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Spatial S-R compatibility effects with
unimanual two-finger choice reactions
for prone and supine hand positions
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The influence of spatial stimulus-response (S-R) compatibility on unimanual two-finger choice
reactions was investigated. Subjects had to react as fast as possible to a flash of light that was
presented in the right or left visual field. They used the index or middle fingers of their left or
right hands to press the spatially same (compatible) key or the spatially different (incompatible)
key. In Condition 1 the subjects’ palms faced down (pronation); in Condition 2 their palms faced
up (supination) so that the spatial order of the fingers was reversed. A strong compatibility effect
between right and left field of stimulation and spatially right and left finger was found under
both conditions. Compatible reaction times were shorter than incompatible reaction times by
52 msec in the palm-down condition and by 61 msec in the palm-up condition. The results are
interpreted as supporting the coding hypothesis of spatial compatibility.

As has been shown repeatedly, choice reaction times
to stimuli are shorter when stimuli and responses are com-
patible with respect to perceptual or symbolic features than
when they are incompatible. Within such paradigms the
present study is concerned with spatial stimulus-response
(S-R) compatibility, with stimulus and response positions
corresponding in the spatial dimension right versus left.
Usually, two types of spatial S-R compatibility effects are
distinguished: those with relevant stimulus location, and
those with irrelevant stimulus location. In the relevant
type, subjects are concerned with the spatial position of
the stimulus (they press, for example, a key on the right
side if a light occurs in the right visual field, and a key
on the left if it occurs on the left). In the irrelevant type,
they have to make decisions based on some nonlocational
feature of the stimulus (e.g., its shape or color), but its
spatial position is nevertheless effective (e.g., a reaction
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with a right key is faster to a stimulus in the right field
than to a stimulus in the left field, and so on).

Spatial S-R compatibility' may be best explained by the
coding hypothesis. According to this hypothesis, the po-
sitions of stimuli and responses are represented and com-
pared in a spatial code, implying that incompatible S-R
pairings require additional effort of translation and thus
lead to longer reaction times. The coding hypothesis was
first proposed by Fitts and Seeger (1953) and has since
been further developed, especially by Wallace (1971),
Nicoletti, Anzola, Luppino, Rizzolatti, and Umilta (1982),
and Umilta and Nicoletti (1985). Although the concept
of coding is still rather unclear, in most cases investigated
hitherto the coding hypothesis has been superior to alter-
native theories, such as (1) the thesis that spatial compati-
bility is related to neuroanatomical connectivity, (i.e., that
it is a pathway effect); (2) the idea of an implicit map-
ping of spatial relations onto parts of the body (for exam-
ple, a natural association of the anatomically right and
left hands as spatially right and left); and (3) attentional
theories, according to which spatial compatibility is based
on a tendency to react toward the stimulus source.

