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Abstract

The theory of Gestalt was proposed in the nineteenth century to explain and
predict the way that people perceptually group visual elements, and it has been
used to develop guidelines for designing visual computer interfaces. In this thesis
we seek to extend the use of Gestalt principles to the design of haptic and
visual-haptic displays.
The thesis begins with a survey of Gestalt research into visual, auditory and haptic
perception. From this survey the five most commonly found principles are
identified as figure-ground, continuation, closure, similarity and proximity. This
thesis examines the proposition that these five principles can be applied to the
design of haptic interfaces.
Four experiments investigate whether Gestalt principles of figure-ground,
continuation, closure, similarity and proximity are applicable in the same way
when people group elements either through their visual (by colour) or haptic (by
texture) sense. The results indicate significant correspondence between visual and
haptic grouping. A set of haptic design guidelines for haptic displays are
developed from the experiments. This allows us to use the Gestalt principles to
organise a Gestalt-Taxonomy of specific guidelines for designing haptic displays.
The Gestalt-Taxonomy has been used to develop new haptic design guidelines for
information displays.
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CHAPTER
1
Introduction

1.1 Motivation
The design of multi-sensory displays is a new and emerging discipline in
computer science. The broad application of these displays is to allow users to
detect useful patterns in data. Because these displays use multiple senses, this can
be referred to as ‘perceptual data mining’.
The design of multi-sensory displays is complex and requires the careful
consideration of the perceptual capabilities of humans. The understanding of how
we perceive and process multi-sensory perceptions is still not well understood
(Calvert et al., 2004).
This thesis develops a taxonomy and guidelines for designing multimodal
information displays. Whilst low-level guidelines are useful for designers, this
thesis also provides new high-level categorisations to structure these guidelines.
This thesis assumes that well-structured guidelines provide both context and detail,
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and accordingly are more useful for designers. This is consistent with the
top-down (high-level) and bottom-up (low-level) approaches applied in software
design (Pfleeger, 1998).
When designing information displays, it is important to understand how humans
group related elements and perceive patterns. In the study of perception, it is also
critical to understand how humans perceive and group elements (Goldstein, 1999).
Gestalt is a well-known theory of perceptual organisation (Köhler, 1947). Gestalt
theory explains how humans organise individual elements into groups and how
they perceive and recognise patterns (Wertheimer, 1923). Therefore, we are
motivated to study these Gestalt principles as high-level principles to motivate
and organise low-level guidelines that assist in the design of better multi-sensory
displays.
Therefore, this thesis proposes to answer the following questions:
Can we use Gestalt principles as high-level categories to structure
low-level design guidelines?
Can Gestalt principles provide design guidelines that apply to the
haptic grouping of elements?

1.2 Background
Most early studies of perception focus on the visual sense. This is true for studies
of Gestalt theory, where early works considered the principles for visual grouping
and visual figure recognition. For example, Coren and Girgus (1980) conducted
experiments applying the Gestalt principles to explain visual perceptual
organisation and spatial distortion. In this regard the Gestalt principles were used
as a foundation for instructional screen design (Fisher and Smith-Gratto, 1998-1999). This visual emphasis is also evident when Gestalt principles are used to
improve the usability of multimedia applications (Chang et al., 2003-2004) or to
assist in finding patterns in dynamic graph drawings (Nesbitt and Friedrich,
2002).
More recently, Gestalt theory has been applied to the study of auditory perception
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(Bregman, 1990; Williams, 1994; Brattico and Sassanelli, 2000; Moore, 2003;
Barrass, 2007). However, in this thesis we reveal an absence of research in
relation to the application of Gestalt research to the sense of touch. Moreover,
there is a close relationship between visual and haptic displays because they often
rely on grouping spatial elements while auditory displays tend to rely on grouping
temporal elements (Nesbitt, 2003). Therefore, this thesis focuses on how humans
group haptic elements and whether the Gestalt principles can be applied for haptic
displays in the same way they are applied to visual displays.
A number of works have examined the relationship between haptic and vision, but
they are not related to designing information displays or Gestalt grouping. For
example, the cross-modal relationship between visual and haptic senses for
moving objects (Gray and Tan, 2002); the visually impaired usually replace their
visual sense with their haptic sense (Sathian, 2005). Further, there has been
investigation on the application of visual, haptic and cross modal senses in the
recognition of familiar objects (Newell et al., 2005).
Some works have studied the use of the touch sense to recognise patterns, but
they are not directly related to the Gestalt principles of grouping. For example,
Zigler and Northup (1926) investigate how humans group haptic objects without
vision support. Studies have shown 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 (Sathian, 1989). Adults are also
able to recognise their partners by touch and both the mother and the father can
use touch to recognise their newborn children (Kaitz, 1992; Kaitz et al., 1994).
Picard et al. (2003) use different car-seat materials to investigate how people
recognise different textures by touch.
Only a handful of studies have investigated the Gestalt principles for the haptic
sense. For example, studies have shown how humans group haptic elements by
the principle of closure (Rosenbloom, 1929). Researcher has also studied the
haptic grouping effect of the principle of continuation (Scholtz, 1957). However,
neither of these works consider the relationship between the visual and haptic
grouping of elements.
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1.3 Research method
The aim of this thesis is to assist designers to build better multi-sensory displays.
It also investigates how humans use the visual and haptic senses to group spatial
display elements in information displays. Gestalt principles are primarily
concerned with how humans perceive and organise elements into groups. This
thesis proposes to use these principles to structure low-level design guidelines.
Firstly, this thesis undertakes a literature survey of works relating to the Gestalt
principles for perceptual organisation (Chapter 3). This survey reveals the
commonly used Gestalt principles of figure-ground, continuation, closure,
similarity and proximity (Section 3.5). The survey finds that most of the research
focuses on visual grouping and there is little work in the haptic domain (Section
3.5).
Previous studies have shown that there is a close relationship between haptic and
visual groupings. Motivated by these studies this thesis conducts four experiments
to examine if the commonly used Gestalt principles can apply in the same way to
both visual and haptic groupings of elements. The four experiments are
figure-ground in haptic grouping (Section 4.2), continuation in haptic grouping
(Section 4.3), closure in haptic grouping (Section 4.4) and similarity and
proximity in haptic grouping (Section 4.5).
These experiments confirm that these five Gestalt principles can apply in the same
way to both the visual and haptic groupings of elements (Section 4.6). New haptic
guidelines and more general guidelines that apply to both visual and haptic
displays are developed from the experiments (Section 4.6).
Further, the approach undertaken in this thesis is to apply the commonly used
Gestalt principles as high-level principles by combining the visual and haptic
sensory modes to create a taxonomy, referred to as the Gestalt-Taxonomy
(Chapter 5). The Gestalt-Taxonomy can be used to categorise low-level design
guidelines relevant to information displays. The Gestalt-Taxonomy can also be
used to further develop new visual and haptic guidelines.
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1.4 Contributions
A literature survey of the application of the Gestalt principles identifies the
Gestalt principles of figure-ground, continuation, closure and similarity and
proximity as the commonly used Gestalt principles (Section 3.5). This survey
reveals that there is little work in applying the Gestalt principles to the haptic
sense.
New low-level haptic design guidelines and general visual and haptic guidelines
for information displays have been developed from a series of experiments that
look at: figure-ground in haptic grouping (Section 4.2); continuation in haptic
grouping (Section 4.3); closure in haptic grouping (Section 4.4) and similarity and
proximity in haptic grouping (Section 4.5). The design guidelines are intended to
assist designers to capture and communicate existing knowledge in this domain.
These experiments conclude that the Gestalt principles of figure-ground,
continuation, closure, similarity and proximity can be applied to the haptic
grouping of elements. It also finds that these Gestalt principles can be applied in
the same way to both the visual and haptic groupings of elements.
This thesis proposes the Gestalt-Taxonomy to categorise design guidelines for
multi-sensory displays (Chapter 5). The taxonomy uses the commonly used
Gestalt principles as high-level principles and combines the visual and haptic
sensory modes to create the Gestalt-Taxonomy.
The Gestalt-Taxonomy has been used to categorise visual and haptic design
guidelines for information visualisation and information haptisation. Examples of
how the design guidelines apply in user interfaces are also provided. A number of
visual and haptic guidelines are also developed using the Gestalt-Taxonomy
(Chapter 5). The Gestalt-Taxonomy provides both context and detail to help
designers build better multi-sensory displays.
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1.5 Organisation of the thesis
Chapter 2 reviews the aspects of visual, auditory and haptic displays and provides
examples of how people group objects across the different displays, mainly for
visual and haptic displays. This chapter summarises the advantage and
disadvantages of visual, auditory and haptic displays. It also describes the
difference between spatial and temporal displays for visual, auditory and haptic
displays.
Chapter 3 provides an introduction of perception history and the Gestalt theory. It
also surveys existing literature to identify the commonly used Gestalt principles
figure-ground, continuation, closure, similarity and proximity.
Chapter 4 discusses the relationship of how humans group the elements between
the visual and haptic senses. The experiments investigate if the principles of
figure-ground, (Section 4.2), continuation (Section 4.3), closure (Section 4.4),
similarity (Section 4.5) and proximity (Section 4.5) can be applied in the same
way to both the visual and haptic groupings of elements. These experiments also
investigate if these specific principles can be applied in haptic grouping. This
chapter concludes that these five specific principles can be applied in the same
way to both the visual and haptic grouping of elements. It also finds these
principles can be applied in haptic grouping. Furthermore, 10 new haptic
guidelines and three general guidelines for visual and haptic displays are
developed from these experiments.
Chapter 5 introduces the Gestalt-Taxonomy for multi-sensory displays. The
commonly used Gestalt principles of figure-ground, continuation, closure,
similarity and proximity are used to create the Gestalt-Taxonomy for categorising
design guidelines. A number of new visual and haptic guidelines are developed
based on this Gestalt-Taxonomy.
Chapter 6 concludes the thesis and provides directions for future research.

