, that is from Response-selec-
tion processes. The.original finding of Sanders (1970) that the effect of
vocal Response-specificity was additive to that of S-R compatibility, is
the only empirical evidence which argues against an explanation of the
Response-specificity effect in terms of Response-selection processes.
Replication of this additive effect with the present experimental set-up
is thus needed.

Motor-adjustment

There are two lines of evidence suggesting involvement of the
Motor-adjustment stage in the Response-specificity effect; one line is
related to the locus of the effect of amphetamine on RT (Frowein 1981)
and the other one is concerned with the effects of foreperiod duration
(Semjen et al. 1978). Frowein (1981) found a significant interaction of
the effects of amphetamine and time uncertainty, but only in settings
that were characterised by Response-specificity, such as the Fitts and
Peterson task (1964). In a setting with little Response-specificity, i.e.,
forward pointing, the interaction disappeared. Although the results of
Frowein point to a relation between Response-specificity and time
uncertainty, yet the argument is not totally solid since it bears on
different experiments. More direct support comes from the study of
Semjen et al, (1978). They found an interaction between the effects of
foreperiod duration and angle of movement direction (450 versus
1350). The form of this interaction was such that the beneficial effect
of getting more certain about the moment the imperative signal ap-
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pears, was greater for the direction alternatives which covered the small
angle, i.e., the Aspecific condition in our terms.

Motor adjustment is supposed to modulate the readiness of the
muscular system (Sanders 1980b; Naatanen and Merisalo 1977; Spijkers
and Walter 1985), which is illustrated nicely in the interaction between
foreperiod duration and Instructed muscle tension found by Sanders
(1980a). Frowein (1981) has argued that the Motor-adjustment stage
also constitutes the first part of response execution, i.e., the muscular
processes occurring during the RT interval which are necessary to
initiate the response. Hence it could be that response alternatives with
a common direction vector allow a higher=activation of the response-
relevant muscles or are closer to the Motor-Action Limit (Naatanen
and Merisalo 1977). A critical test of this view would be a study in
which Response-specificity and foreperiod duration are varied concom-
itantly.

Should it be concluded that Sanders' vocal Response-specificity
variation only tapped Motor adjustment? Considering the magnitude
of the effect of Response specificity in pointing responses observed in
the present study, it may be that the manipulation of vocal Response-
specificity by Sanders also involved another stage in the reaction
process. His way of manipulating Response-specificity as well as the
relative frequency imbalance he used, may have caused that in the
specific phoneme condition not only the pre-activation of the articula-
tory muscles was low, but also that some additional programming had
to be carried out. Thus, it is suggested that the Response-specificity
effect found by Sariders tapped two components: one originating from
Motor-adjustment processes and the other from Motor-programming
processes. The interaction between relative frequency and Response-
specificity which Sanders found, but which could not be replicated
here, may therefore be reinterpreted as originating from the motor
programming component of his Response-specificity effect.'
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Response-specificity and motor adjustment

The relation between Respons- specificity, Foreperiod Duration

and S-R compatibility in a 4-choice target aiming task.

Abstract

Two experiments are reported aiming at further understanding of the

effect of response-specificity, operationalised as the degree of

commonality of direction of movements. In a previous study Spijkers

(1987) has claimed that response-specificity affects the readiness of

the motor system and is not related to response-selection processes.
These suppositions were confirmed in experiments 1 and 2 respectively.

Common to both experiments were the movement variables average velocity

and response-specificity. In experiment 1 the effect of the additional

variable foreperiod duration was found to interact with that of

response-specificity, hereby confirming its expected relation to the

muscular system. The effect of Response-specificity did not interact

with that of spatial S-R compatibility in the second experiment, but

also failed to show up a main effect. Implications for the
interpretation of response-specificity effects are discussed.
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Introduction

Recently Spijkers (1987) has argued that response-specificity defined as

degree of commonality in direction of movement alternatives in a target

aiming task affects the level of preactivation of the muscular system.

In his study subjects performed a reaction task in which average

velocity (AV) , relative frequency of the AV and movement direction were

varied together with either Specific or Aspecific response conditions.
Specificity of the response condition was operationalised as the angle

between two movement directions which was either large (Specific
condition) or small (Aspecific condition).

Spijkers' (1987) interpretation that response-specificity effects

are related to the extent the muscular system is activated, is at

variance with the view proposed by Sanders (1980a). In his review on

stage analysis of reaction processes, Sanders suggested that response-

specificity affects motor programming. However, if response-specificity

is related to the level of activation of the motor system, then this

factor affects motor-adjustment, rather than motor programming. A short-
coming in Spijkers' argument was that he based his conclusion almost

exclusively on results of studies not specifically aimed at this

question (i.e. Semjen, Requin and Fiori, 1978; Frowein, 1981). The aim

of the present study was to provide direct experimental evidence for the
motor-adjustment interpretation of the effect of response-specificity

and to validate its independence of response-selection processes.
\

In the linear stage analysis of choice reaction processes, at least

six information processing stages have been identified: signal prepro-

cessing, feature extraction, signal identification, response selection,

motor programming and motor adjustment ( for a more detailed discussion

see Sanders 1980a). It has frequently been shown that the effect of
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varying the time elapsing between a warning signal and reaction signal,

usually called foreperiod (FPO), affects the extent one is prepared to

react (e.g. Klemmer 1956; Naatanen and Merisa10 1977; Sanders 1970).

With respect to the locus of this effect ample evidence exists which

points to the last phase of the information processing. Because the task

factors affecting the proceSSing stages response-selection (Broadbent

and Gregory 1963; Frowein and Sanders 1978 ) and motor programming

(Spijkers and Walter 1985) are not related to the effect of FPO, and

because level of muscular activation has to do with the FPO effect

(Sanders 1980b), it reasonably to assume that the effect of FPO is
largely restricted to the motor-adjustment stage.

If Spijkers (1987) is correct in his hypothesis that both response-

specificity and foreperiod duration affect the motor-adjustment stage,

then the Additive Factor Method (Sternberg 1969; Sanders 1980a) would

predict an interaction between these variables. The hypothesis can be

formulated more precisely because also direction of the interaction can

be predicted. A high level of preparation requires controlled processing

(Posner and Snyder 1975a; 1975b) which can only be sustained over a

relatively short period of time (Alegria 1974). So, one can expect

that the advantage of a more activated muscular system in the Aspecific

condition, will only be found in case of a short FPO. The resulting

shorter reaction time (RT) for responses in the Aspecific conditions

will diminish when presentation of the imperative signal is delayed as

with a longer FPO. Average velocity was included as a third independent

variable to further confirm previously observed additive relations

between effects of AV and FPO (Spijkers and Walter 1985) and AV and
response-specificity (Spijkers 1987).

On the basis of the compatibility of the stimulus-response rela-

tionships in his experimental setting a response-selection interpret-
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ation of the effect of response-specificity was refuted by Spijkers

(1987). Experimental validation of this refution was the aim of the

second experiment. Herein the spatial compatibility between stimulus

and target location was varied, in addition to response-specificity and

AV. The effect of stimulus-response (S-R) compatibility on response-

selection processes is well-documented (e.g. Sanders 1980). When

response-specificity affects response-selection processes, an inter-
action between the effects of this variable and of S-R compatibility is

expected. Again, on the basis of previous research effects of AV should

be additive to those of response-specificity (Spijkers 1987) and of S-R
compatibility (Spijkers and Walter 1985). In order to examine the
generality of the variation of response-specificity the arrangement of

the movement alternatives was slightly modified in the second

experiment. However, the values of the angles between movement alter-

natives were kept constant.

Experiment 1.

Method

Task and Apparatus. The task was a 4-choice target aiming task. The

response consisted of sliding a pencil (10 g) with an instructed AV from

a start position to one of two targets. A visual signal indicated

velocity and direction of the sliding movement. In addition to the start

position (0.3 x 0.3 cm) three target areas were drawn on a piece of
paper under a glass-plate that covered an X-V tablet; one target to the

right of the start position at 90° (Target C), a second one to the right

of the medial plane through the start-position at 12.5° (Target B) and a

third to the left of the medial plane at -12.5° (Target A). Perpendi-

cular to viewing direction and at a distance of about 40 cm, a stimulus

display was located containing 7 LEOs. A yellow LED on the stimulus

- 123-



Response-specificity and motor adjustment

display, marked F in Figure 1, corresponded spatially to the start

position. It served as fixation point and as visual feedback signal for

keeping the pencil at the start position during the foreperiod. The

position of a pair of LEOs - a green and a red one - indicated movement

direction and colour the AV for that particular direction. Configuration

on the response-board (see Figure 1).
of the stimulus display corresponded spatially to the target arrangement

A: Display

o o

• ! .
25 :

t
F ---------------_e 0

25

8: Response Board

Target Target
A B

T

70 I
t

Start-position [}---- -- _

1--------------------------1
70

Target

c

Figure 1. Schematic representation of the display (panel A) and
the response-board (panel B) as employed in experiment 1. In
experiment 2 Target B was shifted in clockwise direction towards
Target C and the display was rearranged accordingly. See text for
further details.
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Subjects were seated on a comfortable chair in front of a desk with

their right shoulder aligned to the start position. Distance between

center of the start position and the nearest edge of a target was 7 cm.

