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Abstract 
 

The multi-sensory display of abstract data is a new 
and emerging area of study in the area of computer 
interfaces. Unfortunately the design of multi-sensory 
displays is complex and it is necessary to carefully 
consider the perceptual capabilities of humans. 
Therefore we aim to both collect useful guidelines that 
help designers of multi-sensory displays and to 
structure these guidelines by using appropriate high-
level principles. Gestalt principles suggest themselves 
as one possible framework for structuring multi-
sensory design guidelines. Gestalt theory explains how 
humans organise individual elements into groups and 
how humans perceive and recognise patterns. 
Unfortunately very little work has been done in 
evaluating how well these principles apply to the 
haptic sense. This paper focuses on how individuals 
use the sense of haptic (touch) to group display 
elements using the Gestalt principle of continuation. 
The hypothesis of the experiment is that people will use 
their haptic perceptions to group display elements in 
the same way they group elements visually. Overall we 
find this hypothesis to be true and that a significant 
number of subjects group haptic elements so that they 
can be interpreted as continuous lines and forms. This 
supports our hypothesis that the Gestalt principle of 
continuation is applicable for both visual and haptic 
grouping and therefore provides a useful principle for 
structuring multi-sensory design guidelines. 

 
1. Introduction 
 

Advanced computer interfaces provide new 
opportunities to develop more complex multi-sensory 
displays. When designing such displays it is necessary 
to consider human perceptual capabilities and 
understand how people find patterns, recognise forms 
and organise individual elements into structures and 
groups [11]. The design of multi-sensory displays is 

still an embryonic area of research and the process of 
how we perceive and process multi-sensory 
perceptions is still not well understood [4]. Currently 
we are investigating new and existing guidelines to 
support multi-sensory display designers, as well as 
higher-level principles that can be used to structure 
these guidelines [6]. 

One way to structure these guidelines is founded on 
Gestalt theory. Gestalt theory is one of the well-known 
perceptual theories for per ceptual organisation. Gestalt 
theory attempts to explain how humans organise 
individual elements into groups and how humans 
perceive and recognise patterns.  

The authors have previously argued that the Gestalt 
principles provide a useful framework to categorise 
multi-sensory display guidelines [5], [7]. More 
recently an experiment was conducted which 
determined that humans group both perceived visual 
and haptic elements in the same way [5]. Although 
there is little work in relation to haptic Gestalt 
principles, some researchers have studied the role of 
the touch in the recognition of patterns. For example, 
Sathian (1989) studies how tactile objects are 
recognised from their surface features and the 
underlying spatial and temporal distribution of 
neuronal activity that may encode these surface 
features [23]. Kaitz (1992, 1994) examines how adults 
are able to recognise their partners by touch and shows 
that both the mother and the father are able to 
recognise their newborn children by touch [13], [14]. 
Picard, et al. (2003) use different car-seat materials to 
investigate how people recognise different textures by 
touch [21]. 

This paper studies how humans group haptic 
elements and whether the Gestalt principle of 
“Continuation” applies in a similar way for both the 
haptic and visual grouping of elements. The principle 
of continuation is often described in relation to the 
visual sense, and states that objects when connected, 
result in straight or smoothly curving lines, are seen as 
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belonging t ogether, and t he l ines t end t o be seen i n 
such a way as to fo llow th e sm oothest p ath. In  au ditory 
display this is so metimes in terpreted as tem poral 
continuation rather than one in space. That is, we 
expect sounds t o be cont inuous over t ime, and i f a soft  
sound i s m asked by  a l ouder sound than we imagine 
the soft sound as cont inuous, even t hough i t cannot  be 
heard because of the louder sound. Accordingly this 
paper examines the question of whet her t he pri nciple 
of cont inuation can be adopt ed as a higher-l evel design 
principle fo r h aptic d isplays. Th e resu lts o f the 
evaluation indicate t hat t he pri nciple of cont inuation i s 
indeed applicable for both t he vi sual and hapt ic 
grouping of el ements. 

Before descri bing t he eval uation, t his paper begins 
with a bri ef i ntroduction of Gest alt theory and 
describes t he Gest alt pri nciple of continuation. The 
paper t hen report s on t he experi ment and di scusses the 
results in  m ore d etail. 
 
2. Gestalt Theory 
 

Gestalt t heory was ori ginally descri bed in 1910 [16], 
[17], [30]. Initially, this th eory was o nly stu died in  
psychology [30] , but  t he concepts have influenced 
many research and study areas, such as im age retrieval 
[12], [27] , vi sual desi gn [8] , [10], [18], graph drawing 
[20], m usical st udies [1]  and t he desi gn of auditory 
displays [2] , [19] , [28] , [31] . Gest alt theory has even 
been used t o expl ain t he psychological patterns of 
gamblers [22] . 