CHAPTER
2

Information displays
for senses

Understanding how users identify useful patterns and group related data is an
important consideration in the design of multi-sensory displays. Humans have a
tendency to group similar elements and the development of a human’s perceptual
abilities begins at birth. The studies show that a newborn infant is able to both
group similar elements and distinguish between different patterns (Slater, 1998).
Displaying abstract data in a multi-sensory display is referred to as information
perceptualisation (Card et al., 1999). Data that has no a priori geometry, or is not
directly related to the three dimensional physical world, is said to be “abstract”.
For example, the price or volume data in financial markets, social networks, and
software hierarchies are abstract data sets.
Information perceptualisation consists of information visualisation, information
sonification and information haptisation (Figure 2-1). Information visualisation
presents abstract data in a visual form. Information sonification presents
information in an auditory form. Information haptisation transfers abstract data to
a haptic form.
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Sensory Modalities

Information Perceptualisation

Abstract data

e.g. bid price,

mapping

Visual eg. colour

Information visualisation

Auditory eg. timbre

Information sonification

Haptic eg. texture

Information haptisation

email address

Figure 2-1: Information perceptualisation consists of information visualisation,
information sonification and information haptisation.

This thesis focuses on how humans use the visual and haptic senses to group
spatial data in visual and haptic information displays. To better understand
multi-sensory displays, the following sections explore visual, auditory and haptic
displays. Section 2.1 discusses visual displays and how objects can be grouped
and presented through the visual sense. Auditory displays are briefly introduced in
Section 2.2. Section 2.3 studies haptic displays and how objects can be grouped
and presented through the haptic sense. Section 2.4 discusses the aspects of
multi-sensory displays. Section 2.5 concludes the strengths and weaknesses of
visual, auditory and haptic displays.
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2.1 Visual displays

The human visual perception system uses a powerful pattern recognition process
(Ware, 2004). Accordingly, designing good visual display guidelines involves
understanding how humans detect patterns in the data and group related objects.
For example, objects will be grouped into two groups (A and B) because their
locations are close to each other in Figure 2-2 (Goldstein, 1999). People will also
group objects together by colours, for example, in Figure 2-3, objects will be
grouped into two groups (A and B) because they have the same colour (Goldstein,
1999).

A

B

Figure 2-2: Objects grouped by close location.

A

B

Figure 2-3: Objects grouped by same colour.
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Visual displays have been used in many different areas and the information can be
presented in various formats. Most visual displays try to simplify complex data
and help people group the related data. For example, ‘maps’ are one of the
common visual displays that can be used to represent different types of data such
as a geographical and metro map. Figure 2-4 is a typical geographical map of
Australia, people can recognise the seven states by colours. In Figure 2-5, related
objects are grouped by the same colour in the campus directory of the University
of Newcastle, Australia. For example, the buildings are coloured in orange, the
ovals are coloured in green and the white lines show roads for cars. The location
details are displayed on the left.

Figure 2-4: There are seven colours representing the seven states on an Australia
map.
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Figure 2-5: The campus directory of the University of Newcastle, Australia.
Different colours are used to represent different groupings.

Figure 2-6: A map of Tokyo metro network. Each colour represents a different train
line.
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The metro map is another format of maps that can be used to display spatial
information effectively. For example, the metro map uses different colours to
represent each train route as illustrated in Figure 2-6. People can recognise each
train route by the particular colour and also use colours to group the departure,
destination and interchange stations together.
B1
B4

B2

A1

A2

D1
C1

C2

C3

B5

D2

Figure 2-7a: Treemap can be used to present large amount of data sets.
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B1
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B2
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B3

C2

B4

C3

B5

C4

D1

D2

Figure 2-7b: The node-link diagram uses the tree structure to present information.

Maps are not only used as geographical and metro maps to display data. Treemap
is a visualisation technique that can be used to display information in a
hierarchical structure as illustrated in Figure 2-7a (Johnson and Shneiderman,
1991). Treemaps have been commonly used in different domains such as the stock
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market and sports reporting (Bederson, Shneiderman and Wattenberg, 2002). The
sizes of the areas indicate the amount of data stored and the colours indicate the
order of the data sets. Figure 2-7b shows an example of a typical tree structure
visualisation in a node-link diagram. Compared to a treemap, the node-link
diagram displays the data that is contained in each branch of the tree. The
treemaps and the node-link diagrams both can help humans find patterns among
data because of their ordered information and structured location.
Figures 2-8 and 2-9 are examples of presenting travel time information in visual
displays. Figure 2-8 is an example of presenting the time duration between
stations for various train routes. Passengers will group related stations and train
routes of the same colour and the stations are listed in order one after another.
Passengers will also perceive the red coloured number as time duration between
stations and perceive the black text number as ticket fare.
Figure 2-9 provides an example of displaying travelling time between stations for
trains of different speeds. There are five trains with different speeds (fastest to
normal) for the Asakusa line. Five colours (dark green, light green, red, blue and
black) are used to represent each speed type. Passengers can find the travelling
time (minutes) from the Shimbashi station to any particular station displayed in
numbers. For example, it takes four minutes from the Shimbashi station to the
Mita station for all the trains.
Figure 2-10a, 2-10b and 2-10c are examples of the rainfall forecast. The colours
are used to show the rainfall quantity. People can find the rainfall patterns during
a particular period by grouping the related colours. Colours also create a strong
grouping effect for people to compare the rainfall information between different
periods or areas. For example, Figure 2-10b shows that the average rainfall is
between 0 mm and 50 mm during the February 2007. Only a few areas had
rainfall on 8 February 2007 as illustrated in Figure 2-10c.

Chapter 2 Information displays for senses

Figure 2-8: Timetable and ticket fare for the major train lines in Tokyo.

Figure 2-9: The traveling time of different speed trains on the Asakusa line.
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Figure 2-10a: Australian rainfall analysis report which displays the recorded
rainfall from 1st February 2006 to 31st January 2007 (Bureau of Meteorology
Australian Government, 2007).

Figure 2-10b: Australian rainfall analysis report which displays the recorded
rainfall for the period of February 2007 (Bureau of Meteorology Australian
Government, 2007).
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Figure 2-10c: Australian rainfall analysis report which displays the recorded
rainfall for 8th February 2007 (Bureau of Meteorology Australian Government,
2007).

Visual displays are also often used to present statistical data in graphical styles
such as histogram (Figure 2-11a), candlestick (Figure 2-11b), lineplot (Figure
2-11c) and scatterplot (Figure 2-11d). The graphical styles of visual displays are
very useful to help people find patterns and group related data. For example,
histogram is useful to categorise and compare the relationship between data
groups. People can group two different data sets by light and dark colours and
compare the relationship between the two data groups (shown in Figure 2-11a).
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time

time

(b) candlestick

price

price

(a) histogram

time

(c) lineplot

time

(d) scatterplot

Figure 2-11: Information displayed through (a) histogram; (b) lineplot; (c)
candlestick and (d) scatterplot.

Candlestick (Figure 2-11b) is one of the commonly used charts used to display
price changes during a period of time. The candlestick had first been used by the
Japanese to trade rice since the 17th century (Nison, 1991). The light candle
shows the closed price is higher than the opened price. The dark candle shows the
closed price is lower than the opened price. People can find the price patterns by
different colours and positions.
The lineplot is often used to display data in the stock markets. People can
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perceive a particular price trend over a period of time as illustrated in Figure
2-11c. The two lines (red and blue) strongly group the related data and simplify
the complex information.
The scatterplot is another visual chart that uses dots to display variables
(Chambers et al., 1983). It summarises the relationship between the variables
(Utts, 1999). For example, two different coloured dots (red and blue) form two
data groups as shown in Figure 2-11d. People can find the two patterns spread
from lower left to upper right.
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Figure 2-12: Chernoff Faces. Different data variables are mapped as different
facial features.

Chernoff Faces is an example of using the scatterplot technique to display
multivariate data (Chernoff, 1973). Different data variables map different facial
features such as the shape of the head, the size of the eye and the size of the nose.
For example, we can perceive that many people trade stocks between $0 to $5
from 9am to 1pm, because we can group data of the same facial features as
illustrated in Figure 2-12.
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Playfair (1786) was the pioneer who first presented numerical records of data in a
graphical way using line plots. Many researchers continued Playfair’s studies into
visual displays; these include Bertin (1967, 1977) and Tufte (1983, 1990, 1997)
who researched the visual presentation of graphs. Bertin and Tufte’s works are
notable and have caused information visualisation to become a field of study
(Card et al., 1999).
Bertin used simple illustrations such as lines, dots and circles to represent data,
ordered and grouped in a meaningful way into patterns. Bertin (1967, 1977)
developed the theory of graphics that involved the reordering and transforming of
matrix data to simplify information. Bertin also used graphs, tables and maps to
selectively present information.
Tufte also studied visual displays, and he published a series of works to explain
the design principles of data graphics and design strategies in visual design. For
example, Tufte (1983) identifies design principles for various data graphics such
as data maps, time series plots and statistical graphics. Tufte (1990) uses different
maps, timetables, graphics and photographs to explain the design principles of
information visualisation. Further, Tufte (1997) explains the process of data
graphics and techniques to present solutions that enable users to make informed
decisions.
The visual display works from Playfair, Bertin and Tufte can be referred to as
‘information visualisation’. However, the contemporary usage of the term
“information visualisation” comes from Robertson, Card and Mackinlay (1989).
Robertson et al. (1989) used two and three dimensional visual elements to present
information and the structural relationships of information in their research. Card
et al. (1999) defines information visualisation as ‘the use of computer supported,
interactive, visual representations of abstract data to amplify cognition’. In other
words, information visualisation maps abstract data (such as financial data in the
stock exchange) into visual forms.
Information visualisation has been applied in many applications (Ware, 2004).
Graph drawing is one of the common techniques for the visualisation of networks
(Eades et al., 2005). The nodes are the visual objects and the lines relate objects in
the graph. An example of graph drawing to represent the email communication
network within a department is shown in Figure 2-13. Each node represents a staff
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and the lines joining nodes together show the email communication network
between staff members.
Other examples of graph drawing applications include ER-diagrams in database
systems, class hierarchies in software engineering and telephone traffic in the
telecommunication industry.