Targets were 2 cm wide. The fixation point and the outer signals covered

a visual angle of 3.4°.
The response-board contained an X-V tablet (Kurta; 0.025 cm

resolution) that enabled monitoring the position of the pencil. A

computer (PDP 11-23) controlled the experiment and stored the X and Y

coordinates of pencil position which were sampled with a frequency of

200 Hz.
Procedure and design. Subjects initiated a trial by positioning the

pencil at the start position. A computer generated auditory warning

stimulus (WS;1000 Hz) preceeded each imperative signal. WS was followed
by a foreperiod of either 2 or 10 sec that was fixed during a series. AV

(17.5 vs 70 cm/sec) was indicated by the colour of the visual imperative

signal, while its location on the display denoted the direction of
movement: forward left vs forward right or forward left vs lateral

right. AV was varied by instructing subjects to cover the trajectory in

either about 100 msec (tolerance range: 70- 150 msec) or in about 400

msec (tolerance range: 280 - 520 msec). In the Specific condition the

angle between the direction of the two movement alternatives was 112.5°

(Targets A vs C), whereas in the Aspecific condition this was 2~

(Targets A vs B).
Illumination of either one of the imperative signals started a

reaction timer. RT was terminated when the pencil left a small spot
less than 0.1 x 0.1 cm) within the start position area. The coordinates

of this spot were calculated on the basis of the actual position of the

stylus 20 msec before presentation of an imperative signal. By this

redefinition of the start position the distance is reduced across which
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the stylus has to be moved in order to cross the point at which the

reaction timer is stopped. Through the improvement of measuring the RT,

it includes less 'movement' time then in the case of the original larger

start position. The determination of the reduced spot a few milliseconds

before the presentation of the imperative signal prevented that slight

changes in stylus position during the FPD inadvertently resulted in

premature reactions as a consequence of the sensitivity of the

digitizer tablet. When passing the spot boundary a second clock started

which measured the movement time. This timer stopped when the pencil

reached the nearest target edge or after 1 sec, in case of a missed
target.

The independent variables response-specificity, average velocity

and foreperiod duration were studied in a within-subjects design. The

experiment was conducted on two days; one day for each response-speci-

ficity condition. On both days subjects took part in 6 experimental

series after an extensive training period. During a series each of the

four imperative signals - i.e. two directions and two AVs was

presented 13 times. Signals were randomly distributed within a series

with the restriction that each signal occurred equally frequent. In
addition, two trials preceeded and followed the 52 experimental trials.

Across the 12 experimental series a counterbalanced sequence (ABBA or

BAAB) of the two FPD conditions was repeated three times. Care was taken

that half of the subjects started with the short FPD and the other half

with the long FPD. The same applied to the response-specificity
conditions.

Training. On

given. During

training one

experimental

the first day 10 series of 56 practice trials each were

series one to six each series was completely devoted to

particular AV. The last four series were equal to the
series and were practiced under both FPD conditions.
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Because response-specificity was changed on day two. three additional

practice series preceeded this experimental phase in order to accustom

subjects to that particular response-specificity condition.
Subjects. Twelve students of Aachen University (6 female. 6 male) parti-

cipated. Their age averaged 27 years (range 22-31 years) and they were

paid 75 DM for their cooperation.

Results
The left movement was involved in both response-specificity

conditions. Therefore. the main analyses were restricted to the data of
the left movements. For the sake of completeness and in order to examine

whether the predicted effects might be dependent on biomechanical

differences between the movements alternatives. the right movements were

also analysed. but in less detail.
Reaction times. In both specificity conditions reaction times greater

than 800 msec occurred in less than 1% of the trial~. Table 1 presents

RTs and movement times for the left forward movements averaged over

subjects and series. A 2 (response-specificity) x 2 (AV) x 2 (FPD) ANOVA
revealed that the interaction between the effects FPD and of Specificity

was significant (F(l.ll)= 5.09; P < 0.05). The direction of this

interaction was in line with the expectation that the short FPD

condition had a larger Specificity effect (26 msec) than the long FPD
9 msec). Main effects of FPD (54 msec) and AV (78 msec) were also

significant (p < 0.001). As was previously found (Spijkers and Walter

1985) effects of AV and FPD were additive.
Although the response-specificity ~ffect was larger when compared

the previous experiment (see Spijkers 1987). it turned out that.

contrary to that study. the main effect of response-specificity did not

reach the 0.05 significance level (F(1.11) = 2.25. p = 0.16). The
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Table 1. Reaction times (top panel) and movement times (bottom
panel) of the left movements of Experiment 1 for both
Specificity conditions, average velocities and
foreperiod durations.

Reaction times (msec)
Average Velocity (cm/sec)
70 17.5
Foreperiod duration (sec)

2 10 2 10
specific 394 433 463 514aspecific 367 424 438 50527 9 25 9

movement times (msec)
specific
aspecific 134

127
132
128

394
394

392
389

observation that in the long FPO condition the response-specificity
effects was reversed for five out of the 12 subjects, may account for
the absence of a main effect.

The same pattern of results was obtained for RTs of the right
movements. Here it was also found that the Specificity effect was
smaller (4 msec) for the long FPO than for the short FPO (20 msec).
Movement times. Subjects attained instructed AVs quite well, but had
trouble executing the left fast movement within the specified time
range. This can be observed in the high percentage of movement duration
errors and the relatively long movement times for the AV 70 em/sec.
which had to be around 100 msec (see Table 1). An ANOVA with AV, FPO and
response-specificity as factors revealed only significant AV effects
(F(1,l1) = 1760.8; p< 0.001).
Movement duration errors. With respect to instructed movement times
fast movements were more often temporally incorrect (24.9%) than slow
movements (10.7%). It was observed that in the Specific condition more
duration errors were made (39.2%) than in the Aspecific conditipn
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(32.2%). Movement durations preceeded by a long FPD (37.5%) were
somewhat less precise than those preceeded by a short one (32.8%).

Trials in which an error occurred were discarded from analysis. Although

the percentage of incorrectly timed movements is high, it should be

noted that conditions with a long RT were accompanied by a high error

score which argues against a speed-accuracy explanation of the effects.

Experiment 2
Method

Task and apparatus. Except a change in the arrangement of the 3 target
areas and a corresponding rearrangement of the stimulus display, task

and apparatus were identical to those of experiment 1. Change of the

target arrangement consisted of a shift of Target B in the clockwise

direction to Target C over a distance 52.5 degrees. In this wayan
angle of 25 degrees was obtained between targets Band C, which now

formed the Aspecific condition. The arrangement for the Specific

condition remained the same.
Procedure and design. Compatibility of the Stimulus-Response

relationship was varied. The incompatible S-R condition was obtained by

instructing the subjects to move to Target C when in the specific

condition the stimulus light for Target A and in the aspecific condition

the stimulus light for Target B was illuminated; at the stimulus light

for Target C, they should move to Target A or Target B depending on

Specificity condition.
The variables response-specificity and S-R compatibility were

varied in blocks. Each subject participated on two consecutive days.

Response-specificity was varied between days. whereas S-R compatibility

was varied between blocks of 6 series within a daily session of 12
series according to an AB or BA sequence. Response-specificity and S-R
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compatibility were completely counterbalanced across subjects.

subject started the first day with the compatible condition,

received the incompatible one on the second day and vice versa. Four

subjects started with Specific condition, the remaining four with the
Aspecific condition.

Per combination of Response-specificity and S-R compatibility one

block of 6 series were given the first two of which were considered as

practice. In between two blocks there was an ample rest period. A series

consisted of 56 trials of which the first and last two were not

analysed. The two levels of Average velocity and movement direction were
randomly distributed over the remaining 52 trials with the restriction

that each combination was thirteen times repeated. In a particular

direction a subject made 78 movements per condition.

Prior to the experiment subjects were trained to execute the

movements in the prespecified times. They received three series for

practicing the fast movement and 2 series for the slow movement. If
necessary this practice period was prolonged.

Subjects. Eight students (four female and four male)

University of Technology, ranging in age from 22

participated in the experiment. They received 45 DM.

If a

(s)he

of the

to 29

Aachen
years,

Results

Principal interest was in the right movement ( Target C) because
this was shared by both Specificity conditions.

Reaction times. About 2.2% of the trials were discarded because of a RT

of more than 1000 ms or of a movement in the wrong direction. This

latter occurred more often in the incompatible condition. Mean

individual RTs per series were used as cell entries for a repeated

measurement ANOVA with response-specificity (2), S-R compatibility (2),
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average velocity (2) and series (4) as factors. RTs preceding a fast

movement were 101 ms shorter than those preceeding a slow movement

(F(l,7)=39.44; p < 0.001). Compatible reactions were 53 msec faster

initiated than incompatible ones (F(l,7)= 19.95; p<O.003). A small
practice effect of 12 ms was revealed by series (F(3,21)=3.04; p=0.052).

Neither response-specificity nor any of the interactions proved to be
significant. Inspection of Table 2 shows that a negative Response-

specificity effect was present in the incompatible fast movement

condition, whereas no effect could be observed in the other ones. This

Table 2. Reaction times (top panel) and movement times
panel) of the right movements averaged over
and subjects of experiment 2.

(bottom
series

Reaction times
Compatible Incompatible

Average Velocity (cm/sec)
70 17.5 70 17.5

specific
aspecific

378
377

477
479

413
447

535
530

Movement times
specific
aspecific

115
114

391
383

126
111

383
377

particular condition was also accompanied with the highest score of

movement duration errors (see Table 3). A closer inspection of the

individual data revealed that four subjects had an unequal distribution

of this type of errors over conditions. Disregarding the data of these

subjects did the negative response-specificity effect disappear. An

ANOVA on the RTs for the "left" (Targets A and B) movements yielded to

the same outcomes as for the right movement.
Analysis of the movement times revealed of course a significant AV
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effect. but it was also found that MTs for the Specific condition tended
to be slower (F(1.3) = 5.18; p = 0.057). Movement time data averaged
over series and subjects for the right movements are presented in the
bottom panel of table 2.
Movement duration Errors. In general less errors were made in the
Specific condition (see Table 3). The high incidence of duration errors
(26.9%) in the incompatible AV 70 condition caused that the mean
percentage of duration errors was higher in the Specific condition
(14.5%) than in the Aspecific condition (12.4%).