Gestalt is a Germ an word whi ch i s roughl y 
translated in to En glish as ‘fo rm, shape, [or]  pattern’ [9]. 
Whilst every  i ndividual percept ual el ement has i ts own 
nature and charact eristics, t he nat ure of i ndividual 
elements alone cannot account for how a group of 
elements will b e p erceived. Th e essential point of 
Gestalt theory is th at th e p erception o f th e wh ole 
pattern (or gest alt) cannot  be expl ained from  the sum 
of i ts part s. 

In sum mary, Gest alt t heory devel oped principles 
that at tempt t o expl ain how we organi se i ndividual 
elements into groups, and can be used t o expl ain t he 
way humans percei ve and recogni se pat terns. Thi s i s of 
particular interest to th e au thors wh o are in terested in  
the desi gn of di splays t hat al low users to find patterns. 
A num ber of pri nciples were devel oped as part of 
Gestalt Theory an d we will n ow d iscuss th e p rinciple 
of cont inuation. 

 
2.1. Continuation 

 

People t end t o percei ve a sm ooth and continuous 
outline between points rather than lines with sudden or 
irregular changes in  d irection. Th us elem ents will b e 
grouped t ogether i f a cont inuous pat tern can be 
interpreted an d th is p attern will be assumed to continue 
even i f som e part s are hi dden [18] . 

For example, in a pai nting, i f sm oke covers som e 
part o f a cu rving ro ad, we still assu me th at the curving 
road cont inues bey ond t he sm oke [11] . Si milarly if a 
sound sl owly changes i n pi tch, l oudness or timbre in a 
very sm ooth m anner then the sound will still be 
perceived as the one sound [19]. However, people will 
perceive di fferent sounds i f t he t imbre, t he pi tch or 
loudness changes abruptly. Th e intuition is that this 
principle also applies to touch. For exam ple, when 
navigating al ong a wal l by  t ouch, we can percei ve a 
continuous l ine of t he wal l and ignore irrelevant 
objects.  

 
3. Experiment: Does the Gestalt principle 
of Continuation apply in the same way to 
both haptic and visual grouping of display 
elements? 
 

The hypothesis of the experi ment i s t hat t he 
principle of continuation is appl icable t o bot h vi sual 
and haptic grouping of di splay el ements. That  i s, 
people t end t o percei ve a continuous line between 
points. For bot h vi sual and hapt ic di splay i t is expected 
that broken elements will be grouped together in a 
continuous way even t hough som e part s of t he l ine are 
hidden. Th is is illu strated in  Fig ure 1 . 

 
 
 
 
 
 Perceived visual patterns Completed form
 
 
 
 
 Perceived haptic patterns Completed form
 

Figure 1. An example of the principle of 
continuation applied in both visual and haptic 

grouping of display elements.  
 
3.1. Subjects 
 
The subjects consisted of 20 fem ale and 20 m ale 
subjects aged between 20 to 50 years. No subject 
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suffered from  any  hapt ic i mpairment and al l had 
normal or correct ed-t o-norm al vi sion. Furt her, none of 
the subjects were especially trained to perceive 
elements t hrough t heir vi sual or hapt ic sense. 
 

Continuation - Layout A 
 
 
 

 

 

 
Layout  #1 Layout  #2 

 

 

 

 
Layout  #3 Layout  #4 

 

 

 

Layout  #5 Layout  #6 

 

 

 
Layout  #7 Layout  #8 

 

Continuation - Layout B 
 

  
Layout  #1 Layout  #2 

 

 
 

Layout  #3 Layout  #4 

 

 
Layout  #5 Layout  #6 

 
 

Layout  #7 Layout  #8 
Figure 2. There are two sets of layouts used in 
the experiment. Both sets have been designed 

according to the principle of continuation. 
  

3.2. Materials 
 

The materials consisted of two st imulus set s of 
eight l ayouts (di splays). Each set  consists of eight 
different layo uts o f sim ple sh apes an d fam iliar objects. 
The el ements were desi gned and const ructed t o be t he 

same thickness and use the sam e surface texture. This 
helps t o rul e out  ot her object  properties, apart from 
spatial l ocation t hat coul d resul t i n groupi ng. Each 
layout was positioned on a pi ece of white paper with 
size m easuring 15 by  10.5 cent imetres. The 16 
different l ayouts are shown i n Fi gure 2. 