Dempsey

Keith

Stephen

Hugo

Sundra
Jocelyn
Topa
Peter

Figure 2-13: Orthogonal drawing is one style of graph drawing; it can be used to
illustrate the email communication network within a department.

Visual displays are important in multi-sensory displays because most people use
vision as a primary communication channel (Matlin, 1988; Rookes and Willson,
2000). Although visual displays dominate, they are to some extent ineffective in
presenting peripheral information, especially when the visual sense is occupied by
other tasks (Spence, 2001). In such case, auditory and haptic displays can help
humans perceive other relevant perceptual data. Audio and haptic displays can
also be useful when the eyes are busy on another task such as when driving. There
are some kinds of information that are more readily perceived through auditory
and haptic senses. In the next section 2.2, we will introduce haptic displays.
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2.2 Haptic displays
In addition to visual and auditory displays, haptic displays can also help humans
group related objects and perceive useful patterns. Figure 2-14 and Figure 2-15
explains how humans group related haptic objects. The haptic objects will be
grouped into two groups (A and B) because their locations are close to each other
in Figure 2-14 (Lederman, Thorne and Jones, 1986; Jervis, 2005). People will also
group objects together by texture (Lederman, Thorne and Jones, 1986; Lederman
and Klatzky, 1987). For example, in Figure 2-15, objects will be grouped into two
groups (A and B) because they have the same texture.

A

B
Figure 2-14: Objects grouped into two groups by proximity.

A

B

Figure 2-15: Objects grouped into two groups by texture.

The word haptic comes from the Greek term (Haphe) which means the grasping
of elements or being able to hold elements (Gibson, 1966). The word “haptic”
refers to the sense of touch. The haptic sense helps identify three-dimensional
elements by the touch sense, including size, shape and surface texture of the
element (Goldstein, 1999). The term, information haptisation can be used for the
sense of touch to display abstract data (Nesbitt, 2003).
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Many researchers since Aristotle have investigated the sense of touch (Boring,
1942). It is difficult to understand and display haptic information (Roberts and
Franklin, 2005) because the sense of touch is a complex sensory system that
includes a large number of receptors and nerves surrounding the skin, muscles,
joints and tendons. Physiologists and psychologists have different concepts of the
sense of touch, although they work closely together (Katz, 1925; Boring, 1942).
Physiologists approach the study of the sense of “touch” by understanding skin
layers, that is, the epidermis, dermis and subcutaneous fat, and the skin receptors
such as the Merkel receptor, Meissner corpuscle, Ruffini cylinder and Pacinian
corpuscle. Further, physiologists research neural channels and the pathway in
which complex signals received from the cutaneous senses are transmitted to the
brain (Goldstein, 1999). For example, Adrian and Zotterman (1926) examined
sensory nerve responses to individual fibres in tactile situations.
Psychologists study the ‘touch’ sense as haptic perception. Haptic perception
involves both kinaesthetic perception and tactile perception (Loomis and
Lederman, 1986). The concepts of kinaesthetic and tactile perception are also
commonly used to describe the sense of touch (Katz, 1925; Harper, 1972).
Kinaesthetic is the “process whereby the relative positions and movements of the
different parts of the body are perceived by sensory cells in muscles, tendons and
joints” (Chamber English Dictionary, 1988). Awareness of one’s body movements
is referred to as kinaesthetic perception (Gibson, 1966; Wyburn et al., 1964)
Kinaesthetic is also known as proprioceptive (Gibson, 1966; Wyburn et al., 1964).
Tactile involves pressure, flutter, buzzing and vibration perceptions (Goldstein,
1989). Tactile perception refers to the sensation experienced when there is
physical contact between a human and an object (Gibson, 1966; Boring, 1942);
examples include blind people using their fingers to read braille. Card et al. (1999)
suggests the term information tactilisation to refer to the display of tactile data.
The haptic sense operates when a human uses the body, not just hands and feet, to
explore the world. This does not necessarily involve the use of the tactile sense or
kinesthesis (Gibson, 1966). For example, finding a cup in a dark kitchen uses a
human’s haptic senses through the fingers to explore the properties of the cup
such as its surface texture and shape. The actions of grasping the identified cup
are also important.
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The entire body has the ability to explore the surrounding environment haptically;
this is not limited to hands or fingers. For example, Hashimoto et al. (2006)
created a straw-like user interface that presents “virtual drinking”, using mouth
and lip sensations. That is, the mouth and lips can be a haptic interface to group
related elements. Rovers and Van Essen (2006) also created a foot user interface
for users to interact the system with the feet. The foot user interfaces could be
another channel for human to group related elements.
There are also some haptic devices that can be used to enhance haptic perception;
these include the PHANToM device, the Haptic Disc device (Pro Tech Design
Corp, 2007) and information displays that use the thermal sensation device
(Sakaguchi et al., 2007). These haptic devices are of interest in this thesis because
they could be used to allow humans to organise individual elements into groups
and recognise patterns. Currently, the PHANToM (Figure 2-16) is the most
commonly used haptic device. It has a robot arm with a force feedback pointer for
users to interact with the application. The computer program can specify the force
feedback when users interact with the virtual objects. It can be used to feel and
recognise different surface textures. Users can group the related objects by force
feedback.

Figure 2-16: PHANToM has a force feedback pointer for users to interact with the
application.

The Haptic Disc (Figure 2-17) is a sensory scrolling control device for a user to
navigate in an application (Pro Tech Design Corp, 2007). It can be used to browse
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long documents or switch between menu selections. Users can also change the
tuning speed of the sensory device (e.g. loose or tight) so that each task has a
different control speed. For example, blind people can use this device to control
different tasks by using tuning speed for volume adjustment and another tuning
speed for channel selection on a TV remote control.

Figure 2-17: The Haptic Disc can be use to group related tasks (Pro Tech Design
Corp, 2007).

Figure 2-18: The weather temperature information (Bureau of Meteorology
Australian Government, 2007). People can group the related temperature
readings by heat when using the thermal sensations device to display the
temperature information.

The thermal sensations device can be used to display different groups of data by
dissipating different levels of heat (Sakaguchi et al., 2007). For example, this
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device can be used to display weather data such as temperature for the visually
impaired who have not been trained to read braille. Therefore, people can group
the related temperature readings, perceived from the thermal sensations device, as
illustrated in Figure 2-18.
Haptic displays play an important role in displaying haptic information. It is good
to have visual or auditory display channels to assist haptic displays when the
sense of touch is occupied for a particular purpose. For example, auditory and
visual displays can be the assistant tools for pilots when their hands are occupied
to control the aircraft.

2.3 Auditory displays
Auditory displays are defined as ‘the use of nonspeech audio to convey
information’ (Kramer et al., 1997). The design of auditory displays allows for the
perception of information patterns in datasets using sound elements (such as
rhythm, rate and variation), referred to as information sonification.
An early example of auditory displays is a device called the Geiger counter,
which detected ionising radiation and sounded an alarm to notify people of the
levels of hazardous and invisible radiation. Later, Roy Patterson developed
guidelines for the design of auditory warning systems used in commercial
airplanes (Patterson, 1982). Kramer (1990) studied the use of auditory displays in
understanding and navigating large complex data sets. Brewster (1994) provides a
framework for nonspeech sound interface. Other examples include the studies of
auditory graphs in mappings and polarities (Smith and Walker, 2005) and a
sonification model that allows the scanning of high-dimensional data distributions
of a physical object in a user’s hand (Bovermann et al., 2006). Williams proposed
that Gestalt principle could be used to design auditory displays (Williams, 1994).
Barrass designed a Virtual Gieger-counter sonification that uses similarity in the
timbre and brightness of clicking sounds to produce auditory grouping in regions
where multiple data variables have similar levels (Barrass 2000). In further work
Barrass proposes a method for designing sonifications using the principle of
figure-ground with emergent data grouping controlled by the Van Noorden
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psychoacoustic effect (Barrass 2007).
Auditory displays differ from visual displays in that the former are often focused
on temporal and the latter on spatial information (Nesbitt, 2003). Auditory
displays are not only useful for the visually impaired, but they can also assist a
sighted user to perceive complex data for a particular purpose when the visual or
haptic senses are occupied. For example, information sonification is useful in
alarm applications and the monitoring of complex temporal data (Kramer et al.,
1997). This thesis focuses on how humans recognise useful spatial visual and
haptic patterns. Auditory displays are mostly concerned with temporal issues in
comparison to visual displays (Kramer et al., 1997). In this section, we have
briefly introduced auditory displays for the sake of completeness.

2.4 Similarities between visual and haptic senses
There is a close relationship between haptic and visual groupings (Katz, 1925;
Loomis and Lederman, 1986; Loomis, Kiatzky and Lederman, 1991; Gray and
Tan, 2002). The sense of vision can identify properties such as shape, colour and
length. Haptic perceptions can also be used to identify specific properties such as
shape, surface texture and length. Some properties can only be perceived through
the visual sense (e.g. light) or the haptic sense (e.g. temperature). But roughness
can be perceived both visually and haptically (from the texture of the surface).
Researchers have explained how skin receptors have a similar structure to the
retina in terms of how humans perceive objects in the world (Mountcastle, 1957;
Beksey, 1960; Goldstein, 1999). Studies have also shown that children can
perceive the same objects through their visual and haptic senses (Milner and
Bryant, 1970; Blank and Bridger, 1964).
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Figure 2-19: The visual Bourdon illusion.
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Figure 2-20: The haptic Bourdon illusion.