Table 3. Percentages of movement duration errors for the right
movement as function of S-R compatibility, Average
Velocity and Response-specificity.

Compatible Incompatib1e .

Average Velocity (cm/sec)
70 17.5 70 17.5

spec if ic
aspecific

5.0
9.1

14.2
16.1

26.9
8.4

12.0
15.9

Discussion
The findings from both experiments are in agreement with the

previous interpretation of Spijkers (1987) that effects of response-
specificity are related to a late stage in movement preparation: His
prediction that the effect of response-specificity would interact with
that of foreperiod duration.was confirmed in the first experiment. In
addition, no interaction between Response-specificity and S-R
compatibility was found in the second experiment.

The concept of preparatory state has often been coined to explain
longer reaction times observed after long intervals between warning and
imperative stimulus. It is usually argued that in those cases subjects
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are less prepared for reacting because they are uncertain about the

moment the imperative signal appears. An attempt to operationalize the

concept of preparation has been advanced in terms of muscular activation

level (Naatanen and Merisalo 1976; Sanders 1980b). From the form of the

interaction between effects of instructed muscle tension and foreperiod

duration Sanders (1980b) inferred that at long preparatory intervals

muscle tension is kept low. If foreperiod effects reflect changes in

muscular activation and an effect of response-specificity is only found

at states of high activation, it may be concluded that the effect of

response-specificity is also mediated by the muscular system. In an
Aspecific context more motor elements are shared between both responses

and hence, it is easy to keep these common muscular elements activated.

This is only performed when the preparatory interval is short because

keeping up a high level of preparation is adverse and inefficient in

terms of energy expenditure.
However, the concept of response-specificity seems to involve more

than only the number of common motor elements. The second experiment
suggests that this effect is also sensitive to the type of movements

involved in the manipulation of this variable: changing the Specificity
context for the lateral movement in the second experiment was not

accompanied by differential effects. An explanation in terms of
selective preparation of that particular movement alternative in both

Specificity conditions can be rejected. A strategy of selective

preparation would imply longer RTs for the other movement alternatives.

However, reaction times for the three movement directions were not

different.

Another

spec ificity

other words

possibility to explain the absence of a

effect may be that subjects did not prepare at

the muscle system was kept lowly activated
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co~ditions. A pilot study conducted prior to the second experiment did

not corroborate this explanation; yet it confirmed the sensitivity of

the response-specificity effect to type of responses involved. This

pilot aimed to examine the response-specificity effect under extreme

Specificity conditions and even showed a negative response-specificity

effect i.e. the common movement is faster initiated when it is

accompanied by a movement in the opposite direction. Such an effect

cannot be explained by a lack of or by a selective preparation

hypothesis because in that case one would not expect a specificity

effect at all. In the pilot study the Specific condition was realized
by choosing a left movement opposite to Target C, while the Aspecific

condition was similar to that used in second experiment. The right

movement was found to have a shorter RT in the Specific context than in
the Aspecific condition.

Thus a major conclusion seems to be that varying the angle between

movement directions is not sufficient for the occurrence of the
response-specificity effect. An important factor appears to be the

nature of the movement, that is the way muscles are functionally

organised in producing the movements in question. In fact this is in

line with the above stated conceptualization that the response-

specificity effect is muscle related. However, further work is needed to
clarify the mechanisms involved.

The additive effects of AV and foreperiod duration (first

experiment) and of AV and S-R compatibility (second experiment)

replicated findings of a previous study in which the mutual effect of

these three factors were investigated in one experiment (Spijkers and

Walter 1985). This means support for a model of response preparation

which assumes that an abstract code for the selected movement is
retrieved in the response-selection stage which is subsequently
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parameterized in the motor programming stage. The last stage prior to

response execution involves readying the muscular system and is

sensitive to changes in muscular activation which can be preset before

stimulus presentation (e.g. Sanders 1983). Task factors which act upon

these processing stages are S-R compatibility, average velocity and

foreperiod duration, respectively. Response-specificity may be added as

a task variable affecting this last stage, labelled motor adjustment. In

the area of handwriting research a corresponding linear stage model has

recently been proposed by Van Galen and Teulings (1983).
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Rapid-timing and single-aiming

Effects of average movement velocity on

reaction time and spatiotemporal accuracy in

single-aiming and rapid-timing movement tasks

Abstract

Effects of instructed movement speed were investigated in two

experiments. In the first experiment the movement tasks rapid-timing and

single-aiming were compared. Contrary to rapid-timing. single-aiming

implies a spatially accurate movement termination. The aim of the first
experiment was tw~fold: (1) examination whether the requirement of

accurate movement termination in single-aiming affects the negative

relationship between instructed average velocity and reaction time found

in rapid-timing. and (2) a test of the movement speed-accuracy

relationships predicted by the symmetric impulse variability model for

these movement tasks. To this purpose four average velocities CAV).

i.e. 5. 25. 75 and 140 cm/s -, were investigated with both movement
tasks in a two-choice reaction task. Single-aiming and rapid-timing were

similar in their effect of instructed AVon RT and the predicted linear

relationship between instructed AV and spatial accuracy was not found.

The results suggest that the movement control mode - i.e. open-loop or

closed-loop - interferes with effects of instructed AV. The movement

control mode explanation was confirmed in the second experiment with

respect to the effect of paired velocities on RT. It is argued that the

type of movement control mode must be considered in the interpretation

of effects of instructed AVon RT and spatiotemporal measures.
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Introd uct ion
Rapid-timing and single-aiming movement tasks share the feature

that movement speed is varied, but differ with respect to the required

spatial accuracy at termination. In a rapid-timing task subjects 'move

through' the target, whereas in a single-aiming task they have to stop

at the target (e.g. Meyer, Smith & Wright 1982; Schmidt, Sherwood,

Zelaznik & Leikind 1985). In rapid-timing (Schmidt and White 1972),

sometimes referred to as ballistic-timing (Schmidt et al. 1985),

"spatial accuracy "* (We) decreases as a linear function of distance (D)

to be traversed (Schmidt et al. 1979). In contrast, in single-aiming

spatial accuracy (We) decreases linearly with average velocity (D/MT;

Schmidt et al. 1979; Wright and Meyer 1983).
As an explanation for the different relations between movement

speed and spatial accuracy in single-aiming and rapid-timing, Meyer et

al. (1982) have recently proposed a symmetrical impulse variability

model. According to this model the force-time relations underlying

rapid-timing and single-aiming are different. Single-aiming is

characterized by, at least, a pair of opposing force impulses. For

rapid-timing just one preprogrammed accelerative impulse is sufficient,

because there is no need to program a timed deceleration for the

antagonist before the target is reached. According to the impulse
variability concept variations in movement execution are caused by

variations in force and duration of the impulses that govern the

movement.
When timing of the onset and duration of a decelerative impulse is

not required before the movement is initiated, the timing requirements

in rapid-timing are relatively low and, accordingly, the amount of

*In rapid-timing the spatial movement 'error' is measured by observing
how far the moving limb is from the target location at exactly the
moment the standard time has elapsed.
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programming is small (e.g. Kerr 1978). This suggests that the reaction

time (RT) for rapid-timing movements is shorter than for single-aiming

movements which require additional programming of a decelerative
impulse.

These differences between rapid-timing and single-aiming may be

relevant to the paradox that, while an increase of movement speed leads

to an increase of spatial movement errors, it appears to lead to a

decrease of RT (e.g. Falkenberg and Newell 1980; Klapp and Erwin 1976).

However, the results on RT may be limited to rapid-timing since in the

relevant studies subjects did either not have to stop (Falkenberg and
Newell) or were forced to a stop by an external barrier (Klapp and

Erwin). Hence, the effect of movement speed on RT may be related to one-
impulse type of programming. Because movement speed and spatial accuracy

are mutually dependent (e.g. Woodworth 1899; Fitts 1954), the

requirement of spatial accuracy may indeed prolong the reaction time, in

particular at high movement speeds. In this respect the observed

increase in RT preceding very fast movements in combination with spatial

accuracy demands may be considered as indicative (Spijkers and Sanders
1984 ).

Thus, experiment 1 examines whether spatial accuracy demands affect

the relation between movement speed and reaction time. To this purpose

subjects performed a rapid-timing as well as a single-aiming task in

which the instructed average velocity (AV) of the movements was varied

on four levels, i.e. 5, 25, 75 and 140 cm/s. In fact experiment

replicated the third experiment of Falkenberg and Newell (1980) with the

extension of single-aiming in addition to their original rapid-timing.

Based on the symmetric impulse model it is expected that, first, the RT

for single-aiming is longer in comparison to that for rapid-timing, and,

second, that the monotonously decreasing RT as a function of movement
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speed, as observed in rapid-timing (e.g. Falkenberg and Newell 1980),

will be less pronounced in single-aiming.

With respect to spatial accuracy, previously reported relations

should be replicated. These are (1) a linear relation between spatial

'accuracy' (We) and distance in rapid-timing, We = b(D) , and (2) a
linear relation between spatial accuracy and average movement velocity

in single-aiming We = a + b(D/MT) Furthermore, experiment 1 provides
the opportunity of examining whether the observed monotonously

decreasing relation between temporal accuracy - i.e. the extent an

instructed speed is actually obeyed- and instructed average velocity in
rapid-timing (Newell, Carlton, Carlton and Halbert 1980) is affected by

the requirement in single-aiming to be spatially accurate. Newell et al.

(1980) explained their result by the variability of the required
impulses which is supposed to decrease as average velocity increases.

