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The role of contextual cues in the haptic
perception of orientations and the oblique effect
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Blindfolded right-handed participants were asked to position, with the right hand, a frontoparallel
rod to one of three orientations: vertical (0°) and left 45° and right 45° obliques. Simultaneously, three
different backgrounds were explored with the left hand: smooth, congruent stripes (parallel to the ori-
entation to be produced), or incongruent stripes (tilted relative to the orientation to be produced). The
analysis of variable errors showed that the oblique effect (higher precision for the vertical orientation
than for the oblique orientations) was weakened in the presence of contextual cues, because of an im-
provement in oblique precision. Moreover, the analysis of constant errors revealed that the perception
of orientations erred in the direction of the stripes, similar to the effect that has been found with vision,
where visual contextual cues (tilted frame or lines) divert the perception of the vertical. These results
are discussed in relation to a patterncentric frame of reference hypothesis or as a congruency effect.

In this study, we address the question of whether
contextual cues are integrated in the haptic (tactual-
kinesthetic) perception of orientations by humans. Pre-
vious experiments have provided clear evidence that ori-
entation processing differs according to the value of the
orientation. Indeed, the vertical orientation is perceived
more precisely than oblique orientations (for reviews, see
Gentaz, 2000; Gentaz & Ballaz, 2000; Gentaz & Tschopp,
2002). This anisotropy, called the obligue effect by Appelle
(1972), is present whatever the perceptual system involved
in the perceptual judgment. It has been found with a
great variety of tasks in visual (Attneave & Olson, 1967;
Furmanski & Engel, 2000; Gentaz et al., 2001; Luyat &
Gentaz, 2002; Mclntyre, Lipshits, Zaoui, Berthoz, &
Gurfinkel, 2001; McMahon & MacLeod, 2003; West-
heimer, 2003), haptic (Appelle & Countryman, 1986;
Gentaz, Badan, Luyat, & Touil, 2002; Gentaz & Hatwell,
1995, 1996, 1998, 1999; Gentaz & Streri, 2004; Hermens
& Gielen, 2003; Kappers, 1999; Kappers & Koenderink,
1999; Lechelt & Verenka, 1980; Luyat, Gentaz, Regia
Corte, & Guerraz, 2001), and somatovestibular (Gentaz
et al., 2001) systems.

The oblique effect in haptics has usually been shown
with a reproduction-of-orientations task in which blind-
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folded participants had to scan a rod with one hand and
to reproduce the previous orientation with the same or
the contralateral hand (Appelle & Countryman, 1986;
Gentaz & Hatwell, 1995, 1996, 1998, 1999; Lechelt &
Verenka, 1980). Evidence for a similar oblique effect has
also been shown with a production task (Gentaz et al.,
2002) in which a rod had to be oriented to a given orien-
tation (vertical, horizontal, or oblique) following verbal
instructions and without previous coding of the tested
orientation. In contrast to the reproduction of orienta-
tions that have been previously explored but not verbally
defined, performance on the production task appears
more likely to be based on internal models of spatial ori-
entations, as has been suggested by previous researchers
(Heeley & Buchanan-Smith, 1990; McIntyre et al., 2001;
Morgan, 1991).

Essock (1980) has proposed a distinction between
“Class 1 oblique effects,” observed when one is measur-
ing the basic functioning of the visual system (acuity or
contrast threshold), and “Class 2 oblique effects,” ob-
served in paradigms in which cognitive processes in-
volved in identifying, remembering, or categorizing the
orientations of stimuli are emphasized. Class 1 effects can
be explained consistently by the properties of orientation-
selective neurons (Li, Peterson, & Freeman, 2003; West-
heimer, 2003) and may be tied to a retinocentric frame of
reference (Banks & Stolarz, 1975; Chen & Levi, 1996;
Corwin, Moskowitz-Cook, & Green, 1977; Furmanski &
Engel, 2000; Lennie, 1974; Orban, Vandenbussche, &
Vogels, 1984; Saarinen & Levi, 1995). The origin of
Class 2 oblique effects is less clear. Essock, Krebs, and
Prather (1997) suggested that Class 2 oblique effects can
be explained by a general bias in the representation of
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oblique stimuli, which may stem from the fact that any
oblique orientation can be encoded in relation to the ver-
tical and horizontal norms that define a reference frame,
whereas the vertical and horizontal orientations can be
encoded directly (Foster & Westland, 1998; Gentaz, 2000;
Regan & Price, 1986). In this perspective, identifying the
nature of the spatial reference frame in which the orien-
tations are mapped should make a better understanding
of the origin of the Class 2 visual oblique effect possible.