Two materials were used to construct the elem ents 
that are used in the layout s. To ensure the elem ents 
would be distinguishable from  t he whi te paper 
(background) the elements i n t he l ayout were of 
different colours (visual) a nd surface textures (haptic). 
The two distinguishable elements are m ade from : bl ack 
colour of sandpaper wi th t he gri t val ue of 120 (rough) 
and y ellow cardboard (sm ooth). 
 
3.3. Layout Design 
 

There are t wo l ayout set s (Lay out A and Layout B) 
used i n t he experi ment (Fi gure 2). Each l ayout was 
designed t o be used i n ei ther the haptic or visual mode. 
Our i ntuition was t hat subject s woul d group the 
elements t ogether i n order t o complete a continuous 
pattern even t hough som e part  of the patterns were 
masked by other elem ents. W e expected subjects 
would in terpret th e fo rms in  th e sam e way fo r both 
visual and hapt ic m odes. The l ayouts were presented 
one at a tim e and the subjects were allowed to take as 
much time as th ey req uired fo r th e task . To  h elp 
control for vari ation bet ween genders, hal f of the 
subjects were m ale and hal f fem ale. To control further 
possible variations from l earning and t he di fferences 
between t he t wo l ayout set s, t he order of the visual and 
haptic t ests undert aken was reversed.   

A t otal of fort y subject s undert ook the experiment. 
The t wenty m ales and t wenty females were randomly 
assigned t o t heir experi mental groups. The subject s 
were divided i nto t wo equal ly si zed groups (t en fem ale 
and t en m ale): t he fi rst group conduct ed t he vi sual test 
before the haptic t est and t he second group conduct ed 
the haptic test before the vi sual test. Furtherm ore, each 
group were di vided i nto t wo equal ly si zed sub-groups 
(five fem ale and fi ve m ale): t he fi rst sub-group 
conducted t he t ests usi ng l ayout A before using layout 
B. The rem aining subject s (fi ve fem ale and fi ve m ale) 
using t he l ayout B  before t he l ayout A.  
 
3.4. Procedure 
 

Subjects were individually tested i n a norm al room  
with norm al l ighting. Each subject  was seated in front 
of a t able and posi tioned di rectly wi th t he cent re of t he 
layouts. Subjects were free t o use t heir own groupi ng 
methods and were abl e t o t ake as l ong as t hey requi red 
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completing each task. Som e m inimal training was 
conducted with each subject. The training exposed the 
subjects t o t wo hapt ic and vi sual l ayouts, al lowing 
them to becom e fam iliar with the grouping task. No 
feedback was gi ven t o i ndicate the correctness or 
otherwise of the subjects’ answers. 

The visual groupi ng part  of t he experi ment requi red 
the su bjects to  o nly u se th eir v isual sense to interpret 
the elements in the layo ut. Giv en th e in fluence h aptic 
senses have over percept ion [26] , t he subjects were 
instructed t o not  t ouch t he l ayouts. 

Similarly, duri ng t he hapt ic groupi ng part of the 
experiment, and gi ven vi sion influences haptic 
perception [15], [24], [25], t he subject s were i nstructed 
to place their hands inside a box which prevented the 
viewing of each layout (Figure 3). In the haptic case 
the subject s were onl y al lowed t o expl ore t he l ayouts 
and group t he el ements usi ng t heir hands and fi ngers.  

In both parts of t he experi ment, t he subject s were 
asked t o draw t he l ines of t he l ayout (shapes) they 
perceived on t he provi ded answer sheet  (Fi gure 4). The 
subjects did not have visual  and haptic access to the 
actual l ayout when t hey were requi red to draw their 
response. Unknown to t he subject , t he t ime t aken t o 
complete each layout, for each m ode, was also 
recorded. The subjects were not aware of this and 
measuring com pletion t ime was not  a pri mary goal of 
the experi ment. 

 

 
Figure 3. Photographs showing the 

experiment setup for haptic grouping. 
Subjects took the haptic grouping task inside 

a box to prevent viewing the layouts. 
 

 
Figure 4. An example of a completed answer 

sheet used in the experiment. 

 
3.5. Results 

 
The experiment is designed t o m easure whet her t he 

subjects perceive cont inuous form s and i gnore hi dden 
parts in order t o com plete t he form . Our hy pothesis i s 
that subject s group percei ved hapt ic or visual elements 
as cont inuous i n t he sam e way  usi ng bot h vision and 
haptic. 
 

