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Abstract. If you have multiple objects in your pocket, some are easy
to find among the other ones, for instance, when they differ much in ma-
terial properties or shape. Information on which haptic features stand
out among others is valuable for research into the haptic system in gen-
eral, but also for haptic interface design. In this research we focussed on
saliency of shape, by letting subjects search for cubes or spheres. Re-
sponse times were measured as a function of the number of items. We
found that search for a cube among spheres is more efficient than search
for a sphere among cubes and that the dynamics of the sliding of the
shapes along each other play an important role in haptic search.
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1 Introduction

Keys, some loose change, a mobile phone and a handkerchief are all examples
of objects that might be in your pocket at any given time. Several times a
day we reach into our pocket to take out one of these items. Some of these
items are very difficult to find and sometimes we resort to taking out the whole
content of our pocket to visually find what we were looking for. Other items are
remarkably easy to find using only the haptic modality. For instance, when the
item you want to find differs much in size from the other items or is made out of
a material that is perceived as very different from the rest. Besides relative size
and material properties, shape can provide an important cue for finding a specific
item. So what makes some objects stand out among others? This is an important
question, because it gives insight into how haptic object recognition takes place
and thereby provides important information on the haptic system. On the other
hand, knowing which haptic features are detected fast and accurately can also
be of value for haptic interface design. For instance, to render easy recognizable
virtual haptic objects.

In vision, object saliency has often been addressed using search tasks [1].
Usually varying numbers of items are displayed on a screen and subjects are
instructed to respond as fast as possible whether a certain target item is present
among the other items. Response times are then measured as a function of the
number of items. The slope of a straight line through the points indicates the
extra search time needed per extra item and is a measure for how much a target
item stands out among other (distractor) items. The search paradigm has been
proven to be very useful in vision and can be extended to the haptic domain.
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It has been shown that the haptic system is quite accurate when it comes
to recognition of familiar objects [2]. Object recognition often can even be done
through only brief contact with the object, which has been labeled a ‘haptic
glance’ [3]. It is probable that there are primitive features that can be extracted
relatively fast by the haptic system to enable such fast object recognition. So
what are these features? Lederman and Klatzky looked into this problem using a
haptic search task. In their setup, varying numbers of items were pressed onto the
subjects’ fingers [4]. Consequently, exploratory movements were constrained to
small finger movements. They found that especially search for material properties
such as roughness was efficient, but also search for an edge among no-edge items
was relatively fast.

Most research on haptic shape perception has been concerned with curvature
perception. When exploring objects with sizes that can be easily held in hand, the
pressure profile on the skin and the cutaneous signals that arise are important. It
has been shown that subjects can discriminate curved surfaces pressed to their
finger pads using cutaneous information only [5,6]. Furthermore, subjects can
estimate the orientation of a cylinder pressed to the finger pad fairly well [7].

In daily life objects are not normally pressed onto the finger pads. In fact,
we usually hold multiple objects in our hand and we can freely rearrange these
objects. Besides the pressure profile on the skin, also the dynamics of the different
objects in terms of, for instance, how easy they slide along each other determine
how easy a certain object is found. We set out to investigate haptic search under
free exploration when grasping several objects, differing in shape, in the hand.
Because curvature and edges are important features for haptic shape perception
we used spheres, that have a curved surface without edges, and cubes that do
have edges. Subjects had to search for a sphere among cubes or a cube among
spheres. Response times were then recorded as a function of the number of
items. The slope of this function indicates the amount of extra time needed per
item and thereby is a measure of how efficient a search was performed. If this
is the same for the two conditions in our experiment, then this indicates that
curvature and edges are processed equally fast. To enable accurate response time
measurements, a stand alone device with a touch sensitive contact was custom
made.

2 Experimental Design and Setup

2.1 Participants

Eight paid subjects (5 male, mean age 22) participated in the experiments.
All subjects were right-handed according to Coren’s test [8] and none of them
reported any known hand deficits.