Different reference frames can be selected to define
an orientation in space. Classically, a broad distinction
has been made between spatial frames that are egocen-
tric (with the participant’s body as reference) and those
that are allocentric (with environmental cues as refer-
ences; for reviews, see Howard, 1982; Rock, 1990; Wade,
1992). Several egocentric reference frames can be de-
fined: (1) a retinocentric reference frame specifically
relevant for visual tasks, (2) head- or trunk-centered ref-
erence frames implied in both visual and haptic tasks,
and (3) a hand/shoulder—centered reference frame that
can be relevant for haptic tasks. The allocentric reference
frame can be divided into a gravitational frame, defined
by the direction of the gravity pull (geocentric frame),
and patterncentric reference frames, defined by visual or
haptic contextual cues. In natural conditions, the gravi-
tational, body-centered, and visual reference frames are
most often aligned. Consequently, the visual and haptic
oblique effects could result from either egocentric or al-
locentric mapping of orientations. However, in the ab-
sence of visual or tactual contextual cues, tilting the head
or the body uncouples the gravitational and the egocen-
tric reference frames, which then allows one to specify
the reference frame with respect to which orientations
are defined (for a review, see Luyat et al., 2001).

Adopting this perspective and using a reproduction-
of-orientation task in haptics (Luyat et al., 2001) and in
vision (Luyat & Gentaz, 2002), we have found that the
oblique effect was mapped in neither a gravitational nor
an egocentric reference frame but, rather, in a subjective
gravitational frame of reference that was tilted in the
same direction as that in which the head or body was
tilted. Actually, the oblique effect observed in the upright
posture disappeared in tilted conditions, mainly because
of a decrease in the precision of the vertical and hori-
zontal settings. In tilted conditions, the subjective verti-
cal—the apparent gravitational vertical for each partici-
pant, which was physically oblique in the tilted posture—
proved to be the orientation reproduced most precisely.
This frame of reference could be subject to cognitive fac-
tors such as voluntary control, as has been suggested by
previous work (Attneave & Reid, 1968).

In these experiments, the stimulus consisted of a sin-
gle rod without any contextual cues around it. However,
for vision, it is well known that perception of spatial ori-
entation is enhanced when vertical contextual cues are
available and, as a consequence, is strongly affected by
a roll or pitch of single tilted lines or by a more struc-
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tured context, such as a room (Groen, Jenkin, & Howard,
2002; Howard & Hu, 2001; Luyat & Ohlmann, 1997,
Luyat, Ohlmann, & Barraud, 1997). When a square frame
is used to enclose a stimulus rod that is to be adjusted to
the vertical, the angular function is complex, because a
square frame has four major axes: the vertical and hori-
zontal axes and, also, the two diagonal axes, which could
exert an influence. Beh, Wenderoth, and Purcell (1971)
have proved that for a display with a small angular size
(7.57°), the judgmental bias is strongly influenced to-
ward the axis nearest to the gravitational vertical—that
is, the side or the diagonal, depending on the tilt of the
frame. With a large square frame subtending an angular
size of about 20°, the deviation of the settings seems to
systematically be in the direction of the context from 0°
to 45°, with a maximum effect around 15° of tilt (Spinelli,
Antonucci, Goodenough, Pizzamiglio, & Zoccolotti,
1991). Moreover, given the strong influence of visual di-
rectional cues on the perception of orientation, whether
there is a possible role for the visual frame of reference
in the oblique effect remains an open question.

In haptics, the effect of contextual cues on the per-
ception of orientation has not yet been investigated, ex-
cept by Walker (1972), in a short report in which the par-
ticipant had to position a rod to the vertical while passing
the right hand through a tilted grid. This author reported
an effect, but unfortunately, both precise data and im-
portant methodological aspects, such as the amount of
tilt used, were not provided. Thus, research is needed,
first, to prove that contextual cues have a role in the hap-
tic perception of orientations. This is precisely the main
objective of the present research. The haptic perceptual
field remains greatly reduced, as compared with the vi-
sual field, even when both hands are used with active ex-
ploratory movements, As a result, the perceptual cues
that are relevant in a task (or useful as a spatial exocen-
tric reference frame) are less available in the haptic than
in the visual modality. Moreover, voluntary movements
must be made in order to compensate for the smallness
of the haptic perceptual field. As a result, haptic percep-
tion is highly sequential. However, the latter property per-
mits contextual effects to be reduced in haptic perception,
as compared with visual perception, in which this is not
the case, because of the presence of simultaneous periph-
eral (contextual cues) and central (the target) stimulation.
This difference is important and can explain, for exam-
ple, why the Delboeuf illusion (in which a circle enclosed
in another circle is perceived to be bigger than a same-
sized circle perceived alone) exists only in vision (see Gen-
taz & Hatwell, 2004): It is not observed in haptics because
the inner circle (the target) can be scanned with one hand
without contact with the outer circle (contextual cues).