Hence, an instructed fast speed is temporally more accurate than an

instructed slow speed.
In the study of Falkenberg and Newell (1980) the relation between

RT and instructed average velocity was investigated in a two-choice
reaction task in different conditions of one fixed velocity was paired

with itself and two other velocities. It appeared that the reaction

times of two velocities tested in a condition differed more as the

difference between the AVs increased. In two-choice reaction tasks it

has been repeatedly shown that a fast movement is accompanied by a
shorter RT than a slow movement (e.g. Spijkers and Walter 1985; Spijkers

1987). The extent to which the size of the effect of instructed velocity

on RT is related to the difference between the AVs, tested pairwise in a

condition, may disclose some clues about the nature of programming

average velocity. Four AVs in experiment 1 produced six combinations of

AVs, which differed in size. No consistent relation between the effect
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of paired velocities on RT and the difference between AVs could be

assessed. Instead. the data indicated that the movement times which

together with the distances determined the required AVs. were decisive.

The second experiment examines the post-hoc explanation that the effect

of paired velocities on RT is related to using the same or different
modes of movement control.

Experiment 1

Method

Task and apparatus. Subjects carried out movements at different speeds
in a rapid-timing and single-aiming task. In each task they performed a

visual two-choice reaction task in which the choice consisted of two

sliding movements with a different AV. They were seated behind an X-V

digitiser tablet (30 x 40 em), mounted flush to the 'surface of a

horizontal desk (75 x 75 cm; height 72 cm). Movements were carried out

from left to right on the surface of the X-V tablet and started at a

rectangular home position (0.5 x 0.5 cm) drawn at the left of the

tablet. The trajectory of the sliding movement was marked by two

parallel horizontal lines which were four cm apart. The targets were

denoted by lines that were drawn perpendicular to the trajectory. A

special stylus (16.5 g) was used so as to allow continuous registration

of the coordinates of the movement (see Teu1ings and Thomassen 1979 for

a more detailed description of the tablet). Subjects were seated near

the left corner of the desk so that their right shoulder was aligned

with the starting point. Sitting height was adjusted to individual
preference. The distance between the lower edge of the desk and home
position was 45 cm.

A display (9.5 x 9.5 cm) was mounted on the desk behind the home

position at a distance of 20 cm and at a viewing distance of about 50
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cm. It contained four pairs of light-emitting diodes (LEOs) arranged in

a square (4 x 4 cm). Each pair consisted of a white and a red LED. Four

LEOs of the same colour served as imperative signal. An additional

yellow LED in the center of the display served as fixation point and

indicated whether the stylus was positioned correctly at the starting

point.
On line control of experimental conditions, presentation of

signals, measurement of RT and movement time (MT), and registration of

actual trajectories was performed by computer (LSI 11/2). Position of

the stylus on the X-V tablet was continuously scanned with a frequency

of 1000 Hz (spatial resolution: 0.025 cm).
Procedure and design. A self paced procedure was used in which each

trial started with a warning tone of 1500 Hz (64 dBA, 500 ms) as soon as

the stylus was kept at the home position during one second. After the
warning tone there was a three seconds foreperiod, followed by a visual

imperative signal together with a guiding tone of 550 Hz. Both the
visual imperative signal and the guiding tone lasted somewhat longer

than the required movement time at that particular trial. The purpose of
the guiding tone was to remind the subject of keeping the stylus in

contact with the X-V tablet.
Six pairs of AV were constructed which entailed all combinations of

the following four velocities: 5, 25, 75 and 140 cm/s. In Table 1 the

six AV combinations with the corresponding movement times and distances

are listed. Of each pair, one AV was designated as the fast and the
other as the slow movement. For half the subjects the white LEOs

indicated the fast movement and the red LEOs the slow movement, whereas

this was reversed for the remaining subjects.
Type of task was varied by means of instruction. In single-aiming

subjects were instructed to stop the movement immediately behind the
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Table 1. The six combinations of AVs with their
corresponding distances and movement times as
used in experiment 1.

Combinations of Distance Movement time
Average Velocities (cm) (ms)

1 5 - 25 2.5 - 25.0 500 - 10002 5 - 75 2.5 - 7.5 500 - 100
3 5 - 140 2.5 - 28.0 500 - 2004 25 - 75 25.0 - 7.5 1000 - 1005 25 - 140 25.0 - 28.0 1000 - 200
6 75 - 140 7.5 - 28.0 100 - 200

target line, whereas in rapid-timing they had to keep moving at least as
long as the guiding tone was presented. In both task conditions it was

strongly emphasized that it was necessary to reach the target line
within the instructed movement time.

The six AV pairs were presented to each subject under both rapid-
timing and single-aiming producing a total of 12 conditions. Within
each Type of task the six AV pairs were randomly ordered with the

constraint that one of the two velocities in a previous pair recurred

in the next one. In this way only one "new" velocity had to be practiced

at each new condition. Half of the subjects performed first all the
conditions of the single-aiming task followed by those of the rapid-

timing task, while the remaining subjects had the reverse order. Within

each Type of task the six AV pairs were run in two sessions of three

conditions. A minimal pause of five minutes was interspersed between

conditions. A break of at least one hour was given between the first and

second session within a task. The two tasks were never given on the same
day.

Each condition started with a training session followed by two
series of 40 experimental trials separated by a short pause of about

five minutes. The training session consisted of 25 trials, but could be
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preceded by an additional practice period in which the fast and slow
movement were separately trained until eight successive movements were

correct with respect to their AV. This additional training was always

performed when a certain AV was included in an AV pair for the first

time. Because practice trials were discarded from analysis. there

remained 960 trials per subject for analysis.

Reaction time was measured from the onset of the imperative signal

until the stylus left the home position. With respect to MT two times

were defined: (a) the time that elapsed from leaving the home position

until the target line was reached and (b) the time that the stylus was
moved after the target line had been passed. With the term "movement

time" (MT) the first time is meant because this is the common definition

of movement time in rapid-timing. The second movement time provided a

way of controlling whether subjects obeyed the 'keep moving'

instruction in the rapid-timing condition and served as a measure of how
long it took to come to a stop in single-aiming. A stop was more or

less arbitrarily defined as 8 identical consecutive samples of the X-V

tablet.
Subjects. Six female and two male. right-handed students from Tilburg

University. ranging in age from 18 to 28 years. participated. They

received OFl 7.50 per hour for their cooperation.

Results
One subject was discarded from analysis because her results showed

that she conSistently violated the instructions with respect to rapid-

timing. She was replaced by another female subject. In single- aiming

the average times of movement termination were 604 (500). 1147 (1000).

133 (100) and 252 ms (200) for the 5. 25. 75 and 140 cm/s conditions.

respectively. Between parentheses the instructed movement times are
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mentioned.

Errors. RTs less than 50 ms and longer than 800 ms were considered to

reflect anticipatory and unattentive reactions, respectively and were

discarded from analysis. The same happened with errors in movement

execution. This class of errors was composed of rather divergent sources

and consisted of (a) discontinuities in moving, (b) exceeding the

horizontal trajectory boundaries, and (c) undershoots. Across the four

AVs in both tasks these errors varied between 0.2 and 1.6 procent. Mean

percentages of errors were similar for both type of tasks. A special
class of errors was distinguished in rapid-timing. Premature stopping
in this task condition meant that the movement was halted before

termination of the guiding tone. This occurred more frequently at high

velocities than at low velocities. They were 0.8, 1.9, 8.2 and 4.5

percent for 5, 25, 75 and 140 cm/s AV conditions, respectively.

Reaction times. Individual mean RTs were computed separately for each

series, average velocity and Type of task. A 2 (Type of task) x 4 (AV) x

2 (Series) ANOVA was carried out with the individual means as cells. A

main effect of average velocity was found (F(3,21) = 30.5; p < 0.01).

The factors Type of task and series were not significant. Averaged over

subjects and series mean RTs of each AV and Type of task are presented

in Table 2. From this table it is clear that RT decreases as AV

increases. Although the RT for single-aiming is longer than for rapid-

Table 2. Average reaction times (in ms) for each AV
in rapid-timing and single-aiming.

Average Rapid- Single-
Velocity timing aiming
(cm/s)

5 420 429
25 365 384
75 347 349
140 337 362
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timing at each AV, thi s difference did not reach significance. In the
second series the difference between rapid-timing and single-aiming

increased as was substantiated by a Type of task x series interaction (F

(1,7)=7.3; p<0.05).
Because each AV was composed of an unvarying MT/D pair, the

relations between RT and these constituting elements of AV were

examined. It appeared that neither instructed MT nor distance were

consistently related to RT.