2.2 Stimuli and Setup

Stimuli consisted of spheres and cubes made out of brass. Both shapes had the
same volume and, consequently, the same mass. This ensured that there were
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no weight cues. The size of the shapes was chosen such that varying numbers of
the items could fit comfortably in the subject’s hand and would easily be ma-
nipulated. The spheres had a diameter of 1.9 cm and the cubes had edge lengths
of 1.5 cm. The objects were suspended from electrical wires, which could be
plugged into the touch sensitive contact of the response time measuring device.

Response times were recorded using a custom build stand-alone response time
measuring device. The flowchart of this device is shown in Fig. 1. The moment
of contact with the stimulus was registered through a touch sensitive contact
and response time measurement was started. Inside the device, a 50 Hz electri-
cal field was generated. When the contact was touched the impedance change
caused a drop in the field frequency. If this change reached a threshold value the
time measurement was started. This way, only one contact point was needed.
Furthermore, time measurement started when the touch-sensitive contact was
actually touched and not already upon approaching it. Time measurement was
terminated with a vocal response registered through a headset microphone. The
response time was then fed into a computer where it was stored. This enabled
accurate response time measurements, because it started at the moment the
stimulus was touched, while the subjects initialized the start of the trial them-
selves. Therefore, the beginning and ending of a trial were induced through quite
natural actions.

2.3 Experimental Design

Subjects were blindfolded during the experiments. Because there were no notice-
able sound differences between target present and target absent trials, there was
no need for the subjects to wear earplugs. To be certain of optimal performance,
subjects were instructed to use their dominant hand. Before a trial was started,
they placed their hand palm up in a holder (Fig. 2). They were instructed to
reach upwards and grab all items simultaneously and respond as fast as possible
if a target item was present (by calling out the Dutch equivalents of ‘yes’ and
‘no’). It was also emphasized that the answer should be correct. During trials
they were allowed to release items from their hand, but they were instructed
to only do this when they thought this would enhance the efficiency of their
performance. There were no restrictions on hand movements.

The experiment consisted of two conditions. In the first condition a sphere
was the target item and cubes were the distractor items. For the other condition
target and distractor identities were interchanged and the target item was a
cube while the distractor items were spheres. In both conditions the number of
items was varied and the subjects were presented with a total of 3, 4, 5, 6 or 7
items. The different conditions were performed in separate blocks of trials and
each block took approximately 45 minutes. Subjects were informed that they
could ask for a five minute break if they felt they were getting tired, but none of
them did. Subjects were informed of which shape would be the target item. All
subjects participated in both conditions and the order in which the conditions
were performed was roughly counter-balanced over subjects. In each condition
they performed 20 trials for each number of items and in half of the trials a target
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Fig. 1. Flowchart of the stand-alone response time measuring device. Time measure-
ment was started when a touch-sensitive contact was touched and it was terminated
with a vocal response.

item was present. For each trial a new set of stimuli was suspended. The blocks
of trials were preceded by a minimum of 20 practice trials until 10 in a row were
performed correctly. For none of the subjects did the training session exceed 30
trials. During training as well as during the actual experiment subjects received
feedback on whether their answer was correct. When an incorrect response was
given, the trial was repeated at the end of the block.
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a b

Fig. 2. Picture of the setup. a) The subject’s hand was placed in the holder below the
stimulus. In this case the stimulus consisted of a sphere among cubes. b) The subject
reached upwards and grasped all items simultaneously. Response time measurement
was started upon physical contact with the stimulus.

3 Results

Fig. 3 shows the response times as a function of the number of items averaged
over all subjects. In Fig. 3a target present trials for both conditions are presented,
while the target absent trials are shown in Fig. 3b. Error rates were below 1.5%
in each condition. The maximum number of trials that had to be repeated in
one block of trials was three, so increased exposure to the experiment due to
repetition of trials was negligible. It can be seen that for both conditions the slope
for the target absent trials was higher than for the target present trials. This is
commonly found in search tasks in both the visual and the haptic domain. The
slope for the sphere among cubes was higher than for the cube among spheres
for target present as well as target absent trials. In the target present case linear
regression yielded a slope of 70 ± 7 ms/item (SE) for the cube among spheres
and 112 ± 20 ms/item for the sphere among cubes. For the target absent trials
these slopes were 180 ± 10 ms/item and 533 ± 20 ms/item, respectively.