In the present experiment, we asked blindfolded sit-
ting participants to use the right hand to position a rod in
three different spatial orientations in the frontoparallel
(vertical) plane: to the vertical and along two oblique ori-
entations 45° to the left and to the right of the vertical
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one. This production task was carried out with four dif-
ferent backgrounds: (1) in the absence of contextual cues
(smooth), (2) in the presence of congruent contextual
cues (stripes parallel to the orientation to be produced),
(3) in the presence of a context of stripes tilted to the left,
and (4) in the presence of a context of stripes tilted to the
right of the orientation to be produced. The performances
of the orientation adjustment were estimated using two
independent measures: precision (variable error) and ac-
curacy (constant error). Using the right and the left
hands at the same time, with one hand exploring the con-
text and the other adjusting the stimulus rod to the ex-
pected orientation, allows simultaneous stimulation by
both the context and the stimulus. In this case, effects
similar to those found with vision are more likely to be
observed. More precisely, two main hypotheses were for-
mulated. First, in the absence of contextual cues, an
oblique effect could be expected, with a better precision
for vertical production, relative to oblique production.
Second, the contextual cues could affect the production
of orientations and the oblique effect. More precisely, in
the presence of congruent contextual cues, the oblique
effect could be weakened, due to an enhancement of
oblique production. In the presence of incongruent con-
textual cues, the perception of orientations could be af-
fected in the direction of the contextual cues.

METHOD

Participants

Twenty participants (13 females, 7 males; mean age = 23.5
years, SD = 3.53, range = 19-28) were tested. All the participants
were right-handed (as assessed with the Edinburgh scale; see Old-
field, 1971) and used their preferred hand. They gave written in-
formed consent for their participation. All of them were completely
unaware of the task and of the objective of the experiment.

Materials

The haptic apparatus was composed of a vertical grooved metal-
lic disk (diameter, 40 cm) equipped with arod (25 X 1.8 cm). This
disk was engraved with stripes with a width of 3 mm and a depth of
0.5 mm, with a 3-mm space between the stripes. The rod, mounted
on the center of the disk and maintained directly in contact with it,
could be independently rotated 360° around its central axis. Mag-
nets were fixed inside the rod to keep it in contact with the disk and
to prevent involuntary deviation from its standard position during
haptic scanning. However, a small amount of force was required for
its position to be changed intentionally. The disk was graduated in
degrees (the sensitivity threshold of this display was equal to 0.25°).
The rod and the disk were positioned in the frontal plane and were
centered on the participant’s body midline as he or she remained in
a sitting posture during the test. The height of the disk was adjusted
with reference to the participant’s height, so that the center of the
disk was at the level of the participant’s solar plexus (see Figure 1).

Procedure

The participants were taken individually into a quiet room in
which the rod device was hidden by a dark cloth; thus, they had no
previous visual experience of the test apparatus. After the partici-
pants had been blindfolded with a “sleeping” mask (Quies, www.
quies.com), the apparatus was uncovered.

Four conditions were studied. It must be noticed that the partici-
pants were unaware of the different backgrounds that were pre-

Figure 1. Schema of the test apparatus in the control condition.

sented during the experiment. These conditions, for which the order
of presentation were randomized for each subject, were the following.

1. Control condition (no contextual cues). In this condition, a
sheet of paper was inserted between the rod and the disk in order to
prevent tactile cues for orientation being given to the left hand.

2. Congruent context condition. In this condition, the sheet was
taken off, and the stripes covering the metal disk could be perceived
by the left hand. The disk was positioned so that the orientation of
its stripes were the same as that of the standard (0°, —45°, or 45°).

3. Left-tilted context condition. In this condition, the stripes cov-
ering the metal disk were positioned 22.5° counterclockwise rela-
tive to the standard orientation.