Theories of the first type (neuroanatomical pathway
hypotheses) consider the reaction time advantage for com-
patible S-R associations to be caused by the directness of
neuroanatomical pathways in the following sense: The ip-
silateral relation between side of stimulation and respond-
ing hand (e.g., right-hand reactions to right-field stimuli)
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requires no passing of information between the hemi-
spheres, provided the information is processed in the
hemisphere where it directly arrives and the reaction is
controlled solely by the hemisphere opposite to the re-
sponding hand. In the case of a contralateral reaction (e.g.,
right-hand reaction to a left-field stimulus), the hemisphere
where the signal arrives and the one that controls the
responding hand are different, so that a callosal crossing
between hemispheres is necessary, which provokes a de-
lay of the response. Apart from the fact that this theory
would explain only an effect in the amount of one cal-
losal crossing time, an effect considerably smaller than
compatibility effects (see Bashore, 1981), such an expla-
nation has been ruled out as a determining factor of spa-
tial compatibility by studies in which subjects had to
respond with crossed arms (see Wallace, 1971). Wallace
was able to show that the S-R compatibility effect is tied
to the spatial position of the arm and not to the anatomi-
cal (right or left) arm used for response, as would have
to be expected by the neuroanatomic theory. Another ar-
gument against the pathway hypothesis is that spatial com-
patibility effects are also obtained along the above/below
dimension (for irrelevant stimulus location see Hedge &
Marsh, 1975 for relevant stimulus location, see Nicoletti
& Umilta, 1984, 1985, who also used the crossed-hands
technique). In this case, a neuroanatomic correlation is
not so apparent as it is for the right/left dimension. Strictly
speaking, the pathway hypothesis should be treated dis-
tinctly within the field of S-R compatibility, inasmuch as
the term S-R compatibility effect is usually applied to
denote an observed reaction time advantage for compati-
ble S-R pairings which cannot be accounted for on
neuroanatomical grounds (see Heister & Schroeder-
Heister, 1985). Nevertheless, one has to consider that a
small pathway effect can be expressed in reaction time data
and may add to ‘‘genuine’’ S-R compatibility effects (see,
e.g., Berlucchi, Crea, Di Stefano, & Tassinari, 1977).
Theories of the second type, which we call mapping
hypotheses, are based on the assumption that spatial rela-
tionships are naturally mapped onto parts of the body.
Such a mapping, for example, would be the natural as-
sociation of the anatomically right and left hands as spa-
tially right and left. Likewise, the index and middle fingers
of the right hand and the middle and index fingers of the
left hand would be associated as spatially left and right.
The assumption behind such a theory is that, if the body
is in some ‘‘normal’’ position, certain anatomical differ-
ences (e.g., right and left hands) are actually combined
with corresponding spatial distinctions. For example, in
a normal position the anatomically right hand is on the
spatially right side of the body midline, and the left hand
is on the left side. It is then assumed that this association,
which is present in normal body positions, is maintained
if the body is in some non-normal position, for example,
if the hands are crossed. Experiments using the crossed-
hands design have shown that such a mapping is not the
determining factor for spatial compatibility, that is, that
spatial compatibility rests upon compatibility between
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stimulus positions and response positions and not between
stimulus positions and mapping onto response organs (see,
e.g., Brebner, Shephard, & Cairney, 1972). Therefore,
since for the *‘standard’” spatial compatibility design the
crossed-hands test is evidence against the mapping
hypothesis and in favor of the coding hypothesis, the map-
ping hypothesis has never been used to explain spatial
compatibility in general.

Nevertheless, even if such mapping is not effective for
the task required in studies of spatial compatibility, some
authors assume that it is present and effective, namely in
being responsible for the overall larger reaction times in
the crossed-hands conditions. It is hypothesized that cross-
ing the hands leads to an incongruency between mapped
spatial positions and actual spatial positions of the hands
with respect to each other (Brebner et al., 1972; Nicoletti,
Umilta, & Ladavas, 1984). Furthermore, Ladavas and
Moscovitch (1984) used the mapping hypothesis to ex-
plain a result that was an exception to the normal S-R pat-
tern. Under an experimental condition in which subjects
had to react with their heads tilted to the right or left, they
obtained a reversal of the spatial compatibility effect with
hands crossed. (For an alternative interpretation of
Ladavas & Moscovitch’s result, not employing the map-
ping hypothesis, see Heister & Schroeder-Heister, 1986).
Therefore, the mapping hypothesis may be considered a
possible alternative to the coding hypothesis in special ap-
plications.

Theories of the third type (i.e., attentional hypotheses:;
the term originated in Nicoletti et al., 1982) were favored
in particular by Simon (e.g., Simon, 1969; Simon &
Rudell, 1967). According to this concept, spatial S-R com-
patibility effects result, for example (Simon, 1969,
p. 174), from a ‘* ‘natural’ tendency to respond toward
the source of stimulation’” (orienting reflex). However,
a spatial compatibility effect can be demonstrated when
both stimuli are on one side of the body midline and the
response keys are on both sides, and even when both the
stimuli and the response keys are on one side of the body
midline (for relevant stimulus location, see Nicoletti et al.,
1982; for irrelevant stimulus location, see Umilta &
Nicoletti, 1985). These findings show that it is the rela-
tive locations of stimuli and responses that are effective
for spatial compatibility, not their locations with respect
to the body midline, as would be required by Simon’s at-
tentional explanation. One should concede, however, that
the attentional hypothesis has mainly been formulated for
S-R compatibility effects with irrelevant stimulus loca-
tion. (For a detailed discussion of attentional vs. coding
hypotheses, see Umilta & Nicoletti, 1985.)