Rozvany and Day (1980) and Day (1990) found there is no significant difference
in the size of an object perceived by the haptic or visual sense. Furthermore,
similar illusions have been found to apply to these senses. Experiments have been
conducted using the visual Bourdon illusion (Figure 2-19) (Rozvany & Day, 1980)
and the haptic Bourdon illusion (Figure 2-20) (Day, 1990) to compare the
similarity between the haptic and visual perceptions. In Figure 4-1, most people
will perceive a straight line A-B-C to be slightly curved because the line D-E is
not a straight line. It is the same perceptual effect in Figure 4-2: people will
perceive the straight line A-B-C to be curved when they touch it because the line
D-E is not a straight line.
Graphical symbols such as Chernoff Faces (Chernoff, 1973) have been used in
information visualisation to represent multi-dimensional data. In a similar way,
Roberts and Franklin (2005) investigated structured haptic objects for haptic
visualization by using hlyphs (haptic versions of glyph).
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2.5 Multi-sensory displays
Multi-sensory displays can be explained as using multiple senses to display
information. One important task for multi-sensory displays, and a motivation for
this thesis, is to help users find patterns in information. The advantage of
multi-sensory display applications is that they offer more channels on which
information can be displayed. For example, Taddei et al. (2007) used multimodal
display interface and 3D surface in the experiment to compare the differences
between CT images. They find the multimodal interface is more effective than a
3D surface.
Many multi-sensory display applications have been developed and applied to
display information in areas such as medical training (Basdogan et al., 2004;
Spencer, 2006), the stock market (Nesbitt and Barrass, 2004) and museums
(Walczak et al., 2006; Asano and Ishibashi, 2004).
There are studies related to multimodal visual-auditory-haptic interfaces. For
example, the haptic snuffbox (Figure 2-21) which uses a PHANToM to feel the
surface texture and at the same time hear the effects of touching the lid of an
engraved box with a textured surface (Barrass, 2006). The surgical training
system uses haptic display to enhance the surgical training and it also facilitates
the auditory communication between the instructors and trainers (Hutchins et al.,
2005a; Hutchins et al., 2005b; Gunn, 2005).
An example of a visual-auditory application is a three dimensional visual and
two-dimensional auditory display for stock market data, which help users to
detect patterns and predict stock price movements (Nesbitt & Barrass, 2004).
Although visual perception can dominate other sensory perceptions (Matlin, 1988;
Rookes & Willson, 2000), combining multi-sensory perception in the design of an
application has additional benefits. For example, visual displays can provide one
kind of information and auditory displays can provide another. For example, a
GPS system can provide a visual map with auditory directions while driving.
Combining visual and auditory displays provides some benefit while the drivers’
attention is focused on driving.
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Figure 2-21: A haptic snuffbox for a virtual museum (Barrass, 2006).
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2.6 Conclusion
In this chapter we have reviewed aspects of display via the visual, audio and
haptic senses. Each has its strengths and weaknesses. Different kinds of
information are suitable to different senses. For example, static information is
suitable to display in visual displays and temporal information is suitable to
handle on auditory displays. And, of course, physical force feedback is more
suited to haptic displays than visual and auditory displays. A summary of the
advantages and disadvantages in visual, auditory and haptic displays is shown in
Table 2-1.
Advantages

Disadvantages

Visual
displays

good to display information
related to space
can display distance more
accurately
can display information in
noisy environments
can display complex
information

cannot effectively display
physical force feedback
can only display information
in the stationary situation

demand immediate action
can only display information
for a short period of time

Auditory
displays

good to display information
related to time
can display information in
dark or bright environments
and mobile situations.
can display ambient
information
good to display warnings

demand immediate action
can only display simple
information

Haptic
displays

good for display of haptic
parameters (e.g. heat)
can display information in
noisy and dark environments
can display the direct force
feedback information such as
pressure and temperature
good for enhancing
immersion

Table 2-1: A comparison of visual, auditory and haptic displays.
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It is important to understand human perceptual capabilities and how humans
group related data and identify useful patterns when designing multi-sensory
displays. This chapter has discussed the information displays for senses and how
people group objects in the different displays, mainly in visual and haptic
displays.
spatial

temporal

Sensory
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Figure 2-22: A presentation shows the difference between spatial and temporal
displays for visual, auditory and haptic senses.

This chapter has also described the difference between spatial and temporal
displays for the visual, auditory and haptic displays as illustrated in Figure 2-22.
Visual displays often rely on spatial grouping of elements while auditory displays
tend to rely on grouping temporal elements. Haptic displays may be used for both.

CHAPTER
3
Gestalt theory

This chapter introduces and reviews the literature of Gestalt theory.

3.1 History of perception theory
The theory of perception has been studied at least as far back as the ancient Greek
philosopher Aristotle (384–322 B.C.) (Harper, 1972). At this time two opposing
viewpoints about perceptual organisation were proposed. Some Greek
philosophers suggested that the central cognition of information was the most
important perception theory (Coren and Girgus, 1978). For example, Plato (300
B.C.) argued that humans perceive elements with the mind rather than the sensory
organs (Coren and Girgus, 1978). Likewise Epicharmus (450 B.C.) suggested that
‘the mind sees and the mind hears, the rest is blind and deaf’ (Spearman, 1937). In
contrast, other Greek philosophers believed that the peripheral sensory organs
themselves received the correct information. An example is where Protagoras
(450 B.C.) stated that ‘[m]an is nothing but a bundle of sensations’ (Freeman,
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1953).
Since then, different theoretical approaches to studying perception in
psychological and physiological have been explored. Some researchers have
focused on the physiological framework for perception and study specific neural
units for sensory experiences (Coren et al., 2004). This physiological approach
was used by Livingstone and Hubel (1988) to investigate the ability of primates to
segregate visual qualities such as form, colour, movement and depth. This
physiological approach is also taken by Sekuler and Blake (2002) to investigate
sight, hearing, touch, smell and taste and how human perceived information
through the sensory nerve systems.
Goldstein (1999) studied both behaviour and physiology to explain perception.
Behavioural evidence for perceptual theories considers the way we react to or act
upon stimuli. Often a combination of both behavioural and physiological evidence
is used as a foundation for perceptual theory.
Empiricism is another perception theory and it asserts that ‘all information is
derived from sensory perceptions and experiences’ (Matlin, 1988). This implies
that the way we perceive the world is learned rather than innate. Empiricism is the
basis for constructivist theory (also described as classical perceptual psychology)
that focuses on the way perception is internally constructed from the individual
sensory inputs. For example, given the way an image is formed on the retina, this
theory is concerned with the information or cues used to create our perceptual
experience of that image.
The constructivist theory was initiated by Helmholtz (1821-1894). Constructivists
investigated many perceptual cues and sensory illusions and relied on a
psychophysical approach to understanding perception. Psychophysics attempts to
understand perception by describing relationships between external physical
stimuli and the psychological experience of those stimuli (Baird and Noma, 1978).
Notably for multi-sensory displays, constructivism highlights the ambiguous
nature of sensory inputs that must be resolved to create a correct perception.
Gestalt psychology was in many ways a reaction to the constructivist suggestion
that perception could be understood by studying the individual parts or sensory
cues. A major idea of Gestalt psychology is that the ‘whole is greater than the sum
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of parts’. This important concept is explained in Wertherimer's seminal work on
Gestalt psychology (Wertheimer, 1923):
I stand at the window and see a house, trees, sky. Theoretically I might say
there were 327 brightnesses and nuances of colour. Do I have ‘327’? No. I
have sky, house and trees. (Wertheimer, 1923, p.71)
When we are presented with a number of stimuli we do not as a rule
experience ‘a number’ of individual things, this one and that and that.
Instead larger wholes separated from and related to one another are given
in experience; their arrangement and division are concrete and definite.
(Wertheimer, 1923, p.72)
Edwin Boring is one of the most important psychologists and Gestaltists who
studied the visual, auditory, tactual, smell and taste senses (Boring, 1930; Boring,
1942). He is one of the earliest psychologists to study information perception by
conducting experiments. Another major figure in perceptual psychology was
Gibson (1904–79). Gibson (1966) proposes that perception is a direct process and
he suggests three general processes to explain the way we create our perceptions:
(1) innate rational powers (theoretical nativism); (2) the storehouse of memory
(empiricism); and (3) form-fields (Gestalt theory). There are some similarities
between Gestalt theory and Gibson’s theory of perception. For example, the
perception process is an innate process and Gestalt theory is a useful way to
explain how sensations of the world are integrated into our perceptions (Vickers,
1979).
Gibson introduced the idea that human organs receive information directly and
that this information is complete. Thus, it is through this direct sensing that
humans are aware of the world and not through any cognitive model (Cognitive
refers to memory and the process of attention) (Coren et al., 2004; Ware, 2004).
This view runs counter to cognitive psychologists who propose that, as we move
about in the world, we create an internal cognitive model of how the world works.
This model or percept can change as we move about in the world and take in new
sensations.
Another important theory of perception was put forth by Marr (1982) who uses
the visual senses to study complex information processing systems and has
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influenced computational theories of perception. His work is an integration of
ideas from the fields of psychology, physiology and computer science. Marr
attempts to account for the roles of direct perception, constructivist cues and
Gestalt theory within a computational model (Coren et al., 2004).
The purpose of studying the history of perception theory in this chapter is to
understand how human perceive and group elements. While no single theory of
perception is completely accepted, we adopt the view that the Gestalt approach is
well supported. For example, Geldard (1953) incorporates the Gestalt principles
into his perceptual theory and Wyburn et al. (1964) use the Gestalt principles to
explain the perception of space, size and distance. More recently, Harper (1972)
proposes that visual perception would not be complete without the Gestalt theory
and emphasises its importance for explaining how we organise patterns. Rock
(1966) also uses Gestalt grouping principles to explain the impact of orientation
on form perception (Rock, 1973). Rookes and Willson (2000) use different
examples to explain Gestalt principles. Styles (2005) discusses how Gestalt
principles can explain the way humans group visual and auditory elements.
Criticisms of the Gestalt approach include the lack of a computational theory and
the lack of an identified physiology. However, Gestalt theory provides a useful
approach for designers to build better information displays because it explains
how humans interpret groupings. This thesis suggests that this approach is valid
when the primary aim of the designer is to assist pattern recognition or to group
elements.
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3.2 Gestalt theory
Gestalt theory was originally described in 1910. Max Wertheimer saw the flashing
railroad lights while traveling by train. This made him think of lights around a
theatre tent. He was so enthused he purchased a motion picture toy called a
‘zoetrope’ when he got off the train (Wertheimer, 1991; Hunt, 1993; Ash, 1995). A
zeotrope is an optical toy where figures turn on the inside of a cylindrical shape
and viewed through slits on the outside, appear as a single figure going through a
set of natural motions. Max Wertheimer described this illusory effect as ‘apparent
movement’ (Hunt, 1993; Ash, 1995). In 1912, Wertheimer published his findings
regarding the Gestalt theory in the article ‘Experimental studies of the perception
of movement’ and this was the first important event in the history of Gestalt
theory (Hunt, 1993; Ash, 1995). The Gestalt school of psychology was then
prescribed by Wolfgang Köhler and Max Wertherimer (Köhler, 1920; Wertherimer,
1924). Since 1910, a number of researchers have studied the Gestalt theory.
Notable examples include the studies of Gottschaldt (1926, 1929), Helson (1925a,
1925b, 1926a, 1926b, 1970, 1987) and Koffka (1935).
Gestalt is a German word and its meaning can be roughly translated into English
as form or pattern (Köhler, 1920). Gestalt theory states that every individual
perceptual element has its own nature and characteristics, but the nature of
individual elements alone cannot account for how a group of elements will be
perceived. The essential point of Gestalt theory is that the perception of the whole
pattern (or Gestalt) cannot be explained from the sum of its parts. Gestalt theory
developed a number of “principles” that explain how individual elements are
perceptually grouped.
Multi-sensory displays can be designed to support many tasks. One important use
of such displays is to help users find patterns in information. Since Gestalt theory
explains how we organise individual elements into groups, it may help explain the
way we perceive and recognise patterns in an information display.
Initially, this theory was only studied in the domain of psychology, but, over the
years, its concepts have influenced many other research and study areas. These
including: image retrieval (Iqbal and Aggarwal, 2001; Wardhani, 1999), visual
screen design (Arnheim, 1954; Chang et al., 2003–2004), graph drawing (Nesbitt
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and Friedrich, 2002), musical studies (Brattico and Sassanelli, 2000) and the
design of auditory displays (Williams, 1994). Gestalt theory has even been used to
explain the psychological patterns of gamblers (Roney and Trick, 2003).
Gestalt principle

