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Figure 1: Three-dimensional art objects and their touch patterns, revealed by fluorescent imaging. Results for the subtractive and
additive method are shown. These methods reveal a range of touching, tracing, and grasping gestures, which are useful for exploring
how humans interact with art and real-world objects.

ABSTRACT

It is human to want to touch artworks, to feel their surface curvature
and texture, their shapes and structures, and to feel the hand of the
artist [3]. Museum guards need to be constantly vigilant to protect
art objects from adoring and exploring touches by visitors. This
paper introduces a novel technique for capturing where and how art
objects are touched. In this method, the users’ touch either adds, or
subtracts, microscopic fluorescent particles from a three-dimensional
art object. Viewing the object under ultraviolet light reveals their
touch traces and gestures. We present human touch behavior for a
three-dimensional stylized landscape, and for two abstract and two
representational art objects. We also present the results of video
recordings of real-time behavior and user interviews. The resulting
data show the kinds of touches, and where they are directed, and
also reveal important individual differences. We feel this method
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opens the door to studying art perception through touch, and also en-
ables new kinds of studies into touch behavior in other applications,
including visualization, embodied cognition, and design.

Index Terms: Human-centered computing—Visualization—Visu-
alization techniques—; Human-centered computing—Visualiza-
tion—Visualization design and evaluation methods—Haptics

1 INTRODUCTION

Touch is a natural way people interact with objects. In her article
called “Art, Museums and Touch,” Fiona Candlin describes how
touching artworks gives immediate insight into how a surface is
explored and understood. It lets people push boundaries, such as
publicly patting the head of a lion sculpture or touching Juliette’s
breast, and the way people touch, through points and strokes, and ca-
resses, reveals emotional reactions [3,4]. Capturing these touches on
three-dimensional objects, however, is a technical challenge. Direct
touch methods, such as pressure sensitive sensors, require signifi-
cant instrumentation (e.g., piezoelectrics), often require modifying
the object to accept sensors, and may require the user to wear sen-
sor gloves that interfere with the touch behavior itself. Moreover,
technological sensing approaches are costly and require bespoke
solutions for different objects. Video methods can non-intrusively
approximate where an object has been touched, but cannot reliably
capture the variety of touches and gestures.

This paper describes the first application of a novel methodology
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Figure 2: Touch patterns on art objects using the additive method

we are developing for non-invasively capturing a wealth of human
touches on two- and three-dimensional objects. In this method, we
use a tracer substance called GloGerm1, which is used to simulate
how germs are spread by hand in healthcare and food processing
applications. In subtractive touch, objects are sprayed with a thin,
nearly-invisible powder coating of these microscopic ultraviolet flu-
orescent GloGerm particles. When the object is touched, the powder
is removed, and the touched regions do not fluoresce under ultravio-
let light. In the additive method, this fluorescent powder is applied
to the observer’s hands, and is transferred to the object’s surface
when touched. In this scenario, the touched regions fluoresce under
ultraviolet light. Our upcoming paper establishes the accuracy and
reliability of these methods to capture touch and trace gestures, and
shows how they can be used to capture touch behaviors associated
with directed tasks on constructed surfaces and objects. In this pa-
per, we explore human tactile behavior on more complex, artistic,
objects, to reveal what we touch when we are allowed to touch art
objects. We discuss the range of motions and touches used in a
free-touch environment, and explore individual differences. The
ability to measure where and how people touch art objects informs
our understanding of how we interact with art, but also provides a
methodology for studying tactile exploration in other contexts.

2 TOUCH IN VISUALIZATION RESEARCH

An additional motivation for this study is to break ground in a largely
unexplored area of visualization and physicalization research: the
role of touch for making sense of data representations. Research
in psychology offers many starting points: people learn to interpret
charts by tracing them with their fingers even if they don’t offer
tactile features [1], touching objects often supports learning and
memorizing their features better than just observing them [10, 14].
Tactile stimulation is used extensively in the Montessori pedagogy;
letters cut from sandpaper help children to learn the alphabet with
multiple sensory modalities [14]. Also data physicalization research
has shown that the ability to touch a tangible data object improves its
understanding [11]. So far, however, the visualization discipline has
largely overlooked the touch modality. Some data physicalization
researchers have used haptic feedback to represent data, though often
this involves single-channel touch information such as temperature
or vibration [2, 8]. Research on the design of tactile graphics and
data visualizations for the visually impaired has led to many new
insights [5, 6], though these results may not generalize to the larger
population, since reading tactile charts requires specialized skills
that individuals without visual impairments typically do not acquire.