In the present study spatial compatibility was inves-
tigated under conditions of relevant stimulus location for
unimanual two-finger choice reactions, in order to test
whether a spatial compatibility effect known for hands also
takes place for fingers. As a substitute for the crossed-
hands technique, which has proved to be so efficacious
in investigations of bimanual choice reactions, we chose
a design in which the hands were held with the palms up



or down. A supine position leads to a reversal of the spa-
tial order of the fingers, so that we can distinguish be
tween effects due to spatial and anatomical position of the
fingers. Bradshaw and Perriment (1970) investigated
unimanual two-finger choice reactions with hands held
in prone and supine positions, but they studied only the
aspect of laterality effects. They held spatial compatibil-
ity constant throughout their experiment; that is, their sub-
jects always responded under a compatible S-R condition.
Thus, the present experiments extended their technique
to the investigation of spatial compatibility. In another
context, Miller (1982) and Reeve and Proctor (1985, see
also further references therein) worked with four-finger
responses (two fingers of each hand), but again with spa-
tial compatibility for fingers held constant.

Katz (1981) obtained a spatial compatibility effect for
unimanual two-finger choice reactions, but with hands
held prone in the body midline. Apart from also inves-
tigating the supine position, we had the subjects react with
the responding hand in the normal right or left position,
that is, the right hand on the right and the left hand on
the left side of the body midline. This design allowed us
to discriminate more easily between attentional and cod
ing explanations (see below). Another difference between
our design and Katz’s was that Katz used irrelevant stimu-
lus location.

Unlike Nicoletti et al. (1982) in their investigation of

bimanual reactions on the same side of the body midline,
we decided to present the stimuli in the right and left visual
ficlds instead of on one side of the body midline. This
enabled us to test whether a spatial compatibility effect
is present not only between (right or left) field of stimu-
lation and responding (right or left) finger but also be-
tween field of stimulation and responding (right or left)
hand.

The different theories mentioned above, namely the
coding hypothesis and, as its rivals, the neuroanatomical
pathway hypothesis. the mapping hypothesis. and the at-
tentional hypothesis, lead to different predictions for our
experiment. According to the coding hypothesis, a spa-
tial compatibility effect should be obtained between fingers
in the palm-down position, despite the fact that the hands
are held on the right or left so that the two responding
fingers are never on different sides of the body midline.
This is because the relative positions of stimuli and
responses are effective in this case. Also, this S-R com-
patibility effect for fingers should remain when the hands
are held palm up, since the spatial and not the anatomical
relationships between fingers are supposed to be encoded.
Finally, a spatial compatibility effect with respect to
responding hands should not occur. The coding hypothe-
sis predicts no such additional effect for hands because
for each response the hand to be used is fixed in advance,
so that only the position of a single hand with respect to
the body is involved, whereas the relative spatial differ-
ence between the two responding hands should not be im-
portant.
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The neuroanatomical pathway hypothesis predicts no
reaction time difference between fingers, in either the
prone or the supine position, since the reactions for both
fingers of one hand are initiated in the same hemisphere.
It would predict only a small reaction time advantage for
compatible hand-stimulus pairings in the amount of one
callosal crossing time.

The mapping hypothesis postulates that the spatially
right and left positions are naturally mapped onto the mid-
dle and index fingers of the (anatomically) right hand and
onto the index and middle fingers of the left hand. Thus,
since compatibility is now bound to the anatomical fingers
instead of to their positions, an S-R compatibility effect
would be expected for the prone condition, whereas a
reversal of this effect should occur for the supine condi-
tion, since the spatial order of the anatomical fingers is
reversed. If one also assumes a mapping of spatially right
and left positions onto right and left hands, an effect simi-
lar to a spatial S-R compatibility effect is predicted be-
tween responding hands.