Definition

Belongingness

An object can only belong to one group at a time (Koffka, 1935).

Closure

Incomplete lines or patterns tend to be completed (Wertheimer,
1923).

Common Fate

Objects will be grouped when they move simultaneously
(Wertheimer, 1923).

Continuation

Objects will be grouped together as a smooth line (Wertheimer,
1923).

Figure-ground

Foreground objects will be grouped as the figure and the
background objects as the ground (Koffka, 1935).

Focal Point

The emphasised object becomes the centre of interest or point
of emphasis (Lauer, 1979).

Isomorphic

“Comprehension of symbolic forms is partly dependent on the
circumstances under which they were learned.” (Katz, 1950)

Pragnanz

“Of several geometrically possible organisations, that one will
actually occur which possesses the best, simplest and most
stable shape.” (Koffka, 1935)

Proximity

Objects will be grouped together if they are close to each other
(Wertheimer, 1923).

Similarity

Objects will be grouped together if they have the same
attributes (Wertheimer, 1923).

Simplicity

People tend to combine the complex objects to become as
simple as possible (Koffka, 1935).

Symmetry

Similar objects are more strongly grouped in the pair of
symmetry rather than in the pair of parallel objects (Gottschaldt,
1926).

Unity

Elements perceptually belong together and grouped in one
piece (Wertherimer, 1924).

Table 3-1: The definition of Gestalt principles of belongingness, closure, common
fate, continuation, figure-ground, focal point, isomorphic, pragnanz, proximity,
similarity, simplicity, symmetry and unity.
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The Gestalt principles were first introduced by Max Wertheimer (1923) and later
elaborated on by Kurt Koffka (1935). Wertheimer’s foundational Gestalt
principles for perceptual grouping are closure, common fate, continuation,
proximity and similarity. Koffka (1935) added the three principles of
figure-ground, pragnanz and simplicity. A number of authors have described the
theoretical background and provided figures to explain the different Gestalt
principles. Table 3-1 briefly summarises most of the Gestalt principles that have
been applied in the research areas since 1910. Some of the Gestalt principles will
be discussed in more details in section 3.5.
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3.3 Literature survey of Gestalt principles
Max Wertheimer stated, “Gestalt theory was the outcome of concrete
investigations in psychology, logic and epistemology” (Wertheimer, 1924, p. 39).
This section explores how different researchers have applied the Gestalt principles
to their studies.
Tiernan (1938) used closure-designed geometric figures to study the grouping
effect. He found that there is great tendency toward the closure effect in
recognition and recall of the images. Eysenck (1942) discussed how different
researchers applied the Gestalt principles to the perceptual process. Bobbitt (1958)
conducted experiments to study the grouping effect of the principle of closure.
Furth and Mendez (1963) applied the Gestalt principles of proximity, closure,
good form (pragnanz) and similarity to examine the influence of age and language
in visual perception. Ginsburg (1984) found that the Gestalt principles of closure,
figure-ground, proximity and similarity could be used for biological filtering.
Brosnan et al. (2004) used the Gestalt principles of closure, proximity and
similarity to study how autistic children conduct perceptual grouping. They found
that autistic children have less grouping ability than normal children.
Wapner and Werner (1955) conducted experiments to examine the effect of the
principle of similarity on the position of the apparent median plane and the
apparent horizon. Ben-Av and Sagi (1995) conducted visual perceptual grouping
experiments to examine the difference between Gestalt principles of similarity
and proximity; similarity and luminance; proximity, similarity and luminance.
They found that proximity visual grouping is faster than similarity visual
grouping and they also propose an autocorrelation model. Beck (1966, 1967, 1972)
used two line figures to study the principle of similarity in perceptual grouping.
Prinzmental (1981) described that elements are more likely to be grouped together
by proximity grouping in visual perception.
Van der Helm (1993) tested how humans group the visual patterns on two
different approaches, static-coding (pattern information) approach and
dynamic-network (history of the perceiver) approach. Static-coding approach uses
a series of symbols to represent the pattern. He found that humans normally use
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the static-coding approach to group the visual patterns. Woodman et al. (2003)
described experimental results to explain how Gestalt principles influence visual
working memory.

Figure 3-1: An example of figure-ground principle. The face-vase image can be
perceived as either a white vase on a black background or as two black faces
facing each other on a white background (Rubin, 1915).