Linear regression was also performed on the single subject data for target
present and absent trials in both conditions (R2 ≥ 0.78). A 2 by 2 (condition ×
target presence) Analysis Of Variance (ANOVA) was performed on the slopes
resulting from the linear regression. This showed significant main effects for con-
dition (F1,7 = 21.2, p = 0.002) as well as target presence (F1,7 = 32.9, p = 0.001)
and the interaction term (F1,7 = 14.9, p = 0.006). The significant interaction
term indicates that the slope difference between target present and absent trials
depended on the condition. When distractors were spheres the ratio between the
slopes for target present and absent trials was approximately 2.5 while when the
distractors were cubes this ratio was almost 5.
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Fig. 3. Response times, averaged over subjects, as a function of the number of items.
The error bars indicate the standard error. The solid line represents linear regression
to the cube among spheres condition, while the dashed line represents linear regression
to the sphere among cubes condition. The slopes resulting from the regression are
indicated in the graphs. a) Target present trials and b) target absent trials.

4 Discussion and Conclusions

Our results show that haptic search for a cube among spheres is significantly
different from search for a sphere among cubes. Note that the only difference
between these conditions was reversing target and distractor identities and such
differences are usually referred to as search asymmetries. The search slope for a
sphere among cubes was larger than for a cube among spheres indicating that
the former was more difficult. This indicates that it is easier to find an item with
edges among items without edges than the reversed case. Another part of the
explanation could be related to the fact that it is easier to manipulate a hand
full of spheres than a hand full of cubes. The mutual contact area between two
cubes is much larger than for two spheres; consequently friction is much higher
when rearranging a hand full of cubes.
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There was also a large difference in the ratios between target present and
absent slopes between the two conditions. This was also indicated by the signif-
icant interaction term in the statistical analysis. The large slope for the target
absent trials in the sphere among cubes condition suggests that subjects were
more uncertain on whether there was a target item than in the cube among
spheres condition, while in the target present trials the target was found rela-
tively fast. Mixed cubes and spheres do not stack very well and when squeezed.
the target cube or sphere will probably slide out from between the distractors.
In target absent trials, when no target slid out, subjects had to search the items
more elaborately to be certain there was no target item. The results suggest
that subjects could use this cue. During training trials they could already learn
to use this cue making it unlikely that there was a learning effect during the
actual experiment. The large target absent search slopes when cubes were used
as distractors suggest that cubes were more difficult to manipulate than spheres.

Extensive research of visual search tasks has led to various models that usually
distinguish between parallel and serial search [9,10]. In a serial self terminating
search, all items are visited subsequently. The ratio between target present and
absent search slopes would then be 1 : 2, because in target present trials on average
only half of the items has to be visited before the target is found, while in target
absent trials all items have to be visited. If this ratio is larger than 1 : 2, search
is more efficient than purely serial and several items are processed simultaneously
(parallel search). On the other hand, ratios much smaller than 1 : 2, like 1 : 2.5
and 1 : 5 as found in the present experiment, are not commonly found in visual
search tasks. A smaller ratio could be explained by subjects visiting items several
times instead of all items once.

An important difference between the present research and previous visual and
haptic search tasks is that subjects could freely manipulate and rearrange the
items in our design. This means that the dynamics of the shapes when sliding
along each other when grasped and manipulated by the subjects play a role in
the present research. This factor has never been present in previous research
involving search tasks in both the visual and the haptic domain.

In daily life, haptic search often involves manipulating three-dimensional ob-
jects in our hand. By presenting subjects with three-dimensional items held in
their hand we investigated haptic search under conditions that resemble hap-
tic search in daily life situations. Not only do our results show that edges are
detected relatively fast, they show that the dynamics of sliding shapes can be
an important factor in haptic search tasks. For the design of haptic interfaces
in which operation must be fast and accurate, haptic saliency of certain shapes
might be used to make operation more efficient. Research such as presented here,
provides information on which shape features are important for efficient shape
recognition. This type of ‘primitive’ features could be used to render virtual
haptic objects that can be easily recognized by the user.
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