1See https://www.glogerm.com

3 HUMAN TOUCH BEHAVIORS AND OBJECT QUALITIES

Attempts at generalization are limited by the finding that touch be-
haviors are individual-specific. “Need for touch” (NFT) scales are
one way to capture and characterize these behaviors along two di-
mensions: instrumental NFT and autotelic NFT [16]. People high
in instrumental NFT use touch to gather information and make judg-
ments about objects. Those high in autotelic NFT are hedonically
motivated to touch objects and enjoy the sensory and exploratory
aspects of touch [16]. Research using images of objects has shown
broad human preferences for touch related to qualities of the target
object. Rough surfaces are often perceived as less touchable —
for example, glass is preferred to concrete — though very smooth
surfaces may also be perceived as less touchable [13]. Very simple
and very complex object shapes are often perceived as less touch-
able [13], as well as less aesthetically pleasing [17]. Stroking touch
behaviors are particularly related to the perceived touchability of
objects and texture appears to be a primary driver of these behav-
iors [13].

4 INTERPRETATION OF TRACES

Our tracer substance generates persistent marks that offer a com-
pelling record of the user’s interaction with the object — a form
of autographic visualization [15]. Beyond the basic question of
where the object is touched, the traces offer clues about the quality
of touch: which parts of the hand are used, the intensity of touch,
whether fingers are moved across the surface. As unobtrusive mea-
sures, traces can offer a rich and multi-faceted picture and can be
interpreted from many different angles [18]. Webb differentiates
between traces of erosion and of accretion [19], which are also pop-
ular design metaphors in HCI and visualization, to convey ideas of
temporality and accumulation [7, 9]. In the context of our study,
these correspond to the subtractive and additive methods. We used
our method to capture touch and trace gestures on art objects, in a
controlled setting. To help us begin interpreting the meaning behind
these touches, we also recorded videos of the interaction and con-
ducted semi-structured interviews. Our goal is to provide tools to
explore the semantics of touch.

5 METHODS AND STUDY DESIGN

These experiments were designed to test the use of our subtractive
and additive fluorescent imaging methods to capture the many ways
art objects are touched. To simulate the museum experience, the
objects were set out on a table for display. The observers were free
to touch the objects as they chose, not driven by a specific task.

5.1 Stimuli
We selected five objects for study, which are shown in the first row
of Fig. 1. These included a simulated landscape, two abstract non-
representational objects, and two representational objects. In the
order shown in Fig. 1 from left to right, the objects were:

1. “Gauss” Gaussian surface sculpture created by overlaying four
positive and negative Gaussian functions. A rectangular object
milled from medium density fiber (MDF) board, and coated
with a semi-rigid, white opaque layer of epoxy resin, which
appears smooth, although imperfections of the coating are
visible and tangible.

2. “Skull” Novelty glass decanter that contains multiple contours
representing features of the human skull with a bottle neck and
a cork on top. It is a smooth and transparent glass object that
was filled with black lentils to increase visual contrast.

3. “David” Classic bust, inspired by Michelangelo’s David. This
reproduction is made from thin resin and has a rough surface.
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Figure 3: Touch patterns on art objects using the subtractive method.

4. “Spike” Spherical ceramic object covered with rounded 1-inch
high convex spikes. Its smooth mirror surface appears to be
made from metal, but is actually a ceramic glazing.

5. “Dog” Novelty bank reproduction of the famous balloon dogs
created by Jeff Koons. This reproduction is a hollow ceramic
object with double curved surfaces and smooth black glazing,
with a coin slot and removable plastic stopper.

5.2 Experimental Design
Data were collected in a blocked design, with different observers
serving in the additive and subtractive conditions. For both condi-
tions, the five objects were arrayed on a table, in varying orders. In
the subtractive condition, the GloGerm powder was suspended in
alcohol and air-brushed onto the object. This produced a nearly-
invisible layer of fluorescent particles. In the additive condition,
the fluorescent powder was applied to the observers’ hands before
touching the objects. In both conditions, the observer was instructed
to examine the objects, and to feel free to touch them however they
wanted. After each session, we photographed the objects under
ultraviolet light, from multiple directions, to capture an objective
measure of their touch patterns (Fig. 1). To capture the subjective ex-
perience of our observers, we video recorded their movements. We
used the video to better understand observers’ exploration process,
to contextualize the photographed touch outcomes with the touch
behaviors, and to capture incidental comments as they conducted
the task. At the end of each session, we conducted a semi-structured
interview, where we asked the observer what the experience was like
for them, which objects were their favorite, and if the objects felt
as they expected. The fluorescent material was removed from the
objects between sessions.