The attentional hypothesis predicts a compatibility ef-
fect for hands (because they are on the right and left sides
of the body midline) but not for the responding fingers
(because both fingers are either on the right or on the left),
regardless of whether the hands are in prone or supine
positions. The attentional hypothesis, at least in its stan-
dard form, is not sensitive to relative spatial locations on
the same side of the body midline but only to locations
with respect to the body midline.

METHOD

Subjects

Eight female college students (aged 17-18 years) served as paid
subjects. All were right-handed according to a German adaptation
of the Edinburgh Inventory (Oldfield, 1971), had normal vision,
and were naive as to the purpose of the task. All subjects served
in both experimental conditions.

Apparatus

Subijects sat in front of a modified Forster perimeter (OCULUS).
Each subject’s head position was fixed by a forchead-and-chin rest;
the distance between the subject’s eyes and the perimeter plane was
45 cm. Two shielded lamps provided a dim and diffuse ambient
illumination. The stimuli were presented by two red light-emitting
diodes (LEDs; Hewlett-Packard subminiature HLMP-6620). The
circular LED lights subtended 10’ of arc. They were positioned
at 5° of visual angle to the left and right of the fixation point. The
fixation point consisted of a white circular field subtending a visual
angle of 0.75° on a gray perimeter plane. Luminance (measured
by a Hagner Universal photometer 52) was 0.42 c¢d/m* for the
perimeter background, 1.2 cd/m* for the fixation point, and
81 cd/m? for the LED lights. The subjects’ ability to maintain fixa-
tion properly was tested in pretrials in which eye movements were
monitored by an infrared photoelectric device displayed on an os-
cilloscope. An acoustic warning 150 msec in duration preceded the
stimulus onset by 500 to 800 msec. The stimuli were presented for
100 msec. Subjects had to press one of two keys on a microswitch
box with their index or middle fingers as fast as possible while main-
taining their gaze on the fixation point. The microswitches
(Schadow-Digitast SE, with electronic rebound suppression) were
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connected to an electronic clock that was started with the stimulus
onset and stopped by the microswitch contact. The microswitch box
was freely movable and was attached either to the left or to the right
side of the experimental desk (for the prone condition) or it was
fixed underneath a shelf placed on the desk, allowing the hands
to press the key from below (for the supine condition).

Procedure

The subjects attended two sessions on different days: In one ses-
sion the subjects responded with the palms face down (pronation),
in the other session with the palms face up (supination). Half of
the subjects started with the palm-down condition and the other half
with the palm-up condition. Each session was subdivided into eight
blocks, separated by short rest periods. Each block consisted of
6 practice trials and 44 test trials. Stimuli were presented in a par-
ticular quasi-random order within each block, allowing a maximum
of only three consecutive presentations of the same (right or left)
stimulus. In four blocks of each session the subjects made compat-
ible responses, that is, a right-finger response to right lights and
a left-finger response to left lights (both for right and for left hands).
In the other four blocks they made incomparible responses, that is,
a right-finger response to left lights and a left-finger response to
right lights (again, both for right and for left hands). To prevent
possible cognitive/motor interference in the hemisphere control-
ling the responding hand, which may be obtained when only one
hand is used for a long period (see Heister, 1984), the responding
hand was altered from one block to the next. For all subjects, each
session consisted of two halves, which were identical with respect
to the order of blocks. Each subject obtained a different order of
blocks, which was balanced according to a Latin square design. For
each block, the subjects were told to use the appropriate finger (in-
dex or middle finger), in order not to draw their attention to the dis-
tinction between compatible and incompatible conditions. Errors were
few, and error trials were repeated at the end of each block.