Table 1. The actual outcomes obtained from 
the 40 subjects. 

Layout A - Visual Layout A - Haptic 

no
.

actual 
outcome

no. of 
subject

s 

no. actual 
outcome

no. of 
subject

s 

1 20 1 20 

2  20 2  20 

3  20 3    20 

4a 15 4a  17 

4b 5 4b  3 

5
 

20 5     20 

6  20 6a  19 

   6b  1 

7
 

20 7a 
 

19 

   7b 
 

1 

8 20 8 20 

 

Layout B - Visual Layout B - Haptic 

no. actual 
outcome

no. of 
subjects

no. actual 
outcome 

no. of 
subjects

1  20 1  20 

2
 

20 2 
 

20 

3  20 3  20 
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4    20 4  20 

5  20 5a  19 

   5b  1 

6 
 

20 6 
 

20 

7a  13 7a  12 

7b 
 

7 7b  8 

8 
 

20 8a  19 

   8b  1 

 
3.5.1. Types of response. The actual outcom es 
obtained from the 40 subject s are det ailed i n Tabl e 1. 
The majority of responses were t he si mple cl osed 
forms expected from  the con tinuation pri nciple. There 
was almost no difference bet ween t he hapt ic and vi sual 
modes. Of t he 320 possi ble responses from  t he 40 
subjects, 308 were of t his form  i n t he vi sual m ode and 
305 were of this form  i n t he hapt ic m ode. There were 
no identifiable differences in t he response due t o 
gender, the different sets (layout A and l ayout B ) and 
the ordering of t he vi sual and hapt ic m odes. 
Furthermore, there was no interaction between these 
variables. 
3.5.2. Timing of responses.  Haptic groupi ng norm ally 
uses m ore worki ng m emory t han vi sual grouping [3]. 
It is thus not  surpri sing t hat t here were consi derable 
differences in  th e co mpletion tim es between the haptic 
and vi sual groupi ng t asks. An anal ysis of vari ance was 
run on the t otal t ime t hat a subject  t ook t o com plete t he 
8 task s in  a layo ut set.  

The results reveals a significant difference between 
the tim e tak en to  co mplete th e task s h aptically and 
visually ( p value = 0.0000).  

All 40 subject s t ook l ess t ime i n t he vi sual groupi ng 
part of t he experiment. On average the visual tasks 
took only 14.28 seconds t o com plete where as t he 
haptic t asks t ook 177.78 seconds t o com plete (Tabl e 2). 
There appears t o be general ly no difference between 
the total tim e tak en b y th e su bjects to  co mplete th e task  
(p value = 0.2444). Moreover, closer exam ination 
reveals the order of t he vi sual t asks undert aken (eg 
whether the visual task was undert aken fi rst or l ast) di d 
not affect th e tim e tak en to  co mplete th e task  ( p value 
= 0.2982). Sim ilarly, th e o rder in  which layout sets A 
and B  were used di d not  affect the time taken to 
complete th e task  ( p value = 0.5019). However, a 

significant di fference i n t he t ime t aken due t o gender i s 
observable i n t he hapt ic m ode, as m ales general ly t ook 
longer t o respond t han fem ales. 
 
Table 2. Response time from the 40 subjects. 

Response Time (seconds) Visual Haptic
Female 14.75 142.50
Male 13.80 213.05

Average 14.28 177.78
 
4. Conclusion 
 

The earl y works surroundi ng Gest alt theory explore 
the pri nciples for groupi ng el ements and fi gure 
recognition in vision. More  recent works have been 
applied to t he st udy of audi tory percept ion. However, 
there currently appears to be a lack of research 
applying th e Gestalt th eory in  th e h aptic d omain.  

This paper exam ines whether the Gestalt principle 
of continuation is applicable in t he sam e way  t o bot h 
haptic and visual grouping i n order t o det ermine 
whether cont inuation i s an appropri ate high-l evel 
principle for st ructuring hapt ic di splay gui delines. 
The results indicate t hat t he pri nciple of cont inuation 
does apply in the same way  t o bot h t he vi sual and 
haptic grouping of el ements. These fi ndings i ndicate 
that the designers of h aptic an d m ulti-sen sory d isplays 
can confidently conclude u sers will co mplete fo rms fo r 
both vi sual and hapt ic el ements i n t he sam e way. 
Designers also need t o be aware t hat hapt ic groupi ng 
tasks req uire sig nificantly m ore tim e th an visual 
grouping and t hat perform ance vari ations m ay occur 
between genders. 
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