Spatial and temporal measures of movement execution.
Spatial accuracy. For examining relations between spatial accuracy and

the variables average velocity and distance, the actual location of the

stylus was computed at the moment the MT of the instructed AV was
reached. This measure was chosen because in the rapid-timing condition

no movement endpoint is defined beyond the demand that the target line
must be passed. This implies that We, - i.e. the standard deviation of

the endpoints-, cannot be determined in the usual way. The difference
between the target line, and actual location at the end of the

instructed MT enables a comparison of spatial accuracy in both types of
tasks unaffected by variations in time. In fact the common computation

of We is confounded since in this measure the contributions of

variations in time are not considered.
The usual error scores such as constant, variable, absolute and

total error were computed and related to AV, MT and D (see Table 3, top

panel). Consistent relations were obtained between D and all error

measures, with the exce~tion of constant error. Because the variable
error (VE) measure is most comparable to We, VE was further analysed. A

4 (Distance) x 2 (Type of task) x 2 (Series) ANOVA revealed that

Distance (F(3,21) = 48.1; p <0.001) and Type of task (F(1,7) = 48.0;
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Table 3. Top panel: Spatial error (mm) for single-aiming and rapid-
timing related to the criterion distance.
Bottom panel: Temporal error (ms) for single-aiming and
rapid-timing as a function of instructed movement time.
CE=constant error, AE= absolute error.
VE=variab1e error and Tot=tota1 error.

rapid-timing single-aimingcriterion 2.5 7.5 25.0 28.0 2.5 7.5 25.0 28.0distance (cm)
CE 3.0 7.3 -1.0 15.7 -0.4 -2.8 -6.9 -2.5AE 4.6 18.0 28.1 38.6 1.9 10.1 13.1 20.8VE 4.6 17.3 23.9 32.1 2.1 9.7 12.8 20.6TOT 5.9 21.4 32.8 45.5 2.4 12.3 16.6 26.1

rapid-timing single-aiminginstructed 100 200 500 1000 100 200 500 1000MT ems)
CE -2.5 -8.8 -29.6 11.2 4.5 0.8 -15.7 8.7AE 11.5 21.4 72.9 120.2 12.2 20.6 63.5 117.1VE 15.3 22.7 69.7 108.2 15.0 23.4 69.2 111.4TOT 14.2 25.9 83.9 139.6 14.9 25.0 75.1 138.6

p < 0.001) were significant. In Table 3 it can be seen that not only VEt

but also absolute and total error scores are higher at rapid-timing. The
interaction between Type of task and movement distance (F(3.21) = 3.3; p
< 0.05) corroborated the finding that spatial accuracy decreased as a
function of distance more sharply in rapid-timing than in sing1e-
aiming. In addition to larger spatial accuracy, the movements in sing1e-
aiming were also closer to the target line; in general single-aiming
movements showed a negative constant error (bias). whereas rapid-timing
movements were positively biased.

From Table 3 it is also clear that VE increases as a function of
the distance to be traversed for both Types of tasks. Linear regression
-equations for rapid-timing (VE = 5.98 + 0.857 (D)) and for single-
aiming (VE = 2.66 + 0.549 (D)) showed correlation coefficients of r =
0.93 and r = 0.91. respectively. The expected linear relation between
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spatial VE and AV in single-aiming was not confirmed.
Temporal accuracy. Whereas the logic behind the measure of spatial

accuracy consisted of determining the actual location of the stylus at

instructed MT, the measure of temporal accuracy was obtained by

determining the time when reaching the target line which measure is not

biased by spatial endpoint variabilitity. Temporal accuracy scores are

shown in Table 3 (bottom panel). All error scores with the exception of

constant error increased as a function of instructed MT. An ANOVA

similar to that carried out on the VE for spatial data, was applied to
the VE for the temporal data. Instructed MT was significant (F(3,21) =
267.3; p < 0.001). Type of task was not significant. The linear

regression equations for VE and instructed MT in rapid-timing VE =
6.25 + 0.11 (instructed MT)) and in single-aiming (VE = 5.50 + 0.11
(instructed MT)) confirmed this result. Correlation coefficients were

better than 0.98. Contrary to the data of Newell et al. (1980)

variable error of time did not decrease with increasing AV.

The effect of paired velocities on RT. The differences in RT between

the various AV pairs were calculated for both tasks. By subtracting the

RT of the fast movement from the RT of the slow movement, the effect of

paired AVs is obtained for this particular pair. In Table 4 the size of
the effect of paired AVs is listed according to the difference in

average velocity. In general the effect of paired AVs on RT is larger in

single-aiming than in rapid-timing (50 vs 41 ms). This finding seems to

bear upon the additional requirement to stop in single-aiming that

delayed the initiation of the slow movement relatively more (+ 18 ms)

than that of the fast one (+ 9 ms).
An additional observation is that a small effect of paired AVs on

RT is found for the two AV pairs in which either the two lowest or the
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two highest values of AV were combined: AV pairs 25-5 and 75-140 cm/s.

The 75-140 AV pair even showed a negative effect in the single-aiming
task.

Table 4. Velocity effects on RT as function of the size of
the difference between the AVs of each pair in the
single-aiming and rapid-timing.

Rapid-timing Single-aiming
AV pai r AV Diff
(cm/s) (cm/s) Ve 1ocity effect ems)
25 - 5 20 20 23
75 - 25 50 51 75
75 - 140 65 11 -1
75 - 5 70 63 83
140- 25 115 36 50
140- 5 135 47 58

Actual Velocities. Subjects attained rather well to the instructed

velocities in both tasks. An ANOVA on the MTs only showed a main effect

of instructed MT. Position-time plots revealed that single-aiming

movements led rapid-timing movements until shortly before the target

line. They confirmed that in single-aiming acceleration was larger than

in rapid-timing. Because of the deceleration phase in single-aiming, the

larger acceleration is needed in order to obtain the same average
velocity as for rapid-timing.

Movements with an average velocity that deviated more than .30% from

the instructed one, were discarded from analysis. These errors decreased

with increasing AV from 19.2% for the 5 cm/s to 3.6% for the 140 cm/s

movement. Less movements were outside the 30% criterion values in

single- aiming (9%) than in rapid-timing (11.6%). So, it seems that the

production of slow movements is difficult and that the constraint of
being spatially accurate in single-aiming positively contributes to the
attainment of the instructed AV.
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Discussion
In particular with respect to single-aiming a number of predictions

could not be confirmed. First, for single-aiming it was expected that

(a) the RT would be longer than for rapid-timing and that (b) this

difference would be more pronounced at higher speeds. Reaction time in

single-aiming showed an increase, but not a significant one. Second, the

expected linear decrease of spatial accuracy as a function of AV was not

confirmed in single-aiming: Spatially accuracy appeared to be linearly

related to distance. Third, neither in single-aiming nor in rapid-
timing, the temporal accuracy increased as AV increased; rather, it

decreased linearly as instructed movement time increased. Finally, the
effect of paired velocities on RT varied between the combined AVs, but

was not clearly related to the amount of difference between AVs.
In the following paragraphs the results are discussed in more

detail. In this discussion the aspect of mode of movement control will

be a central theme.

Reaction times. In agreement with the findings of Falkenberg and Newell

(1980), RT decreased as a function of AV. The effect of AVon RT was the
same for both tasks in that higher velocities had shorter reaction

times. As an explanation for this phenomenon Falkenberg and Newell

suggested an inhibition-facilitation notion. They hypothesized that

through the inhibition of more muscle fibers slow movements require more

control than fast movements. Hence, fast movements require less

processing time due to the facilitation of the majority of the muscle

fibers involved.
Movements in rapid-timing were not initiated significantly faster

than in single-aiming. Thus, the hypothesis based on the symmetric

impulse variability model of Meyer et al. (1982), that in single-aiming
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the programming of minimal two impulses involves more complex timing

requirements and, consequently, a longer RT (e.g. Kerr 1978) was not

substantiated. This result may be explained with the generalized motor

program concept of Schmidt (1982) if it is assumed that rapid-timing and

single-aiming are governed by different generalized programs consisting,

respectively, of one and two -opposing- impulses. According to

Schmidt, the generalized program contains, amongst others, the temporal

structure of the movement as an invariant feature. The 'overall'

duration is specified when the precise conditions of movement execution

are known, e.g. during the reaction time. The blocked presentation of
the tasks enabled the preparation of the relevant generalized program in

advance of the imperative signal. When the timing requirements are

contained in the generalized program, it may be assumed that differences

between generalized programs in this this respect will hardly affect RI.

Spatiotemporal accuracy data. The results on spatial accuracy are

consistent with the prediction of the symmetric impulse variability

model (Meyer et al. 1982) for rapid-timing, but not for single-aiming.
Spatial accuracy was linearly related to distance in single-aiming as

well as in rapid-timing (see table 3, top panel). It should be noted

that this result is at variance with previous results. For example,

Zelaznik, Schmidt and Gielen (1986; Exp. 2) recently confirmed in single

aiming the linear relationship between spatial accuracy and instructed

velocity which has also been repeatedly reported in other studies

(Schmidt, Zelaznik, Hawkins, Frank and Quinn 1979; Zelaznik, Shapiro,

McColsky 1981; Wright and Meyer 1983). In order to find possible cues

for explanation, it is useful to compare the present experiment with the

studies in greater detail. Several distinctions can be noticed between
the present study and the aforementioned ones. For example, a sliding
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movement instead of an movement which moves freely through the air, the

absence of target impact at termination, the fact that accuracy was

determined at the end of the instructed MT and not at termination and

the range of movement times which was employed. This last aspect will be

further elaborated, because it was varied in the present study.
It is central to the impulse variability concept that variations

in movement execution are caused by variations in force and duration of

the impulses that govern the movement. Although it has been argued by

Schmidt et al. (1979) as well as by Meyer et al. (1982) that the
impulse variability concept would apply to movements under programmed
control, Meyer et al. (1982) have explicitly elaborated the model to

include closed-loop movements such as Fitts' tapping. Yet, the linear

relation between average velocity and spatial accuracy has been mainly

confirmed in single-aiming tasks with relatively short movement times

(Schmidt et al. 1979; Zelaznik et al. 1986; Wright and Meyer 1983).

Zelaznik et al. (1981) examined single-aiming movements of 200 and 500
ms and found that an additional probe task affected the slope of the We

- AV relationship, but only at the 500 ms movement condition. This

suggests that slow movements are governed in part by attention-demanding
processes such as visually based error corrections which counteract some

of the initial variability, thus violating the impulse variability

principle.