RESULTS

Median reaction times were computed for right- and
left-hand responses to right- and left-field stimulation for
compatible and incompatible light-finger relations; that
is, for each subject, eight values were obtained in Condi-
tion 1 (prone hand position) and eight in Condition 2 (su-
pine hand position). These median reaction times of the
responses were subjected to a four-way within-subjects
analysis of variance with the following factors: experimen-
tal condition (hands held in pronation or supination), field
of stimulus presentation (right or left), reacting hand (right
or left), and reacting finger (right or left). The correspond-
ing cell means and standard deviations are given in
Table 1.
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There were two significant main effects: Reactions with
hands held prone were 17 msec faster than reactions with
hands held supine [297 vs. 314 msec, F(1,7) = 6.42,
p = .039], and reactions with right-field stimulation were
14 msec faster than reactions with left-field stimulation
[298 vs. 312 msec, F(1,7) = 20.44, p = .0027]. For the
present study it was of greater interest whether an inter-
action occurs between field of stimulation and respond-
ing finger, which expresses the spatial compatibility ef-
fect for fingers. This interaction was in fact highly
significant [F(1,7) = 61.84, p = .0001]. Compatible
reactions, that is, reactions with right fingers to right lights
and left fingers to left lights, were 52 msec faster for
hands held in pronation and 61 msec faster for hands held
in supination than were incompatible reactions, that is,
reactions with right fingers to left lights and with left
fingers to right lights (271 vs. 323 msec and 284 vs.
345 msec, respectively; see Figures 1 and 2). The inter-
action between responding hand and field of stimulation,
which would express a compatibility effect for hands, was
not significant [F(1,7) = 1.79, p = .2232].

As Figures 1 and 2 illustrate, the spatial compatibility
effect for fingers did not shift from the palm-down to the
palm-up condition: The spatially right finger was always
faster with right-field stimulation than with left-field
stimulation (pronation, 270 vs. 334 msec; supination, 275
vs. 352 msec), and the spatially left finger was faster with
left-field stimulation than with right-field stimulation (pro-
nation, 271 vs. 312 msec; supination, 292 vs. 337 msec).
Correspondingly, with right-field stimulation the right
finger was always faster than the left finger (pronation,
270 vs. 312 msec; supination, 275 vs. 337 msec), and
with left-field stimulation the left finger was always faster
than the right finger (pronation, 271 vs. 334 msec; supi-
nation, 292 vs. 352 msec).

The interaction between experimental condition, field,
and finger (which would indicate a reversal of the spatial
compatibility effect) was not significant [F(1,7) = 3.60,
p = .0995]. Separate analyses of variance for the palm-
down and palm-up conditions showed that the interaction
between field of stimulation and responding finger was
highly significant in both cases [palm-down, F(1,7) =
52.13, p = .0002; palm-up, F(1,7) = 59.18,
p = .0001], but the S-R compatibility effect tended to be
somewhat larger for hands held palm up.

Table 1
Means of the Median Reaction Times (in Milliseconds) and Standard Deviations (_in Parentheses)
Left Light _ Right Light
Left Hand ‘Right Hand Left Hand Right Hand
Left Right Left Right Left Right Left Right
Condition Finger Finger Finger Finger  Finger Finger  Finger Finger
1 275 343 268 324 323 264 301 276
(19) (33) (32) (28) (52) (26) (39) (25)
(Prone Hand) MF IF IF MF MF IF IF MF
2 284 363 301 342 323 279 351 270
(20) (32) (35) (39) (40) (22) (43) (28)
(Supine Hand) IF MF ~ MF IF  IF MF  MF IF

IF = index finger; MF = middle finger.
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Figure 1. Means of the median reaction times for responses with
the right finger (filled circles) or left finger (unfilled circles) of the
right or left hand to lights in the right or left visual field under ex-
perimental Condition 1 (hands held in pronation).
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Figure 2. Means of the median reaction times for responses with
the right finger (filled circles) or left finger (unfilled circles) of the
right or left hand to lights in the right or left visual field under ex-
perimental Condition 2 (hands held in supination).