Gottschaldt (1929) used geometrical figures to confirm that the figure-ground
grouping effect can be applied in visual grouping. Köhler (1930) used Gestalt
theory to explain the relationship between figure and ground. Katz (1950) stated
that the principle of figure-ground is fundamental in psychological theory.
Rubin’s reversible face-vase image (Figure 3-1) is a famous example for
explaining the principle of figure-ground (Rubin, 1915). Coren (1969) applied the
brightness relationship between spatial areas to examine the figure-ground effect.
Marr (1976) demonstrated how people group objects as figures through simple
diagrams like a square. Vecera et al. (2004) demonstrated how surrounding spatial
objects around the foreground influenced the figure-ground grouping process.
Ramachandran and Anstis (1986) and Kandil and Fahle (2004) used different
motion status patterns to study the figure-ground segregation effect.
Researchers have found different effects for figure-ground grouping. For example,
familiar objects form shapes and are therefore more likely to be grouped as
figures (Koffka, 1935; Katz, 1950; Rock, 1975; Peterson et al., 1991; Peterson
and Gibson, 1991, 1993, 1994a, 1994b; Peterson, 1994; Goldstein, 1999; Coren et
al., 2004). Symmetrical areas tend to be seen as figures (Bahnsen, 1928; Koffka,
1935; Vickers, 1979; Peterson and Gibson, 1994; Goldstein, 1999). Objects that
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appear in smaller areas are perceived as figures (Graham, 1929; Koffka, 1935;
Katz, 1950). Patterns with a wide base and narrow top are also seen as figures
(Vecera et al., 2002; Hulleman and Humphreys, 2004).
Most people are able to identify patterns and group objects. However, people with
a disability such as row blindness have difficulties in grouping row elements. By
applying the principles of similarity and proximity, the experiments of Lewis and
Frick (1999) found that people who suffer from row blindness cannot group row
elements. For example, some people have difficulty when processing English
language text.
Michael (1958) found no significant difference between different cultures in the
perception of Gestalt principle of closure. Gestalt perceptual grouping tendencies
are an inherent relationship between the perceived forms and human mind
(Ittelson and Kilpatrick, 1958) and are not developed through learning
experiences (Wertheimer, 1924). Investigations of the inherent nature of the
Gestalt grouping effect motivated the studies of Gestalt perceptual organisation in
infants. For example, Kellman and Spelke (1983) proved that four-month-old
infants are able to use the principle of continuation to group objects.
Kaufmann-Hayoz et al. (1986) use the principle of figure-ground to study the
visual perception of three-month-old infants. Spelke (1990) found that infants
perceive the haptic layouts as they see, but adults are affected by Gestalt
principles of similarity and continuation during haptic perception. Quinn and
Bhatt (2005) describe that the principle of continuation can help infants
distinguish between different visual patterns. Quinn and Bhatt (2006) also showed
the results that infants group lightness similarity rather than form similarity.
Gestalt principles have been applied to explain visual illusions and have
influenced modern art and design, including painting, sculpture and graphic
design. Katz (1950) and Arnheim (1954) explain perceptual grouping by using
simple illustrations to explain Gestalt principles in the visual process. Van
Campen (1997) uses examples to describe the historical relationship between
early abstract artworks and the Gestalt theory, such as how artists apply the
principle of figure-ground in abstract painting to get the visual focus. Behrens
(1998) describes Gestalt theory as influencing modern art and used different
artwork examples to discuss the Gestalt grouping effect. For example, he
describes the principle of similarity by using a designed trademark to explain that
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elements are grouped together when they look alike in shapes. Pinna (2005)
examined the watercolour illusion by applying the principles of similarity and
figure-ground. Van Tonder and Lyons (2005) investigated the Gestalt principles
and provided suggestions on designing Japanese gardens.
Besides the Gestalt principles used in modern art and design, Riddell (1982)
believes in the importance of studying visual education for designers and applies
the Gestalt principles in industrial, graphic and textile design. Bevlin (1991)
applies the Gestalt theory to explain the design theory of painting, sculpting and
photography. Trummel (1991) applies the Gestalt perception to understand the
relationship between shape and colour as the two primary parts of a geometric
composition, because different shapes and colours have different attributes that
influence emotions. Li et al. (2004) use Gestalt principles as local constraints for
building groupings because the principles provide the grouping criteria for urban
morphology.
The Gestalt principles have been used as design rules for information displays
(Ware, 2004). For example, he used Gestalt principles to explain the grouping
effects applied in visual displays. Banks and Prinzmental (1976) conducted
experiments to examine the visual information grouping process. Their
experiment layouts were designed by the Gestalt principle of good form
(pragnanz). The results showed that the subjects found difficulty in identifying the
target elements when layouts were designed in a good form with noise elements
placed around the target element. One rationale for this may be that the subjects
apply the Gestalt principle of similarity in the visual grouping process as the
subjects group similar noise elements together. Banks and Prinzmental (1976)
also proposes that results did not differ when the layout size or the location
between the noise elements and the target element was altered. Prinzmental and
Banks (1977) proved that the principle of continuation can be used in visual
information grouping. Furthermore, Field et al. (1993) have also conducted visual
perception experiments by applying the Gestalt principle of continuation. Their
results indicated that the subjects were able to perceive patterns if the elements
were in a smooth path.
Gestalt principles have also been used in the design of instructional multimedia
for educational applications. For example, Heinich et al. (1999) describes how
Gestalt principles influence the visual design process in instructional design.
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Moore and Fitz simplify the instructional design (Moore and Fitz, 1993a), and
also design documentation and graphical layouts (Moore and Fitz, 1993b) by
applying the Gestalt principles. The principles of Gestalt theory have also been
used to assist designers develop multimedia applications (Chang et al.,
2003–2004; Smith-Gratto, 1994) and to improve instructional screen design
(Smith-Gratto and Fisher, 1998–1999). Another example of using the Gestalt
principles as a framework to design screen layouts is in the work of Ngo et al.
(2000), who applies a mathematical approach in conducting experiments and
analysing data. They present detailed algorithms to measure design screen layouts.
Szabo and Kanuka (1998) examine whether the Gestalt principles influence the
learning process. The results of their experiments reveal that using the Gestalt
principles can improve the learning process in the delivery of instructional
material.
Gestalt principles can also be applied to graph drawing for visual perceptual
grouping. Nesbitt and Friedrich (2002) refer to the Gestalt principles to find
similar patterns in graph drawing. Shimaya (1997) also studies how complex line
drawings are perceived through the Gestalt principles. Shimaya’s experiments
reveal that the proposed method performs better than structural information
theory.
Palmer (1992) studies the original Gestalt principles identified by Max
Wertheimer and proposes the principle of common region (a new principle of
perceptual grouping). The principle of common region is used to perceive depth
relations after a depth perceptual process has been achieved. After investigating
the Gestalt works of Max Wertheimer, Palmer and Rock (1994) propose another
grouping principle—the principle of element connectedness. Palmer et al. (2003)
describe the grouping effects from different viewpoints and explain how and why
the grouping starts.
Gestalt principles have also been studied in the domain of image retrieval. For
example, Wardhani and Gonzalez (1999) develop an approach in image structure
analysis for a content-based image retrieval system by implementing various
Gestalt principles to detect groupings. Iqbal and Aggarwal (2001) also apply
Gestalt principles and examine perceptual grouping applied to image structure
extraction. Cao (2004) proposed a new algorithm to detect regular curves in
images. These results show that the principle of continuation can be applied to
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most objects.
The Gestalt principles have contributed not only to the understanding of visual
perceptual grouping but also to auditory perceptual grouping. For example, in the
late 1960s Albert Bregman began research on the perceptual organisation of sound.
Bregman (1990) explains the difference between auditory and visual perception
through Gestalt psychology. He also studies the auditory streaming effect and uses
the Gestalt principles to explain how auditory elements are grouped. Levi (1978)
applies the Gestalt principles to study the musical expressiveness in music
education. Tenney and Polansky (1980) study temporal similarity and temporal
proximity perception in music.
Williams (1994) proposed to use Bregmans’ (1990) Gestalt principles as design
principles for auditory grouping. This work investigates sound grouping and
introduces the STEAMER computational model along with experimental methods
that support the development of this model. Melih and Gonzalez (1998) apply the
Gestalt principles as perceptual considerations during stream segregation in order
to develop a structured representation for audio content-based retrieval and
browsing. Brattico and Sassanelli (2000) apply the Gestalt principles to describe
the recognition of objects in musical studies. Moore (2003) says that Gestalt
principles ‘govern the perceptual organization of the auditory world’. Moore
(2003) points out that these principles generally can be used together as opposed
to using a single principle for perceptual grouping. Barrass uses Gestalt principles
of similarity (Barrass, 2000) and figure-ground (Barrass, 2007) to design auditory
displays.
It is important to note that one of the pioneers of Gestalt, Koffka (1935), claims
that the principle of figure-ground is applicable to all the senses. Gestalt
psychologists Köhler (1947), Helson (1926a) and Katz (1950) also noted that the
Gestalt grouping phenomenon is applicable to haptic organisation. There are some
Gestalt experiments that relate to haptic grouping. For example, Scholtz (1957)
conducted experiment on haptic perception using Wertheimer’s original Gestalt
visual figures. Scholtz (1957) confirmed the importance of the perception of the
whole in haptic grouping, in experiments on the continuation of dots that form the
perception of a line. Rosenbloom (1929) noted that the principle of closure
applies to both haptic and visual grouping. He investigated closure with haptic
figures such as closed squares and incomplete circles. Zigler and Northup (1926)
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also investigated closure grouping effects using tactile elements. Jervis (2005)
conducted experiments on Gestalt vision and haptic grouping and found that
subjects took less time for visual grouping than haptic grouping.
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3.4 Discussion of survey for Gestalt principles
The literature survey shows that Gestalt principles have influenced many research
domains. However, little work has been done to categorise the Gestalt principles.
For example, Helson (1933) proposes a category to simplify the large amount of
Gestalt principles. His categories are related to fundamental for grouping the
Gestalt principles. Helson (1933) organises 114 Gestalt principles into seven
categories: (1) what configurations are and are not; (2) specific properties of
configurations; (3) types of configuration; (4) laws governing configurational
changes; (5) the relation of configurations to their members; (6) the relations of
members to their configurations; (7) general factors favouring configurational
phenomena. Boring (1942) studies Helson’s (1933) categories and combined the
overlapping and similar principles into 14 principles.
However, none of the research has surveyed the literature on Gestalt principles
and organised a general table with different sense modes. The results of the
literature survey are presented in Table 3-2. The results list Gestalt principles that
have been applied in the visual, auditory or haptic domains. The principles
developed from Köhler (1920), Wertherimer (1924), Helson (1933) and Boring
(1942) have not been referenced in the literature (Section 3.3) and therefore are
not included in the Table 3-2.
Gestalt Principle of Belongingness
Visual Mode
Auditory

[Brattico and Sassanelli, 2000] [Bregman, 1990] [Melih and

Mode

Gonzalez, 1998] [Moore, 2003] [Williams, 1994]

Haptic Mode
Gestalt Principle of Closure
Visual Mode

[Bobbitt, 1958] [Boring, 1942] [Brosnan et al., 2004] [Chang et
al., 2003-2004] [Coren et al., 2004] [Furth and Mendez, 1963]
[Ginsburg, 1984] [Haber and Hershenson, 1980] [Iqbal and
Aggarwal, 2001] [Jervis, 2005] [Katz, 1950] [Koffka, 1935] [Li et
al., 2004] [Michael, 1958] [Moore and Fitz, 1993a] [Moore and
Fitz, 1993b] [Palmer, 1992] [Palmer et al., 2003] [Rookes and
Willson, 2000] [Sekuler and Blake, 2002] [Smith-Gratto and
Fisher, 1998-1999] [Tiernan, 1938] [Van Tonder and Lyons,
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2005] [Ware, 2004] [Wertheimer, 1923] [Wyburn et al., 1964]
Auditory

[Brattico and Sassanelli, 2000] [Bregman, 1990] [Moore, 2003]

Mode

[Williams, 1994]

Haptic Mode

[Rosenbloom, 1929] [Jervis, 2005]
Gestalt Principle of Common Fate

Visual Mode

[Coren et al., 2004] [Eysenck, 1942] [Goldstein, 1999] [Haber
and Hershenson, 1980] [Katz, 1950] [Li et al., 2004] [Marr, 1982]
[Nesbitt and Friedrich, 2002] [Palmer et al., 2003] [Rookes and
Willson, 2000] [Styles, 2005] [Wardhani and Gonzalez, 1999]
[Ware, 2004] [Wertheimer, 1923]

Auditory

[Brattico and Sassanelli, 2000] [Hermann and Ritter, 2004]

Mode

[Melih and Gonzalez, 1998] [Moore, 2003] [Williams, 1994]