4. Right-tilted context condition. The stripes were clockwise
tilted 22.5° relative to the standard orientation.

In each of these conditions, the participants were instructed to
align the rod to three different standard orientations: 0° (vertical),
—45°, and +45°. Clockwise tilt from the standard orientation was
noted positively, whereas counterclockwise tilt was noted nega-
tively. Gravitational definitions of the vertical were given: “the di-
rection of the rain without wind” and “the direction of a plumbline.”
Oblique orientations were defined as being the middle of the right
angle constituted by the vertical and the horizontal. Six trials were
performed for each orientation, and the order of presentation for the
30 orientations was randomized for each participant. During the ad-
justment, no time limit was imposed, and no feedback was given
after the adjustment. The participants were told that the right hand
should be used to position the rod without its touching the disk lo-
cated behind. During the trial, the palm of the left hand was in per-
manent contact with the disk, exploring with small movements of
the fingers the left half of the disk at the left of the rod. A few tri-
als were given in order to familiarize the participants with the in-
structions, and during the task, the experimenter monitored perfor-
mance to ensure that the instructions were followed. The experimenter
took care that the left hand was always in contact with the disk. The
initial rod position was 33.75° away from the standard orientation,
and the direction (counterclockwise and clockwise) was counter-
balanced over the six trials.

RESULTS

Data analyses were carried out on the angular differ-
ence (in degrees) between the standard position and the
position of the response rod. Thus, the algebraic devia-



tion from the tested orientations was noted: Deviations
to the left (rod turned counterclockwise) were counted
as negative, and deviations to the right (clockwise) were
counted as positive. Two measures were computed here:
the variable error (or within-subjects variability; stan-
dard deviation) and the constant error (mean signed er-
rors). As has been noted by Howard (1982), accuracy in
judging an orientation is indicated by the mean signed
error with which a person is able to set a line to this ori-
entation. A person’s precision or sensitivity is indicated
by the mean unsigned error or by the standard deviation.
Thus, the constant error is the mean of the algebraic dif-
ferences between the positions of the standard rod and
the response rod, calculated over the six trials. This mea-
sure can indicate whether a systematic deviation (or
bias) of the response is observed and whether this devi-
ation errs in the direction of the contextual stripes in
Conditions 3 and 4. The variable error is the standard de-
viation computed for each participant over the algebraic
deviations obtained during the six trials in each condi-
tion. A .05 alpha level was adopted throughout the sta-
tistical analyses. The results are summarized in Table 1.

Variable Errors

In order to know whether the haptic perception of ori-
entations and, in particular, the classical haptic oblique
effect (higher precision in vertical orientation than in
*45° oblique orientations) was influenced by the nature
of the contextual background explored with the left hand,
we conducted a 4 (context) X 3 (orientation) analysis of
variance (ANOVA), with repeated measures on these
factors on the variable error (precision of adjustments).

The main effect of orientations was significant
[F(2,38) = 62.47, MS, = 3.92]. An oblique effect was
evidenced: Post hoc analysis (Newman—Keuls test) showed
that the vertical was estimated more precisely (M =
1.892°) than both the —45° oblique (M = 4.605°) and the
+45° oblique (M = 5.161°) orientation. These two oblique
orientations did not differ significantly. Furthermore, the
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analysis revealed a main effect of context [F(3,57) =
11.97, MS, = 4.374]. The precision in the presence of a
congruent context was higher (M = 2.754°) than that ob-
tained in the other conditions considered separately
(Newman—Keuls test). The precision of the adjustments
obtained in the control condition (M = 5.025°) was sig-
nificantly lower, relative to each of the other conditions.
A post hoc analysis failed to reveal a significant differ-
ence between right- and left-tilted contexts (M = 4.023°
and M = 3.742°, respectively).

The interaction between context and orientation fac-
tors was also significant [F(6,114) = 2.89, MS, = 2.80;
see Figure 2]. The contextual haptic cues did not have
the same influence on the perception of the different ori-
entations. The effect was stronger for the oblique orien-
tations than for the vertical. However, preplanned partial
analyses showed that, for the vertical orientation, the
congruent context significantly improved the precision
of adjustment, in contrast to the three other conditions
[(F1,19) = 10.84, MS, = 0.54]. A similar context effect
was found for the —45° oblique [F(1,19) = 14.38, MS, =
4.47] and for the +45° [F(1,19) = 12.98, MS, = 3.89]
orientations. As a consequence, the oblique effect was
weakened in the presence of contextual cues, due to an
improvement of oblique precision, particularly in the
congruent context condition.