The interaction between experimental condition,
responding hand, and responding finger was significant
[F(1,7) = 12.86, p = .0089]. This may express anatomi-
cal finger differences, since turning the hands leads to a
reversal of right and left fingers. For example, the right
finger of the right hand with the palm held down is the
middle finger, and the left finger is the index finger; with
the palm held up, the right finger of the right hand is the
index finger, and the left finger is the middle finger. In
order to clarify this aspect, separate two-way analyses of
variance were performed for the palm-down and palm-
up conditions (factors: hand and anatomical, i.e., middle
or index, finger), for the right and left hands (factors: ex-
perimental condition and anatomical finger), and index
and middle fingers (factors: experimental condition and
hand), right and left field always being combined. A sig-
nificant interaction between hand and anatomical finger
for the palm-down condition [F(1,7) = 6.89, p = .034]
indicated that the index finger of the right hand reacted
much faster than the other fingers (284 vs. 304, 300, and
299 msec). For the palm-up condition, there was a sig-
nificant main effect for anatomical fingers [F(1,7) =
12.72, p = .009], indicating that, overall, middle fingers
reacted more slowly than did index fingers (323 vs.
305 msec). The analysis for right-hand reactions showed
a significant main effect for experimental condition [F(1,7)
= 7.21, p = .031], which indicates that reactions were
slower with hands held palm up (316 vs. 292 msec). A
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significant main effect for anatomical fingers in the same
analysis [F(1,7) = 10.91, p = .013] indicates that for
right-hand reactions there was a reliable diffcrence be-
tween index and middle fingers (295 vs. 313 msec) that
was not present for left-hand reactions [304 vs. 310 msec;
F(1,7) = 3.95, n.s.]. For left-hand reactions, the inter-
action between experimental condition and anatomical
finger was significant [F(1,7) = 16.94, p = .0045].
which indicates that the index finger of the left hand was
equally fast in the palm-down and palm-up conditions
(304 msec), whereas the middle finger was much slower
in the palm-up than in the palm-down condition (321 vs.
200 msec). The analyses for index and middle fingers
showed that only the middle fingers were significantly
slower under the palm-up than under the palm-down con-
dition [index fingers; 305 vs. 294 msec, F(1,7) = 3.09,
n.s.; middle fingers; 324 vs. 299 msec, F(1,7) = 7.17,
p = .032]. Altogether, the three-way interaction of the
grand ANOVA demonstrates an anatomical finger differ
ence in the sense that the index finger of the right hand
was fastest and that turning the hand palm up influenced
the reactions of the different fingers differently. These
anatomical finger effects do not affect the results for spa-
tial compatibility, since the reaction times relevant for this
effect are composed of the reaction times of index and
middle fingers.

Finally, an interaction was obtained between ex-
perimental condition, field of stimulation, responding
hand, and responding (right or left) finger [F(1,7) =
27.82, p = .0012]. This four-way interaction indicates
that for right-hand reactions in the palm-down condition,
the difference between incompatible and compatible finger
was smaller with right-field stimulation (where it was left
minus right finger) than with left-field stimulation (where
it was right minus left finger) and that this was reversed
in the palm-up condition. Left-hand reactions showed a
tendency to the opposite pattern. (In Figures 1 and 2, the
differences for incompatible minus compatible finger are
represented as the distances between values displayed one
above the other.) This was confirmed through a post hoc
two-way analysis of variance with the factors experimental
condition (prone vs. supine position) and field-hand rela-
tionship (compatible vs. incompatible pairing) for the
finger-compatibility effect, that is, for the difference
scores of incompatible and compatible fingers. This anal-
ysis showed that the finger-compatibility effect depended
on whether the responding hand was compatible with the
field of stimulation. In the prone position the finger-
compatibility effect was smaller overall with compatible
hand-field relations and larger with incompatible ones,
and in the supine position the reverse was true, as was
shown by a significant interaction between experimental
condition and hand-field relationship [F(1,7) = 12.84,
p = .0089]. This unexpected result might express a more
complicated kind of S-R compatibility effect than the one
that was under investigation here. It may be called a
second-order S-R compatibility effect, in the sense that
only the amount, not the direction (positive or negative),
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of the difference between incompatible and compatible
fingers is affected by the compatibility of responding hand
and side of stimulation.

No other main effects or interactions of the grand
ANOVA reached significance.

DISCUSSION

The main question addressed by this study was whether
a spatial S-R compatibility effect occurs with two-finger
choice reactions for hands held in the prone position, and
whether this effect persists when the palms are turned up-
ward. The results show a clear-cut compatibility effect
for fingers under both conditions, which was even more
pronounced with hands held in supination (see Figures
I and 2).