Three subjects participated in the subtractive condition, two iden-
tifying as male, one identifying as female. Four subjects, all identi-
fying as female, participated in the additive condition. Experiments
took place in July 2021. Participants were in their 20s and 30s.

6 RESULTS

6.1 Fluorescent Images of Observer Touches
The subtraction and addition of the fluorescent powder provided
an objective measure of where the objects were touched, which
we captured by photographing the objects under ultraviolet light.
Fig. 2 shows results from four subjects using the additive method.
Fig. 3 shows the results from four subjects using the subtractive
method. Both methods produced reliable results and demonstrated
touches and gestures made by a single finger, multiple fingers, and
the whole hand. Both methods produced clear results when viewed
under the ultraviolet light by the human eye. The photographic
images produced when the fluorescing material was applied to the

object (additive method) were more effective in capturing these touch
patterns. In the additive method, more fluorescing material was
present, producing higher contrast photographs. In the subtractive
method, less powder was used and in some cases residual powder
remained on the objects after cleanings which reduced the contrast
of the images.

6.2 Types of Touches
For each observer, we examined the photographic images of their
touch patterns and compared these with the video recordings of
their touching behavior. For both methods, we observed individual
regions where the powder had been deposited or removed, which
we identified as touches or path tracing by a single finger. Figure 4
shows a clear pattern of complex tracings on and around the peaks
of Gauss. We also observed whole-hand grasping patterns, where
the imprint of several fingers was captured. Figure 5 shows how the
legs and tail of Dog were grasped. Large regions where the material
was either added or removed indicated places where the shape or
curvature of the object was examined.

6.3 Relating Touch Images to Touching Behaviors
To understand images of touch patterns more fully, we compared
them to the touching behaviors captured in the video. In the videos,
we observed (1) one finger or multi-finger pointing and stroking
gestures, including path tracing, (2) whole hand stroking gestures,
including feeling textures and contours, (3) multi-finger grasping
gestures, including pinching objects to rotate them while they remain
on the table, (4) whole hand grasping gestures, including holding,
lifting, and enveloping objects in one or two hands. These touch
patterns revealed a wide range of different exploratory strategies.
We observed that for most objects, the first step for all participants
was to lift the object. When lifting objects, some participants used
one hand and turned the object around to look at it from all sides.
Others lifted it with two hands and rotated it in their palms to change
orientation. They cupped or grasped particular parts of the object,
and when they explored a specific region, they used the thumbs and
the sides of their fingers for tracing, not just the fingertips.

We made some preliminary observations on the types of touches
used on various objects. We noticed that Gauss was not lifted as
frequently as the other objects and that it elicited more tracing
behaviors, especially on the peaks and concavities. Participants
used their fingers to trace paths and points of interest, used multiple
fingers along curved surfaces, and also used their whole hand to
trace over the object. Many observers grasped the tail or nose of
Dog with their whole hand and often lifted it, using these areas as

Figure 4: Subject 171, subtractive traces on the object ”Gauss.”
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Figure 5: Subject 147, additive traces on the object Dog.

handles. Spike was often held in one hand with the fingers between
the spikes and Skull was often held in two hands. The miniature
David attracted fewer touches than the other objects.

6.4 Additive versus Subtractive
The additive and the subtractive methods have their advantages
for different objects and for emphasizing different aspects of the
interaction. The traces captured by the subtractive method had high
precision, but tended to be light and sometimes hard to capture
photographically (see Fig. 3). The associated videos show that the
subjects were more tentative in exploring objects that were prepared
in this way. This was unexpected: with the powder almost invisible,
the subtractive method was less intrusive. The additive method
produced more robust, higher-contrast traces. The participants had
to dip their hands into the powder, which was initially unpleasant for
some, but once that hurdle was overcome, their touches were less
tentative than with the subtractive method.

Both methods produced artifacts that limit their applicability.
In case of the subtractive method, it can be difficult to create an
even powder coating, and uneven areas can be confused with traces.
For the additive method, it makes a difference whether participants
thoroughly cover their entire hands in powder.