Constant Errors

In order to investigate whether systematic deviations
were present as a function of the tilted background, an
analysis was conducted on the constant errors (mean
signed errors). A 4 (context) X 3 (orientation) ANOVA,
with repeated measures on these factors, revealed a main
effect of context condition [F(3,57) = 2.81, MS, = 25.38].
Contextual cues led to systematic deviations in the per-
ception of orientations. A post hoc analysis showed that
the left-tilted background led to a significant deviation
in its direction (M = —1.822°), relative to the right-tilted
stripes background (M = 0.828°). Neither the main ef-

Table 1
Perception of Orientations (Variable Errors and Constant Errors, in Degrees, With
Standard Errors of the Means) as a Function of Orientations and Contexts

Context
Left-Tilted Right-Tilted
Control Congruent Context Context
Orientation M SEM M SEM M SEM M SEM
Variable Errors
0° 2290  0.176 1.424  0.156 1.870  0.153 1.984  0.217
—45° 5.921 0.515 3.053 0.520 4.109 0414 5.338 0.602
+45° 6.864  0.522 3.784  0.621 5.248 0.557 4.747 0.534
Constant Errors
0° —0.150  0.418 —0.367 0.541 —1.900  0.765 —-0.229  0.625
—45° —1.079 1.590 —0.246 1.341 —2.263 2.354 1.829 1.780
+45° 0.617 1.768 —0.458 1.417 —1.304 2515 0.883 2.605
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Variable Errors in Degrees
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Figure 2. The perception of orientations (variable errors in degrees) as a function of con-

text and orientation factors.

fect of orientation nor the interaction between the two
factors was significant [F(2,38) < 1, MS, = 157.90, and
F(6,114) <1, MS, = 34.19, respectively].

DISCUSSION

In this research, we have studied the influence of con-
textual cues on the haptic perception of orientations and
the oblique effect. Blindfolded participants had to posi-
tion a bar with their right hand to three different orienta-
tions in the frontoparallel plane: the vertical (0°) and the
symmetrical obliques (—45° and +45°). During this ad-
justment, the left hand was touching the background of
the half of the disk to the left of the rod. Four contexts
were investigated: a smooth background (control condi-
tion), a congruent context (the stripes engraved on the
disk were parallel to the orientation to be estimated), and
two incongruent contexts in which the stripes were tilted
to the left and to the right of the participant, respectively,
relative to the standard orientation.

Concerning the precision of adjustments (variable er-
rors), the oblique effect obtained in the control condition
(no context) was similar to that obtained previously by
Gentaz et al. (2002) with a similar method of direct esti-
mation of orientations (production task). Indeed, most
experiments on the haptic oblique effect have been car-
ried out with a reproduction task in which an unknown
but previously scanned orientation had to be memorized.
The present experiment confirms that a haptic oblique
effect in the frontoparallel plane can be evidenced with
a production task that involves a cognitive representation
of orientations, probably on the basis of an internal model
of gravity. More interesting is the fact that tactile con-
textual cues had an influence on the production of oblique
and vertical orientations, particularly on the oblique ef-
fect. When the context was congruent with the standard
orientation, the precision of adjustments (variable error)

was improved, an effect very similar to the effect exerted
by visual vertical cues on spatial orientation (see the in-
troduction). During incongruent context scanning, the
precision of orientations, particularly for the obliques,
also tended to be enhanced, and as a consequence, the
oblique effect was significantly weakened. However, this
improvement does not mean that accuracy was enhanced,
since an analysis of constant error revealed that devia-
tions erred in the direction of the stripes. Thus, the pres-
ence of a context, congruent or not, diminishes the vari-
ability of estimations and, therefore, enhances the pre-
cision of the production of orientations. Furthermore,
the mismatch between the orientation to be produced and
the context (incongruent condition) revealed a tendency
to adjust the rod in the direction of this context. These
overall results fit well with a haptic frame of reference
that can be used in determining orientations in space, al-
though further experiments are needed to rule out a con-
gruency effect, a direct influence of the context on the
perceived rod. Further experiments are needed to address
these hypotheses more clearly—in particular, by study-
ing the complete function of the inclination of a context
and by using a more structured pattern (oriented frame).

Another interesting aspect of these results is the fact
that the contextual cues picked up by the left hand were
processed, since the haptic estimation of orientations
made by the right hand was affected. As was noted pre-
viously, the haptic sense picks up information in exter-
nal space in a sequential way, at least when only one
hand is used. This sequential exploration can weaken or
eliminate an effect of the context. However, this research
shows that when both hands are used simultaneously, the
left one exploring the background and the other orient-
ing the stimulus rod, information provided by the tex-
tured background is picked up by the left hand. This in-
formation is then processed at high levels of the tactile
information system and integrated into the sensorimotor



process controlling the right hand. As a consequence,
contextual cues influence the perception of the oriented
stimulus rod. Thus, when hands simultaneously explore
external space, context effects similar to those found in
vision, even though different central processes are relied
on, are likely to appear.
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