Considering the instructed MTs used in the present experiment one

can see in Table 1 that short MTs (100 and 200 ms) were associated with

fast movements (75 and 140 cm/s) and long MTs (500 and 1000 ms) with

slow movements (5 and 25 cm/s). Table 3 (top panel) shows that the

spatial accuracy of the fast movements ( columns denoted by 7.5 and

28.0 cm) and of the slow movements (columns denoted by 2.5 and 25.0 cm)
increases as predicted by the symmetric impulse model. Assuming that
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movements of less than 300 ms are under open-loop and movements of more

than 300 ms are under closed-loop control, the conclusion could be that

differences in control, - i.e. open-loop or closed-loop - played an

important role in the break-down of the linear relation between

movement speed and spatial accuracy. The linear relation between We and

AV may exist for both open- and closed-loop control, but not for
combinations of the control modes.

Temporal accuracy did not differ between rapid-timing and single

aiming. Hence, adding spatial accuracy constraints did not affect the

accuracy in which the instructed movement times are produced. Contrary
to the increase of temporal accuracy with AV as found by tJewe11 et a l.

(1980), a linear decrease of temporal accuracy as a function of movement

time was found (see Table 3, bottom panel). Again, the present data can

be accomodated to the results of Newell et a1. (1980), but only through

rearrangement according to either open- or closed-loop control. This

corroborates the idea that effects of instructed AV depend on control

mode as was suggested with respect to spatial accuracy.

The spatial requirement inherent to the single-aiming task led to

greater spatial accuracy without affecting the temporal accuracy. This

suggests that differences between both tasks may be ascribed solely to

the factor spatial accuracy, that is the additional impulse to terminate
the movement.

The effect of paired velocities on RT

If the effect of paired velocities reflects a difference in

preparation time of two movement speeds, then changes in the effect

related to the size of the difference between two AVs, should be

indicative for the kind of processing which takes place. Yet, the size

of this effect on RT was not a simple function of the size of the
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difference in a combination of two AVs. It appears that the effect of

paired AVs on RT was small at the combinations in which either the two

fast or the two slow AVs were paired. Again, these combinations were

accompanied by movement times presumably characterized by either open-

or closed-loop movement control.
A control mode hypothesis assumes that for AV combinations

consisting of movements with one long and one short movement time, a

conflict is invoked between type of control mode and consequently, in

the way the AVs are prepared. As a result of the conflict the effect of
paired velocities on RT for these AV pairs is large. This is not the
case for AV combinations of which both AVs are governed by the same mode

of control, being either open-loop or closed-loop.
This hypothesis was tested in the subsequent experiment. If type

of movement control plays a role, then a control mode hypothesis

predicts that when no conflict exists between type of movement control,

the effect of paired AVs on RT will be reduced. Furthermore, it is

expected that this hypothesis applies to open-loop as well as closed-

loop controlled movements.

Experiment 2

The hypothesis that the effect of paired velocities on RT is

affected by movement control mode, is pursued in this experiment. To

induce one type of movement control for different AVs, the movement time

of the AVs was fixed, while the distance was varied.
Movement durations of 290 ms and less are assumed to be too short

to allow visual feedback for correcting terminal inaccuracy, whereas a

MT of about 400 ms allows for at least one visually based correction

(Keele and Posner, 1968). Hence, movement times conditions of 200 and

400 ms were used. Within each movement time condition, AV was vat"ied on
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two levels, 17.5 cm/s and 70 cm/s. These particular values were derived
from previous studies in which movement times varied concomitantly with
the AVs Spijkers and Walter 1985; Spijkers 1987) in a constant
distance situation.

If differences in the control mode of a AV pair interferes with the
effect of paired AVs on RT, it is expected that in the constant control
mode conditions of the current experiment, this effect will be neglible.
It should be comparable to that obtained at the 25-5 and 75-140 AV
pairs of experiment 1. In these conditions type of control mode was
assumed to be similar.

Method
Task and apparatus. In each movement time condition subjects made
sliding movements across different distances from a home position (0.5 x
0.5 cm) located at the left, to either a near or a far target located at
the right. They moved a special stylus (10 g) over a glassplate which
covered the X-V tablet (Kurta). On a white piece of paper underneath the
glassplate, the home position and the two targets for each movement
time condition were drawn. For the 200 ms movement time condition the
center-to-center distances between the home position and the two
targets were 3.5 and 14 cm, whereas these were 7 and 2'8cm in the 400 ms
movement time condition. Targets were 3.5 cm long, but their widths were
adapted in order to keep the Index of Difficulty (Fitts 1954) constant
across conditions i.e. 2.2 bit. Nearest target edge was used to measure
movement time. Because of the different target widths for each distance,
this implied that actual AVs were 13.75 and 55 cm/s for the near and far
target, respectively.

A display was mounted in front of the subject which contained a
feedback signal informing the subject that (s)he had the stylus on the
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home position and two LEOs, a red and a green one. These served as
imperative signals and were located to the right of the feedback signal

at a distance of respectively 2 and 3 cm. Duration of the imperative

signals was 500 ms.
Sample frequency of the X and Y coordinates was 200 Hz. Shortly (20

ms) before the presentation of the imperative signal, the actual home

position was strongly reduced (0.05 x 0.05 mm) to enhance the precision

of the measurement of the RT. Experimental control and data recording

was done on line by computer ( POP 11/23).
Procedure and design. A trial started with an auditory warning signal of
1000 Hz and 1000 ms duration. Two seconds later the imperative signal

followed denoting either the near or the far target. With the

restriction that each target distance occurred 26 times, the order was

random within each series. Movement time (200 vs 400 ms) and Average
velocity (13.75 and 55 cm/s) were varied in a within-subjects repeated

measurement design. AV was varied across trials. Movement time was kept

constant per block of two series of 52 trials. Each subject received 6

blocks of which the first two were considered as practice. Order of the

blocks was randomized across subjects. Between blocks a short break was

introduced. A session took about two hours.
Subjects. Eight subjects from the Aachen University of Technology

participated. They had no experience with the previous experiment. For

their participation they received OM 20,-.

Results and discussion

Errors. Less than 0.3% of the trials were discarded from analysis

because of a RT error. Movement times outside the tolerance ranges were

more frequent in

condition (5.9%).

the 200 ms condition (12.0%) than in the 400 ms

More movement time errors were made for the slow
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movement (11.3%) than the fast movement (6.6%) and this was found for

both movement time conditions. A total of 8.9% of the trials were

discarded because of a movement time error. In table 5 movement time
errors for the two conditions are presented.

Reaction times. A 2 (Movement time) x 2 (AV) ANOVA was carried out with

the individual means as cell entries. AV had a significant main effect

(F(l,7) = 8.4; p<0.05). Mean RTs for movement time and AV are shown in

Table 5. From this table it is clear that movement time did not affect

Table 5. Reaction times (ms) and movement
time errors (%) for the two
average velocity and movement time
conditions of experiment 2.

Reaction times Movement time errors
Average Movement time Movement time
velocity (cm/s) 200 400 200 -400
17.5 363 357 15.0 7.7
70.0 340 345 9.0 4.2

RT (p = 0.97). Although the difference between low and high AVs, - i.e.

the Velocity effect - is smaller for the 400 ms condition than for the

200 ms condition, the interaction did not reach significance (p 0.21).

The major result concerned the size of the effect of paired

velocities, which though significant was small. It is considerably

smaller than the size of this effect for similar AVs which were found in
the 'mixed control mode' of experiment 1 and other studies (e.g.
Spijkers and Walter 1985; Spijkers 1987). Klapp and Erwin (1976) also

reported a small Velocity effect (29 ms) for their 600 vs 1200 ms

movement time condition, whereas for other movement time combinations

which may be considered as 'mixed' with respect to type of movement

control, the effects were larger than 50 ms. A small effect of about 20

ms was also repeatedly reported by Klapp (1977) for "dit-dah" key-press
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responses which durations (150 and 300 ms) can be presumed of having the

same type of movement control.
The reduced size of the effect of paired velocities on RT confirms

the control mode hypotheSiS as an explanation of the pattern of these

effects reported in the first experiment. The finding that movement

time, i.c. type of control mode, is a significant factor in the

preparation of movements which differ in instructed AV, means that

previous effects of paired velocities on RT should be reconsidered.

There are some results which indicate that the variable movement

distance may also affect the effect of paired velocities. In the third
condition of the third experiment of Falkenberg and Newell (1980) AV was

varied by taking two distances which differed a factor 20 and a large
effect of paired velocities on RT was found despite similar movement

times. Together these findings suggest that a more integrated approach

is needed for examining AV effects on RT.

General discussion
The major conclusion from both experiments concerns the

significance of the movement control mode for the interpretation of the
effects of instructed movement velocity on RT and spatiotemporal

accuracy in single-aiming.
The effect of paired AVs on RT is small when the control mode of

the different AVs for a pair is constant. This suggests that effects of

paired AVs in mixed control mode conditions are confounded by processes

related to control mode implementation. For example, the longer RT of

the slow, and presumably closed-loop controlled. movement that has been

repeatedly found in mixed control mode conditions (e.g. Spijkers 1987;

Experiment 1 this study). may be accounted for by the activation of

additional mechanisms which are needed for the processing of the
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expected feedback.

The linear relation between instructed AV and spatial accuracy

which is predicted by the symmetric impulse variability model (Meyer et

e l, 1982) for single-aiming, appeared to be valid for either open-loop

or closed-loop controlled movements, but not for combinations of control

mode. The present study suggests that the symmetric impulse variability

model should be elaborated at this point. In a similar vein, the finding

of Newell et al. (1980) that temporal accuracy increases as average

velocity increases, was replicated only if the effect of AVon temporal

accuracy was conSidered within either open-loop or closed-loop
controlled movements. The conclusion that the relation between AV and

spatiotemporal accuracy measures depends on movement time concurs with

the idea expressed in the space-time model of movement speed- accuracy
relations that has been recently proposed by Hancock and Newell (1985).