6.5 Tracing and Grasping
The majority of the impressions we captured reflected overall hold-
ing, moving, and turning the object with the whole hand. Gauss
elicited the most targeted touches and tracing gestures, perhaps
because it was heavier, and more awkward to pick up. Many single-
finger traces on Gauss were reminiscent of visual scan paths, cap-
tured by eye tracking, and to how visually impaired people are
trained to explore tactile information. We also observed multiple-
finger traces along contours and whole-hand impressions. We ob-
served an interesting interplay between visual inspection, kinesthetic
examination (such as shaking the object), and tactile exploration.
Many senses are used at the same time and support each other. With
regard to tactile exploration, we also observed an interplay between
the interrelated tasks of holding and supporting the object and ex-
ploring its surface. To explore tactile features, the participants not
only used their fingertips, but also their thumbs, the sides of their
fingers, their palms, and the whole hand.

6.6 Individual Differences Between Observers
All observers, in both conditions, touched all the objects. However,
individuals varied in their approach. Participants split their time
differently between the objects and occasionally touched the objects
in a different order than was suggested by their linear arrangement

on the table. Some participants spent more time touching objects
while others spent more time observing them visually. We observed
differences in the style of touching. Some observers were tentative
in their touches, others were enthusiastic and autotelic (S147), taking
aesthetic pleasure in the touch process. Some seemed analytical,
tracing contours of the object (S171), others seemed to explore and
caress the objects with painterly gestures (S193) and others simply
picked them up, turned them around and moved on. Gauss produced
the greatest variation in responses between observers.

6.7 Participant Observations

The participants commented on their experience during and after
interacting with the objects. For some objects, they mentioned that
touching gave them information that conflicted with their visual un-
derstanding. The apparently metallic, but actually ceramic, material
of Spike was surprising (S132) and Dog was described as heavier
than expected (S193). Curiosity about the material and particular
features of the objects were cited as motivating their touch (S133).
Some participants noted a change in interest in a particular object
after touching it, finding it better than expected (S133). Another
observer found the indentations of Gauss and the smooth surface
of Dog to be attractive and appreciated how easy it was to handle
Dog (S169). One participant expressed discomfort touching Spike
because it was unclear how to hold it. Participants also talked about
their past experience in interacting with the objects; for example,
one participant with a physics background mimicked the path of a
marble on Gauss (S171) and another mentioned disliking an object
because of bad memories of drawing classes (S147).

Subject differed in their appreciation of the powder. At least one
participant enjoyed dipping their hands into the tracer substance,
remarking that the powder made their hands less sweaty and gave
them more confidence in judging the object materials (S193).

A few people used sound to explore the objects. One remarked,
“I knock it because I want to distinguish are they all made by the
same material. I can distinguish those by the sound” (S193). Others
were observed tapping or shaking the objects.

7 DISCUSSION

Figure 6 shows sculptures from around the world that attract human
touch. Over the decades, people have been drawn to touch a nose, a
shoe, or another feature. These autotelic touches have been captured
by the gradual polishing of the bronze or the gradual smoothing of
the stone. Our experiments aim to develop a method that likewise
captures where and how we touch art objects, but on a much shorter
time scale.

In our method, microscopic fluorescent particles are either added
or removed from the surface when touched. Viewing these additions
or subtractions under ultraviolet light provides a clear record of
where the object was touched. Using this method, we were able
to capture and record different types of touch. In some cases, we
were able to distinguish which part of the hand created the mark,
and whether the object was actively explored or just held. Despite
the limited number of participants, the collected data show a surpris-
ingly rich variety of tactile interactions with the objects. We also
created video recordings of our observers’ touch behaviors, as a first
step toward interpreting the meaning of these touches. We found
that our observers not only touched the objects, traced paths on
their surfaces, caressed their contours and pinched their peaks, they
often picked them up, rotated, and explored them. In all cases, our
method captured the touch behavior, but interpreting this behavior is
quite complex. Different objects elicited different touch behaviors,
specific features of the object elicited different touch behaviors, and
individuals displayed different touch styles.
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7.1 Touching Physical Objects
We noticed that participants were more interested in exploring the
larger, heavier objects, Gauss and Dog, than the smaller, lighter
ones. In the videos, it seemed that the smaller objects were treated
like items in a gift shop. They were picked up and examined, often
cursorily, and sometimes only visually, and didn’t attract the variety
of traces and strokes the more substantial objects received. Gauss
elicited more exploratory and differentiated touches. The limbs of
Dog were large enough to fit perfectly into the palm of the adult
hand and seemed to invite this kind of grasping. While large-scale
sculptures, such as the Juliette in Verona and Michelangelo’s David,
encourage touch, it seems that their small-scale replicas may not
be as compelling. For example, our observers showed particularly
little interest in the head of David replica, which was quite small,
and made of a very light resin. In the future, we would like to
explore how scale affects how an object is touched. Variations in
how participants touch particular objects may be partially caused
by other object qualities. We saw that single finger or whole hand
tracing gestures were common on Gauss, which aligns with Klatzky
et al’s finding that smooth objects with medium complexity are most
inviting to touch, especially with stroking gestures [12, 13]. Perhaps
it wasn’t the size of the David sculpture that reduced its attraction,
but its complexity or rougher surface. However, Klatzky’s results
were obtained by subjects viewing pictures of objects. Future work
could repeat those experiments with real-world objects combined
with our method for recording touch behavior.