Haptic Mode
Gestalt Principle of Continuation
Visual Mode

[Barber and Legge, 1976] [Behrens, 1998] [Cao, 2004] [Chang
et al., 2003-2004] [Coren et al., 2004] [Field et al., 1993]
[Goldstein, 1999] [Haber and Hershenson, 1980] [Iqbal and
Aggarwal, 2001] [Jervis, 2005] [Katz, 1950] [Koffka, 1935] [Lewis
and Frick, 1999] [Li et al., 2004] [Moore and Fitz, 1993a] [Moore
and Fitz, 1993b] [Nesbitt and Friedrich, 2002] [Palmer, 1992]
[Palmer et al., 2003] [Prinzmental and Banks, 1977] [Quinn and
Bhatt, 2005] [Rookes and Willson, 2000] [Sekuler and Blake,
2002] [Shimaya, 1997] [Spelke,1990] [Van Tonder and Lyons,
2005]

[Wardhani

and

Gonzalez,

1999]

[Ware,

2004]

[Wertheimer, 1923]
Auditory

[Brattico and Sassanelli, 2000] [Bregman, 1990] [Hermann and

Mode

Ritter, 2004] [Melih and Gonzalez, 1998] [Moore, 2003]
[Williams, 1994]

Haptic Mode

[Chang et al., 2007b] [Jervis, 2005] [Scholtz, 1957] [Spelke,
1990]
Gestalt Principle of Figure-Ground

Visual Mode

[Arnheim, 1970] [Bahnsen, 1928] [Barrass, 2007] [Behrens,
1998] [Boring, 1942] [Chang et al., 2003-2004] [Coren, 1969]
[Coren et al., 2004] [Ginsburg, 1984] [Goldstein, 1999]
[Gottschaldt, 1926] [Gottschaldt, 1929] [Graham, 1929] [Haber
and Hershenson, 1980] [Kaufmann-Hayoz et al., 1986] [Heinich
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et al., 1999] [Hulleman and Humphreys, 2004] [Jervis, 2005]
[Kandil and Fahle, 2004] [Katz, 1950] [Koffka, 1915] [Koffka,
1935] [Köhler, 1930] [Marr, 1976] [Moore and Fitz, 1993a]
[Moore and Fitz, 1993b] [Peterson, 1994] [Peterson and Gibson,
1991; 1993; 1994a; 1994b][Peterson et al., 1991] [Pinna, 2005]
[Ramachandran and Anstis, 1986] [Rock, 1975] [Rubin, 1915]
[Smith-Gratto, 1994] [Smith-Gratto and Fisher, 1998-1999] [Van
Tonder and Lyons, 2005] [van Campen, 1997] [Vecera and
O’Reilly, 1998] [Vecera et al., 2002] [Vecera et al., 2004]
[Vickers, 1979] [Wyburn et al., 1964]
Auditory

[Bregman, 1990] [Moore, 2003]

Mode
Haptic Mode

[Jervis, 2005]
Gestalt Principle of Focal Point

Visual Mode

[Chang et al., 2003-2004] [Lauer, 1979] [Riddell, 1982] [Szabo
and Kanuka, 1998]

Auditory
Mode
Haptic Mode
Gestalt Principle of Isomorphic
Visual Mode

[Chang et al., 2003-2004] [Gottschaldt, 1926] [Katz, 1950]
[Wyburn et al., 1964]

Auditory
Mode
Haptic Mode
Gestalt Principle of Pragnanz
Visual Mode

[Banks and Prinzmental, 1976] [Boring, 1942] [Chang et al.,
2003-2004] [Coren et al., 2004] [Eysenck, 1942] [Furth and
Mendez, 1963] [Haber and Hershenson, 1980] [Koffka, 1935]
[Van der Helm, 1993] [Wyburn et al., 1964]

Auditory
Mode
Haptic Mode
Gestalt Principle of Proximity
Visual Mode

[Barber and Legge, 1976] [Behrens, 1998] [Ben-Av and Sagi,
1995] [Brosnan et al., 2004] [Chang et al., 2003-2004] [Coren et
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al., 2004] [Furth and Mendez, 1963] [Ginsburg, 1984] [Goldstein,
1999] [Haber and Hershenson, 1980] [Heinich et al., 1999] [Iqbal
and Aggarwal, 2001] [Jervis, 2005] [Katz, 1950] [Koffka, 1935]
[Köhler, 1947] [Lewis and Frick, 1999] [Li et al., 2004] [Moore
and Fitz, 1993a] [Moore and Fitz, 1993b] [Nesbitt and Friedrich,
2002] [Palmer, 1992] [Palmer et al., 2003] [Prinzmental, 1981]
[Rookes and Willson, 2000] [Sekuler and Blake, 2002]
[Smith-Gratto, 1994] [Smith-Gratto and Fisher, 1998-1999]
[Styles, 2005] [Van Tonder and Lyons, 2005] [Wardhani and
Gonzalez, 1999] [Ware, 2004] [Wertheimer, 1923] [Woodman et
al., 2003]
Auditory

[Bregman, 1990] [Tenney and Polansky, 1980] [Wertheimer,

Mode

1923] [Williams, 1994]

Haptic Mode

[Chang et al., 2007a] [Jervis, 2005]
Gestalt Principle of Similarity

Visual Mode

[Arnheim, 1954] [Barber and Legge, 1976] [Barrass, 2000]
[Beck, 1966, 1967, 1972] [Behrens, 1998] [Brosnan et al., 2004]
[Chang et al., 2003-2004] [Coren et al., 2004] [Furth and
Mendez, 1963] [Ginsburg, 1984] [Goldstein, 1999] [Haber and
Hershenson, 1980] [Iqbal and Aggarwal, 2001] [Jervis, 2005]
[Katz, 1950] [Köhler, 1947] [Lewis and Frick, 1999] [Li et al.,
2004] [Moore and Fitz, 1993a] [Moore and Fitz, 1993b] [Nesbitt
and Friedrich, 2002] [Palmer, 1992] [Palmer et al., 2003] [Pinna,
2005] [Quinn and Bhatt, 2006] [Rookes and Willson, 2000]
[Sekuler and Blake, 2002] [Shimaya, 1997] [Smith-Gratto, 1994]
[Smith-Gratto and Fisher, 1998-1999] [Styles, 2005] [Van Tonder
and Lyons, 2005] [Wapner and Werner, 1955] [Wardhani and
Gonzalez, 1999] [Ware, 2004] [Wertheimer, 1923]

Auditory

[Brattico and Sassanelli, 2000] [Bregman, 1990] [Goldstein,

Mode

1999] [Hermann and Ritter, 2004] [Melih and Gonzalez, 1998]
[Moore, 2003] [Tenney and Polansky, 1980] [Wertheimer, 1923]
[Williams, 1994]

Haptic Mode

[Chang et al., 2007a] [Jervis, 2005] [Spelke,1990]
Gestalt Principle of Simplicity

Visual Mode

[Arnheim, 1954] [Chang et al., 2003-2004] [Coren et al., 2004]
[Eysenck, 1942] [Koffka, 1935] [Nesbitt and Friedrich, 2002]
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[Ngo et al., 2000] [Smith-Gratto, 1994] [Smith-Gratto and Fisher,
1998-1999] [Trummel, 1991] [Van Tonder and Lyons, 2005]
Auditory
Mode
Haptic Mode
Gestalt Principle of Symmetry
Visual Mode

[Arnheim, 1954] [Ben-Av and Sagi, 1995] [Bevlin, 1991] [Boring,
1942] [Chang et al., 2003-2004] [Coren et al., 2004] [Eysenck,
1942] [Gottschaldt, 1926] [Heinich et al., 1999] [Hermann and
Ritter, 2004] [Iqbal and Aggarwal, 2001] [Lauer, 1979] [Moore
and Fitz, 1993a] [Moore and Fitz, 1993b] [Ngo et al., 2000]
[Riddell, 1982] [Sekuler and Blake, 2002] [Shimaya, 1997]
[Smith-Gratto and Fisher, 1998-1999] [Szabo and Kanuka, 1998]
[Van Tonder and Lyons, 2005] [Wardhani and Gonzalez, 1999]
[Ware, 2004]

Auditory
Mode
Haptic Mode
Gestalt Principle of Unity
Visual Mode

[Bevlin, 1991] [Chang et al., 2003-2004] [Eysenck, 1942] [Ngo et
al., 2000] [Riddell, 1982] [Szabo and Kanuka, 1998]

Auditory
Mode
Haptic Mode
Table 3-2: Results of literature survey on Gestalt principles.
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3.5 Commonly used Gestalt principles
This section identifies the ‘commonly used’ Gestalt principles among the 13
different Gestalt principles listed in Table 3-3 below. One of the motivations of
this thesis is to use the Gestalt principles as high-level principles to structure
low-level design guidelines. Therefore, it is important to identify the commonly
used Gestalt principles. The high-level principles need to be relevant across the
sensory modalities and the use of each principle for each sense is investigated in
this section.
Gestalt principles were ranked by the number of times they were identified in the
101 papers in the literature survey, as shown in Table 3-2. The literature survey of
Gestalt principles is drawn from both the theoretical and practical applications of
Gestalt principles from all domains in order to gain a general cross-section of
observations. The literature survey covers the period from the first papers on
Gestalt theory in 1910 up until the year 2007. The results are ordered according to
the specific principle used and the sensory modalities that each work discusses
(predominantly visual and auditory).
The common “use” of a principle in this section relates to the number of times it
appears in the existing literature, either in papers on theory or experimental
studies or applications. The amount of common usage provides a broadly general
measure of the ‘salience’ of each effect. It is not the intention to analyse deeply
and make theories about the most “used” Gestalt principle. The five most salient
are then selected or the experiments in order to maximise the general relevance
and applicability of the results.
Table 3-3 summarises the number of times each principle is used. It is noted that
the principles of figure-ground, continuation, closure and similarity and proximity
are commonly described, while principles such as focal point, isomorphism and
habit are less common. The review is not exhaustive and the results do not
provide an absolute measure of how often each principle has been used.
The commonly used Gestalt principles of figure-ground, continuation, closure,
similarity and proximity that have been identified from the survey will be
discussed in the next section.
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Number of times the Gestalt principle is used

Gestalt
principles

Total

Visual

Figure-ground

51

47

3

1

Similarity

51

38

10

3

Proximity

40

34

4

2

Continuation

39

29

6

4

Closure

34

27

4

2

Symmetry

21

21

0

0

Common Fate

20

15

5

0

Simplicity

12

12

0

0

Pragnanz

12

12

0

0

Unity

6

6

0

0

Auditory

Haptic

Percentage of
each sensory mode
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Belongingness

5

0

5

0

Focal Point

4

4

0

0

Isomorphic

3

3

0

0

Table 3-3: The number of times each Gestalt principle is used.