This effect is in accordance with the predictions of the
coding hypothesis of spatial S-R compatibility, which says
that the relative spatial positions of stimuli and responses
are encoded and compared, and thus produce an effect
irrespective of the anatomical posture of the response or-
gans. The neuroanatomical pathway hypothesis is immedi-
ately refuted, since it would not even predict different
reaction times for compatible versus incompatible S-R
pairings in the prone hand position, as the responses of
both fingers of one hand are initiated in the same
hemisphere. The mapping hypothesis, postulating a
natural association of right and left positions with ana-
tomically right and left fingers, is ruled out because it
predicts a reversal of the effect with the hand held su-
pine, contrary to our result.

Nevertheless, the mapping hypothesis may explain the
result that in the supine condition reactions were gener-
ally slower, which agrees with analogous results for the
crossed-hands test with bimanual reactions (see Nicoletti
et al., 1984). Mapping would then be present, but it would
be effective not for spatial compatibility but only for the
overall speed of response under each of the two condi-
tions. For hands held with the palms up, there would be
an incongruity between relative spatial positions of fingers
(for the right hand, index finger on the right side, middle
finger on the left side; for the left hand, vice versa) and
the spatial positions naturally mapped onto the fingers (for
the right hand, index finger = left, middle finger = right;
for the left hand, vice versa), which would cause the rela-
tive slowness under the palm-up condition.

However, the assumption of some mapping of right and
left positions onto the anatomical fingers, even if it is not
effective for spatial compatibility, depends on the presup-
position that the position with hands held in pronation is
somehow a more anatomically ‘‘normal’” position and
may thus define a mapping. This is not completely obvi-
ous at first glance, at least not as obvious as the fact that
the right hand is on the right side of the body and the left
hand is on the left. Thus it may also be pure kinetic differ-
ences between the two hand positions that caused the
retardation under the palm-up condition. This possibility
seems to be supported by the differential effects for fingers
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obtained between the two conditions, although the present
study cannot offer a final solution to this tangential
question.

Finally, our results also favor the coding hypothesis
over the attentional hypothesis. Since both responding
fingers were always either on the right or on the left side
of the body midline, we can conclude that it is the posi-
tion of the responding fingers with respect to each other
that is important for the observed effect, and not, as would
be required by the attentional hypothesis, their position
with respect to the body midline. The attentional hypothe-
sis would be consistent with our findings only by an ad hoc
extension that would assume that the tendency to react
toward the stimulus source somehow distinguishes be-
tween the relative positions of finger responses of one
hand on one side of the body midline.

Contrary to our proposal, Katz (1981) explained his
compatibility effect for unimanual two-finger choice reac-
tions by Simon’s attentional hypothesis, which refers to
a natural tendency to respond toward the source of stimu-
lation. This explanation was possible because his data,
unlike our results, did not allow for a clear decision be-
tween coding and attentional theories. Because in his ex-
perimental procedure hands were always held in the prone
position in the body midline, the right or left finger posi-
tion was confounded with the right or left side of the body.
Strictly speaking, our findings do not completely refute
the attentional hypothesis as an explanation for Katz's
results, since our investigation concerned only spatial
compatibility with relevant stimulus location. However,
in view of the strong similarity of the results for relevant
and irrelevant stimulus locations in the case of spatial com-
patibility for hands (see Umilta & Nicoletti, 1985), we
may hypothesize that the coding hypothesis is more ap-
propriate than the attentional hypothesis for effects with
irrelevant stimulus location as well.

Besides the spatial S-R compatibility effect that we ob-
tained for fingers under both experimental conditions,
which is the main outcome of this study, one of our other
results offers additional evidence against the attentional
and for the coding hypothesis. We did not obtain either
overall or in any one of the experimental conditions, an
interaction between hand and field; that is, no significant
spatial compatibility effect for hands occurred. This is
consistent with the coding hypothesis, since for each block
of trials the hand used for response was fixed and thus
only one hand was involved in the choice reaction. This
means that, with respect to responding hands, there was
no spatial relationship between two possible choice ef-
fectors. The attentional hypothesis, on the contrary, would
predict such an additional compatibility effect for hands.
Here, the position of the responding hand with respect
to the body midline would be effective as a position that
is favored by direction of attention if the stimulus occurs
on the same side. Similarly, the mapping hypothesis would
predict a compatibility effect between hands, because it
assumes that the anatomical right and left hand are im-
mediately conceived of as spatially right and left. The neu-



roanatomical pathway hypothesis would at least predict
a low reaction time advantage for compatible field-hand
pairings (although, admittedly, the sample may have been
too small to detect such a marginal effect).