This method could also be used to explore the affordances of
objects more systematically, for example, whether objects that seem
graspable are in fact grasped more often. Also, our objects were all
static and stationary. This technique could be very useful to study
how people interact with composite objects with visible joints or
parts that can be moved or dismantled.

It would also be interesting to further explore the tactile apprecia-
tion of artworks. Having a lightweight non-invasive method could
provide insights into how the physical characteristics of a sculpture
or art object encourages different types of touches, how the concep-
tual meaning of the piece changes those touch patterns, and how
characteristics of the people who touch them play in this equation.

7.2 Documentation of the Traces
Although we were able to capture touch impressions photograph-
ically, improvements in our method may yield better results. We
found that seeing and interpreting touch traces was much easier
when actively inspecting the objects under ultraviolet light than
when viewing the photographic images. This may be because view-
ing a three-dimensional object directly provides more information
than we can capture in two-dimensional images of three-dimensional
objects. We also found that many precautions were required to care-
fully calibrate the contrast of the traces against the background and
minimize specular reflections in the photographs.

7.3 Implications for Visualization
Data visualization research is intimately connected with the study
of visual perception. Visualization design is both guided and con-
strained by what our visual system can discriminate and recognize,
and consequently many researchers engage in experimental studies
of perception. Data physicalization extends data representations into
physical space and consequently requires the study of tactile and
multi-sensory perception. At the moment, research here remains
limited and many data physicalizations are designed for visual con-
sumption. In some cases, this makes sense as many visualizations
can be readily translated into objects. However, vision and touch
provide different channels of information. Methods that allow us to
learn more about how we acquire and process information through
touch, and how we use touch to analyze and explore physical data
representations, can provide deep insight into these processes.

Figure 6: Examples of autotelic responses, where we are drawn to
touch art objects from around the world.

The capacity to touch could also be important for interaction
research, such as understanding the interaction with building maps
or architectural models that are sometimes used as navigational aids
in complex interior environments. It could also be useful to study
the process of skill acquisition for using manual tools and interacting
with unfamiliar interfaces. Future variations of this method, using
different tracer powders for different users, could be useful for
studying the collaborative exploration of objects. While we opted
for a more structured environment, our approach is extensible to
other real-world environments where the response is not constrained,
allowing behavioral experiments in the wild.

8 CONCLUSION

We have demonstrated a novel technique that can be used to visual-
ize how people touch art objects. Both the additive and subtractive
methods captured the observers’ touches. In these experiments, the
additive method seemed to encourage more expressive gestures and
resulted in higher contrast images; the subtractive method allowed
us to capture more nuanced touches and gestures. The two methods,
thus, might be best tuned for different touch tasks. For example, if
the goal is to capture the emotional response to sculptures, the addi-
tive method may be better suited; if the goal is to capture gestures
for exploring the fine-structure of a 3-D visualization of scalar data,
the subtractive method might be more appropriate.

The ability to reliably capture touch behavior can be used in a
wide range of different application areas. It can support perceptual
research aimed at understanding how touch patterns depend on
object characteristics, such as roughness and complexity. It could
also be used as a tool for data physicalization, for example, to
measure how tactile exploration varies depending on the task, or
to support research in embodied cognition, and in other domains
where knowing where and how people touch objects can inform our
understanding of the thought processes underlying these touches.

Being able to reliably measure where and how people use touch
is a key first step toward addressing the semantics and intent behind
touch gestures. In this experiment, video recording the observers
while they touched the art objects and capturing verbal feedback
on their interactions provided some preliminary insight. We think
this is an important research direction, which can open the door to
understanding touch behavior and its role in cognitive processing.
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