In this model the mutual relations between movement distance and

movement time in the movement speed-accuracy relationship is stressed.

The prediction based on the symmetric impulse variability model
that programming of an accelerative and decelerative impulse in single

aiming would prolong the RT in single-aiming when compared to that in

rapid-timing, was not substantiated. However, the symmetric impulse

variability model can accomodate this finding if it is assumed that

rapid-timing and single-aiming are governed by its own generalized motor

programs. When the generalized program contains the relative temporal

structure for a particular movement (e.g. Schmidt 1982), then the

demands on programming of timing requirements during the RT should not
differ between rapid-timing and single-aiming.
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Summary
In this thesis preparation of a discrete aiming movement is
investigated. With emphasis on instructed average movement velocity the
motor programming aspect of response preparation is examined from a
reaction time analysis perspective. The theoretical part of this thesis
is described in the first three chapters. Chapter 1 presents the general
theoretical background, while chapter 2 is methodologically oriented.
Chapter 3 gives an overview of the main findings of the six experimental
papers which are fully reported in chapters 5 through 10. In chapter 4
the main conclusions of this thesis are summarized.

In chapter 1the stage of the thesis is set. It briefly introduces
the open-loop versus closed-loop controversy of motor control that has
dominated the motor field in the sixties and the seventies. The motor
program concept is next described. After elaborating this concept from a
speed-accuracy perspective, chapter 1 concludes with the description of
an early reaction time approach of motor programming, the memory-drum
theory.

Methodological aspects related to the reaction time approach of
motor programming are discussed in the second chapter. It is explained
why a choice reaction paradigm should be linked to a simple RT task as a
control condition for socalled non-programming effects. However, it is
also emphasized that the simple RT paradigm on itsown is worthwhile for
studying processes involved in motor preparation. The precue-technique,
which has been recently introduced for studying motor progam
construction processes, is evaluated in the next section of this
chapter. Finally, the additive factor logic, which is the main method
used in the experiments of the thesis, is described briefly.

The main methodological features and experimental results
present study are presented in chapter 1. The results

of the
of the
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experimental papers are ordered with respect to their contribution to

structural aspects of the motor programming stage. On the basis of the

available evidence from the literature and the experimental results of
this thesis a structure for response preparation stages is proposed

which consists of response-selection, motor programming, program loading

and motor adjustment. A two-stage model is proposed, including a motor

programming and a program loading stage as a tentative model for motor

programming. A proviso is made for the program loading stage, because

the evidence is not yet clearcut. In the second part the nature of motor
programming processes is pursued. The important feature of setting
movement variables in advance, called preprogramming, is discussed. It

is argued that preprogramming is a flexible process and that

(pre)programming of variables can occur in parallel. However, the extent
of preprogramming movement variables seems to be mutually dependent.

Chapter 3 concludes with a critical reconsideration of the Velocity
effect. It is argued that control mode competition affects the size of

the Velocity effect. As a summary of the main findings, a tentative

model of the response preparation stages is finally provided and

positioned in a broader theoretical context.
In chapter 4 the main conclusions of the thesis are presented.

The six experimental papers are fully described in the following

six chapters. The question whether average velocity can be preprogrammed

is examined in the two experiments of chapter ~. Despite a blocked

presentation of average velocity, no evidence for preprogramming of
\lol"r;+\, h/~C'................. "'J roo ......... four:d ir: o",."o .;'"on+ ,

... ",... " .... v ••
ThW""/"u,,,h ; mn"C';"", ........... ::;31 ...... ,... .... - ... ~ $patial accuracy O~

movement termination in the second experiment it could be demonstrated

with the precue-technique, that precues were effectively used to

preprogram the average velocity aspect. It was therefore concluded that

the absence of an spatial accuracy demand of the fast movement of the
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first experiment had contributed to the observed effect and that spatial

accuracy is a relevant variable in response preparation. Furthermore, it

could be shown that programming average velocity and movement direction
occurred in a parallel mode.

The effect of spatial accuracy is further pursued in chapter §.
Spatial S-R compatibility is varied with blocked average velocities

without (Experiment 1) and with (Experiment 2) accurate termination of

the movement. Foreperiod duration was an additional variable in the

second experiment. The additive effects of S-R compatibility and

foreperiod duration to the effects of AV were taken as support for an
independent motor programming stage. The increased RT of the fast and

spatially accurate movement of experiment 2 suggested a two-stage

programming model consisting of a motor programming and program loading
stage.

The supposition that response-selection, motor programming and

motor adjustment build three independent processing stages is further

supported by the findings of the study reported in chapter I. Mutual

additive effects of foreperiod duration, S-R compatibility and average

velocity were found. In this study the manipulation of the semantic

compatibility of the S-R relation showed that processes of velocity code

selection do not interfere with processes of velocity programming. This

suggested that the selected response code is abstract to the features of

the response which are programmed in the motor programming stage. The

preprogramming quality of the motor programming stage was again

confirmed in the control condition in which a simple reaction paradigm
was employed.

Chapter ~ studies the flexibility of preprogramming through
manipulation of the probabilities of average velocity and direction. The

first experiment shows that the degree of preprogramming of average
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velocity is related to its probability of occurrence. This observation

is confirmed in the second experiment, which this proportional

preprogramming additionally showed for the direction parameter.

Furthermore, the second experiment revealed that the variables average

velocity and movement direction are programmed in a parallel but

interdependent way. The finding that the effects of average velocity and

response-specificity were additive, is tentatively explained in terms of

muscular preactivation in case of aspecific movement alternatives.

The locus of effect of response-specificity is the objective of the

two experiments of chapter~. The interaction between the effects of
response-specificity and foreperiod duration, while the effects of both

variables were additive to that of average velocity, confirmed the

explanation of the previous chapter. The additivity of the mutual
effects of S-R compatibility, average velocity and response-specificity

(Experiment 2) corroborated the interpretation of the response-

specificity effect.
The main objective of the two experiments of chapter lQ concerned a

further elaboration of the Velocity effect. By employing a rapid-timing

and single-aiming task and four different velocities it was found that

spatial accuracy did not interact with the effect of average velocity on

reaction time. The Velocity effect, however, appeared to depend on

whether the mode of control, open-loop versus closed-loop, was similar

or dissimilar between the two average velocities. The control mode

hypothesis was supported in the second experiment.
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Programmering
van discrete doelgerichte bewegingen:

een reaktietijd benadering



Samenvatting
In dit proefschrift worden motorische processen bestudeerd die een rol
spelen bij de voorbereiding van discrete doelgerichte bewegingen.
Motorische programmering in de voorbereiding van een beweging wordt
experimenteel onderzocht vanuit het perspectief van de reactietijd (RT)
analyse; de nadruk ligt op de bewegingsvariabele geinstrueerde
snelheid. In de eerste drie hoofdstukken wordt het theoretische gedeelte
van het proefschrift behandeld. Hoofdstuk schetst de algemene,
theoretische achtergrond, terwijl in hoofdstuk 2 methodologisch aspecten
van de RT analyse besproken worden. Hoofdstuk 3 geeft een overzicht van
de resultaten van de zes artikelen die als hoofdstukken 5 tot en met 10
zijn opgenomen i~ het tweede deel. In hoofdstuk 4 worden de
belangrijkste conclusies van dit proefschrift samengevat.

In hoofdstuk 1 wordt de doelstelling van het onderzoek van het
proefschrift uiteengezet. De open-loop versus closed-loop controverse,
die het motorisch onderzoek betreffende de motorische controle in de
jaren zestig en zeventig overheerste, wordt kort besproken. Vervolgens
wordt het concept 'motorisch programma' behandeld vanuit de optiek van
de impulse-variabiliteit en de RT methode. Hoofdstuk 1 wordt besloten
met de beschrijving van de 'memory drum' theorie, die men beschouwen kan
als een van de eerste reactietijd benaderingen van bewegingsvoor-
bereidi ng.

Enkele methodologische aspecten, die van belang zijn bij het
onderzoek naar motorische programmering met de RT methode, worden
bediscussieerd in het tweede hoofdstuk. Het begrip motorische
voorprogrammering wordt uiteengezet. De simpele RT-taak als controle
conditie voor effecten van bewegingsvariabelen op de RT in een keuze
reactie taak wordt behandeld. Er wordt benadrukt dat de simpele RT-taak
ook kan dienen als onderzoeksmethode. In het volgende deel van dit
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hoofdstuk wordt de 'precue'-techniek geevalueerd. Deze techniek werd

onlangs geintroduceerd voor het onderzoek naar de wijze waarop

motorische programma's geconstrueerd worden. Tot slot wordt in het kort

de additieve faktoren methode besproken. Deze methode staat in het

onderzoek van dit proefschrift centraal.
De belangrijkste resultaten van het onderzoek dat in het kader van

dit proefschrift verricht is, worden beschreven in hoofdstuk 1. De

resultaten worden allereerst beschreven op basis van hun bijdrage aan de

lokalisatie van de motorische programmeringsfase in het lineaire model

van informatieverwerking. Op grond van de literatuur en de bevindingen
van dit proefschrift wordt een structuur van verwerkingsstadia

voorgesteld die bestaat uit respons-selectie. motorische programmering.

programma-implementatie en motorische aanpassing. Een twee-stadia model
bestaande uit motorische programmering en programma-implementatie, wordt

als tentatief model voor motorische programmering voorgesteld. Vanwege

onvolledige empirische evidentie wordt een voorbehoud gemaakt voor de

verwerkingsfase programma implementatie. In het tweede deel worden de
resultaten beschreven die het proces van motorische programmering

belichten. Hierbij wordt speciale aandacht geschonken aan de
flexibiliteit van het (voor)programmeringsproces en het parallelle. maar

onderling afhankelijke verloop van (voor)programmeringsprocessen.