It should be mentioned that two other studies have ob-
tained results that correspond to an additional compati-
bility effect for hands. Heister (1986) in a study with lexi-
cal decisions and unimanual two-finger-choice reaction,
found evidence for spatial compatibility effects for
responding hands. Umilta and Nicoletti (1985, Experi-
ment 3) asked their subjects to react with their right or
left hands to red and green stimuli coming from the same
position in either the right or left visual field, where the
field was fixed for each trial block in the experiment. They
obtained a spatial compatibility effect for responding
hands, although no relative spatial positions of the stimuli
were involved (i.c., here the lack of relative spatial in-
formation was on the stimulus, not on the response, side).
However, both of these studies investigated spatial com-
patibility with irrclevant stimulus location, and their
results may indicate a still uninvestigated difference be-
tween the two types of spatial compatibility.

There is yet another possible explanation for the ab-
sence of a spatial compatibility effect for responding hands
in our experiment.” We let the hands alternate from block
to block. One could speculate that subjects develop strate-
gies relying on features of the task that remain most con-
stant. In the present situation this would mean that a com-
patibility effect perhaps could occur if the hand used for
response were kept fixed throughout the whole experimen-
tal session, or at least over more than one block. This
could explain the different results mentioned above, be-
cause in Heister (1986) the responding hand was the same
throughout the experiment, and in Umilta and Nicoletti
(1985, Experiment 3) the stimulus position was the same
throughout each of the two trial blocks; that is, it was
changed only once per experimental session. However,
a confirmation of this possible explanation would run
counter to the coding hypothesis, which predicts the ab-
sence of a hand effect if no choice between hands is re-
quired by the experimental condition.

In addition to the S-R compatibility effect, some ana-
tomical differences between index and middle fingers are
present in our data. However, these anatomical effects
do not influence the spatial compatibility effect inves-
tigated in this study, since reaction times for compatible
versus incompatible reactions always included reaction
times for both index and middle fingers. Besides these
finger effects, an overall right-field advantage was ob-
tained. This right-field advantage is well known from
other studies of spatial compatibility and may be viewed
as expressing either a left-hemispheric specialization for
choice reactions (see Efron, 1963) or a general directed-
ness of attention to the right visual field (see Umilta &
Nicoletti, 1985, and the references therein, pp. 467ff.).

In conclusion, our results with unimanual two-finger
choice reactions strongly support the coding hypothesis,
implying a genuinely cognitive integration of sensuomotor
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relationships, and thus contribute to a general theory of
spatial S-R compatibility as a cognitive phenomenon.
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NOTES

1. Unlike other authors (e.g., Nicoletti etal., 1982; Umilta &
Nicoletti, 1985), we prefer to use the term spatial S-R compatibility or
(synonymously) spatial compatibility in a wide sense, denoting both rele-
vant and irrelevant stimulus locations. This seems to us to be appropri-
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ate, since otherwise a convenient general term for both aspects of S-R
compatibility for spatial relationships would be lacking. No unified ter-
minology has been established up to now. For example, Katz (1981)
used the term spatial compatibiliry in the same way we do, whereas
Nicoletti et al (1982) reserved the term for compatibility effects with
relevant stimulus location. Spatial S-R compatibility effects with irrele-
vant stimulus location are also called Simon effects (this proposal goes
back to Hedge & Marsh, 1975), which, however, does not imply that
these effects are explained by Simon’s theories (see text below).

2. This possibility was pointed out to us by an anonymous reviewer.

(Manuscript received March 11, 1986;
revision accepted for publication July 18, 1986.)