Hoofdstuk 3 wordt besloten met een critische beschouwing van het effect

van geinstrueerde bewegingssnelheid op de reactietijd. De rol van de
motorische controle processen staat hierbij centraal. Tot slot wordt een
model voor de voorbereiding van bewegingp.n gp.schp.tst waarin rlp.

voornaamste bevindingen van dit proefschrift zijn samengevat en wordt

het model in een breder theoretische context geplaatst.
De belangrijkste conclusies van het proefschrift worden samengevat

in hoofdstuk 1.
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In de hoofdstukken 5 tot en met 10 zijn de zes artikelen integraal

opgenomen. Oe vraag of de geinstrueerde snelheid van de beweging

voorgeprogrammeerd kan worden, werd in de twee experimenten van

hoofdstuk ~ nagegaan. Ondanks een geblokte aanbieding van de variabele

geinstrueerde snelheid, werd in het eerste experiment geen ondersteuning

voor motorische voorprogrammering gevonden. In het tweede experiment

werd geeist dat de beweging nauwkeurig beeindigd werd. Met de precue-

techniek kon worden aangetoond dat het aanbieden van informatie over de

uit te voeren bewegingssnelheid effectief gebruikt werd om de snelheid

van de beweging voor te programmeren. Geconcludeerd werd dat het aspect
van ontbrekende ruimtelijke accuratesse de resultaten van het eerste

experiment hadden beinvloed. Het tweede experiment toonde aan dat

bewegingssnelheid en bewegingsrichting parallel geprogrammeerd werden.

Het effect van ruimtelijke nauwkeurigheid werd verder onderzocht in

hoofdstuk ~. Bij een constante bewegingssnelheid werd ruimtelijke S-R

compatibil iteit zonder (Experiment 1) en met (Experiment 2) nauwkeurige

beeindiging van de beweging gevarieerd. De duur van de voorperiode werd

in het tweede experiment.als variabele toegevoegd. De additieve effecten

van S-R compatibiliteit en duur van de voorperiode ten aanzien van de
effecten van bewegingssnelheid werden als evidentie opgevat voor een

onafhankelijk motorische programmeringsfase. De toename van de RT voor

de snelle en nauwkeurige bewegingen uit het tweede experiment

suggereerde een twee-stadia model voor motorische programmering waarin

een programmeringsfase en een fase voor programma-implementatie wordt
ondersche iden.

De veronderstelling dat response-selectie, motorische programmering

en motorische aanpassing als drie onafhankelijke verwerkingsstadia

opgevat kunnen worden, werd verder ondersteund door de bevindingen van

de studie die in hoofdstuk 7 is beschreven. De effecten van de
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variabelen voorperiodeduur. S-R compatibiliteit en bewegingssnelheid

bleken additief. De resultaten ten aanzien van de manipulatie van de

semantische compatibiliteit van de S-R relatie toonde aan dat de code

die op basis van het signaal geselecteerd wordt. abstract is met

betrekking tot specifieke bewegingskenmerken die in de motorische

programmeringsfase worden bewerkt.

In hoofdstuk ~ werd de flexibiliteit van het voorprogram-

meringsproces bestudeerd. Het bleek dat de waarschijnlijkheid van optre-
den de mate beinvloedde waarin een bewegingsvariabele voorgeprogrammeerd

werd. Dit werd in experiment 2 bevestigd. niet alleen voor bewegings-
snelheid. maar ook voor bewegingsrichting. Bovendien werd in het tweede

experiment gevonden dat de variabelen snelheid en richting in een paral-

lelle. maar onderling afhankelijke. wijze geprogrammeerd werden. De

gevonden additiviteit tussen de effecten van bewegingssnelheid en
response-specifiteit, werd post-hoc toegeschreven aan musculaire voor-

activatie van aspecifieke bewegingsalternatieven.
De plaats waar response-specifiteit in de informatieverwerking

aangrijpt. stond centraal in de twee experimenten van hoofdstuk 9. De
interactie tussen de effecten van voorperiodeduur en response-

specifiteit (Experiment 1) bevestigde de hypothese uit hoofdstuk 8 dat

response-specifiteit de fase motorische aanpassing beinvloedt. Vooral

ook omdat in het tweede experiment een additieve relatie -tussen de

effecten van spatiele S-R compatibiliteit. bewegingssnelheid en

response-specifiteit werd gevonden. zodat een response-selectie inter-

pr"Gt~tic 'v'{;':'; hct effect t;itgc~lctcn ken worden.
Het voornaamste doel van de twee experimenten van hoofdstuk 10

betrof een nader onderzoek van het effect van geinstrueerde

bewegingssnelheid op de RT. Het effect werd niet beinvloed door spatiele

nauwkeurigheid. Dit bleek uit de vergelijking van het effect van
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bewegingssnelheid in een rapid-timing en een single-aiming taak.
Daarnaast, scheen het verschil tussen de reactietijden voor twee
bewegingssnelheden afhankel ijk te zijn van de gelijkheid van de
processen voor motorische controle die gebruikt worden voor de twee
snelheden i.e. open-loop of closed-loop. Het tweede experiment
bevestigde dat het effect van geinstrueerde snelheid klein is indien

hetzelfde proces voor de bewegingscontrole gebruikt kan worden. De

resultaten van beide experimenten worden indicatief gezien voor een
ruimte-tijd interpretatie van het effect van geinstrueerde
bewegingssnelheid op de reactietijd.
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Stellingen behorende bij het proefschrift:

Programming

of discrete aiming movements:

A reaction time approach.



Stellingen

VII

I I

Het toelaten van 'interne benoemingen' van hoogleraren, leidt
gemakkelijk tot handhaving van een bestaande wetenschappelijke status
quo; zelden waait hierdoor een vernieuwende of verfrissende
'wetenschapswind'. In het Du i tse universitaire systeem steekt een
dergelijke wind regelmatig op, omdat interne benoemingen als zeer
ongewenst beschouwd worden en daardoor praktisch niet voorkomen.

Het feit dat snelle, doelgerichte bewegingen eerder geinitieerd worden
dan langzame bewegingen. is geen gevolg van een korter decisieproces
voor snelle bewegingen (dit proefschrift).

De mate waarin aspekten van bewegingen voorgeprogrammeerd worden. is
niet aIleen afhankelijk van de waarschijnlijkheid van een enkel aspekt.
maar tevens van de waarschijnlijkheid van andere bewegingsaspekten (dit
proefschri f t ),

VIII

III

Het toekennen van PIN-codes aan betaalpassen zou in bepaalde gevallen
in overleg met de eigenaar(esse) moeten gebeuren. Vooral als men
verscheidene betaalpassen bij dezelfde of andere banken in het bezit
heeft. is blokkering van de rekening als gevolg van het meermaals
intypen van de onjuiste PIN-code zeker niet ondenkbeeldig.

De lengte van het tijdsinterval tussen waarschuwingssignaal en
reaktiesignaal beinvloedt. naast een algemene. ook een specifieke
component van de responsevoorbereiding (dit proefschrift). IX

IV
Het is zeer ongewenst prijzen onvermeld te laten op produkten die met
het streepjescode-systeem worden afgerekend. Ook de mens en die de
prijzen in het centrale register invoeren. vergissen zich wel eens: voor
de consument is het welhaast onmogelijk een dergelijke vergissing te
achterhalen.

Als een situatie snelheid van handel en vereist. is de mate waarin dit
gepaard gaat met een verminderde nauwkeurigheid in het handelen ook
afhankelijk van de handelingsduur (dit proefschrift).

x
V

Het Duitse universitaire systeem van tijdelijke arbeidscontracten voor
promotie en "Habilitation" impliceert een hoge mobiliteit van
wetenschappelijke medewerkers. De laatste jaren overtreft de toename van
gepromoveerde en 'gehabiliteerde' wetenschappers de groei van de
wetenschappelijke instellingen. Dit heeft tot gevolg dat vee I
formatieplaatsen wel elke 4 a 5 jaar worden bezet door nieuwe
medewerkers. maar ook dat er tegelijkertijd goed opgeleide
wetenschappers uit het universitaire bedrijf verdwijnen: een uit
zakelijke overwegingen onverstandige bedrijfspolitiek.

Vermindering van de compatibiliteit van de relatie tussen signaal en
response in een bewegingstaak beinvloedt de reaktie slechts weinig in
vergelijking met de effekten die incompatibiliteit tussen personal
computers teweeg kunnen brengen. Mensen bezitten blijkbaar een
universeler besturingssysteem.

XI

VI

Het zogenaamde 'aktiviteitencentrum'. dat in menig jong gezin de baby-
box siert. zou voorzien moeten zijn van uitwisselbare panelen. zodat de
vereiste handelingen beter aangepast kunnen worden aan de motorische
ontwikkeling van het kind.

Aan het "Institut fur Psychologie" in Aken is als novum in Duitsland
het "Aufbaustudi urn" ingeste ld. Ditis een tweejari ge voortgezette
opleiding. waarin pas afgestudeerde psychologen de mogelijkheid
geboden wordt, naast een verbreding van hun theoretische kennis,
praktische ervaring op te doen binnen tweede en derde geldstroom
projekten. Een dergel ijke fraaie uitbouw 1ijkt echter aan zi ju succes
ten gronde te gaan. omdat de kans dat deze opleiding ter aanvaarding van
een baan voortijdig verlaten wordt. stijgt met de tijd dat men deze
volgt.

XII
De kosten van milieu-onvriendelijk verpakkingsmateriaal worden helaas
nog teveel aan louter produktiekosten gerelateerd.

W.A.C. Spijkers 13-1-1989
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