3.5.1 Gestalt principle of figure-ground
The principle of figure-ground states that people tend to group objects into groups
depending on the foreground (the figure) and the background (the ground). For
example, the text on a newspaper is readable because the colour of the
background paper appears to be behind the text – the text is perceived as the
figure and the paper is perceived as the ground (Goldstein, 1999). Braille is an
example where the visually impaired relies on haptic perception and the principle
of figure-ground to distinguish characters when reading (Figure 3-2).

Figure 3-2: Braille letters are perceived as figures against the ground.

The principle of figure-ground is fundamental in psychological theory (Katz,
1950) and was introduced by Edgar Rubin in 1915. Rubin (1915) uses the
reversible face-vase image (Figure 3-3) to explain the ‘figure-ground’ effect. In
Figure 3-3, the pattern can be perceived either as a white vase on a black
background or as two black faces facing each other on a white background but not
both at the same time (Rubin, 1915). Koffka refers to this as the ‘figure [which]
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lies upon the ground’ (Koffka, 1935, p. 184). The distinction between the
background and the foreground forms the contour. Therefore, we perceive the
same pattern as both a white vase or two black faces but not both at the same time
(Goldstein, 1999; Rubin, 1915).

Figure 3-3: An example of Rubin’s reversible face-vase image.

There are many effects for figure-ground perceptual grouping. For example,
researchers believe that familiar objects are more likely to be grouped as figures
(Peterson, 1994; Peterson and Gibson, 1991, 1993, 1994a, 1994b; Peterson et al,
1991; Coren et al, 2004; Katz, 1950; Koffka, 1935; Goldstein, 1999; Rock, 1975).
Figure 3-4 is an example of the familiar effect, where most people would perceive
the figure as the cross and the ground as the light grey background colour.

Figure 3-4: Most people will perceive the cross as the figure.

Koffka (1935) states that objects that are ‘thing-like’ are figures and objects that
are ‘stuff-like’ are the ground (Koffka, 1935, p.187) because people tend to
perceive familiar objects. Figure 3-5 is an example where most people would
perceive a woman’s face or the trombone player as the figure. It is because most
people perceive the woman’s face as a ‘thing-like’ element.
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Figure 3-5: A woman’s face or the trombone player is perceived as the figure.

The Gestalt psychologists also found that symmetrical areas tend to be grouped as
figures (Bahnsen, 1928; Koffka, 1935; Goldstein, 1999; Peterson and Gibson,
1994; Vickers, 1979). Paul Bahnsen proves the symmetrical effect through his
experiment involving 64 subjects which present four patterns as shown in Figure
3-6a and Figure 3-6b. In Figure 3-6a, 89 per cent of the subjects perceived the
white elements as figure and the black as background compared to the reverse
case in Figure 3-6b (Bahnsen, 1928).

(a)

(b)

Figure 3-6: An example of figure-ground in symmetry. The image is adapted from
the experiment conducted by Paul Bahnsen (Bahnsen, 1928). (a) Most people
perceived the white elements as figure. (b) Most people perceived the black
elements as figure.

Furthermore, it has been noted that elements that appear in smaller and larger
areas are respectively perceived as figures and ground (Graham, 1929; Katz, 1950;
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Koffka, 1935). In Figure 3-7a, most people would perceive the white areas as the
figure and in Figure 3-7b, the black area as the figure.

(a)

(b)

Figure 3-7: The examples of figures appear in the smaller areas. (a) Most people
perceived white elements as figure. (b) Most people perceived black elements as
figure.

Several researchers have studied other aspects of the principle of figure-ground.
For example, changing the colour or brightness (Coren, 1969; Goldstein, 1999)
and the orientation (or rotation) of the elements in the foreground can affect the
way people determine figure and ground (Katz, 1950; Koffa, 1935; Goldstein,
1999; Peterson and Gibson, 1991, Rubin, 1915). Further, people normally
perceive patterns with a wide base and a narrow top as the figure (Hulleman and
Humphreys, 2004; Vecera et al, 2002).
The principle of figure-ground defines the grouping rules for a designer to group
related elements together in visual and haptic displays. Applying the principle of
figure-ground in visual and haptic displays is a way to help a designer organise
complex elements in order to develop better displays.
Care should be taken to arrange the appropriate proportion for figure and ground
elements when designing multi-sensory displays. Users may perceive the wrong
pattern if the figure and ground elements are not placed in a clear location.
Therefore, a good figure-ground design should make a clear distinction between
the figure and ground elements.
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3.5.2 Gestalt principle of continuation
The Gestalt principle of continuation states that people tend to perceive a smooth
and continuous connection between points, rather than lines with sudden or
irregular changes in direction. Thus elements will be grouped together if a
continuous pattern can be interpreted and this pattern will be assumed to continue
even if some parts are hidden (Wertheimer, 1923). The elements are perceived as
two continuous lines in Figure 3-8, because the elements tend to be grouped along
the smooth line.

Figure 3-8: Elements tend to be grouped into continuous lines (either curved or
straight).

Figure 3-9: The continuous edge of the path is broken by shadow but the path is
perceived to continue in a smooth and regular pattern.

78

Chapter 3 Gestalt theory

Another example, in Figure 3-9, shows that if a shadow covers some parts of a
curved path in the garden, our eyes would still follow the path and assume that the
curved path continues and will reach the end of the fence.
For auditory displays, if a sound changes in pitch, loudness or timbre in a very
smooth manner then the sound would still be perceived as the same sound (Moore,
2003). By contrast, people will perceive different sounds if the timbre, the pitch or
loudness changes abruptly. For haptic displays, we tend to perceive a smooth and
continuous outline even though some parts are hidden with unfamiliar patterns.
For example, people can exit a completely dark room by touching the walls,
perceiving the wall as continuous and ignoring irrelevant objects such as light
switches.
The principle of continuation specifies the grouping of related elements together
in visual and haptic displays. Applying the principle of continuation in visual and
haptic displays is a way to organise complex objects and build better displays.

3.5.3 Gestalt principle of closure
The principle of closure describes the tendency to group individual objects and fill
in missing information to form a complete pattern. To complete unfinished forms,
people will ignore gaps and fill in the missing parts with a familiar perceived
pattern (Wertheimer, 1923). For example in visual perception, in Figure 3-10,
people will fill in the missing line between point A and point B to perceive a
completed rectangle.
A

B

Figure 3-10: To complete the rectangle shape, people will fill in the missing line
between A and B.
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Figure 3-11: People will close the gaps between haptic objects to perceive the
whole pattern in the haptic map.

This principle has also been described for auditory perception. For example, when
we listen to music and the sound track is interrupted by noise, we can still
perceive the original sound track through the noise (Bregman, 1990). With haptic
perception, as shown in Figure 3-11, people will close the gaps between the haptic
objects when exploring the haptic map.
The principle of closure defines the grouping rules for a designer to group related
elements together in visual and haptic displays. Applying the principle of closure
in visual and haptic displays is a way to organise complex objects and develop
better displays. Designers need to take care to minimise the missing parts and
apply closure in multi-sensory displays. It will cause confusion to a user if there
are too many gaps in a multi-sensory display because the user may not be able to
close the gaps and form the patterns within the elements. A good closure design
should allow users to perceive the elements and fill in the missing parts to form a
complete pattern.
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3.5.4 Gestalt principle of similarity
The principle of similarity states that elements will tend to be grouped together if
their attributes are perceived as related (Wertheimer, 1923). For example, in
relation to visual displays, elements will be grouped together if the lightness
(Figure 3-12a), hue, size, orientations or shape (Figure 3-12b) are closely related
to each other (Goldstein, 1999; Palmer et al., 2003). Therefore, the elements
visually form two black and three white vertical lines in Figure 3-12a. The
elements also visually form into one group of circles and one group of squares in
Figure 3-12b.

Figure 3-12a: The elements are visually grouped by the similar intensity into two
groups of black circles and three groups of white circles.

Figure 3-12b: The elements are visually grouped by the same shape into one
group of circles and one group of squares.
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People also group similar sounds together, if the timbre, pitch, subjective location
or loudness is closely related to each other (Bregman, 1990). For example, people
may group string instruments together within an orchestra, because they have
similar timbres. With haptic perception, it is also possible to group similar shapes,
forces, surface textures, weights and vibrations. For example, visually disabled
people may separate cutlery by similar shapes, for example, grouping forks and
spoons into two different groups.
The principle of similarity defines the grouping rules that objects with similar
attributes tend to be grouped together. In visual displays, colours, sizes and shapes
are the major attributes for the elements. In haptic displays, the surface texture,
size and shape are the major attributes of the elements. Applying the principle of
similarity to visual and haptic displays can help designers organise complex
elements in order to achieve better displays. Care should be taken to use the same
attributes to display related multi-sensory displays. Using same attributes to
display different elements is likely to confuse the user.

3.5.5 Gestalt principle of proximity
The principle of proximity states that elements close to each other will be grouped
together (Wertheimer, 1923). For example, the elements are visually grouped into
two groups with three black lines and two black lines in Figure 3-13a. Elements
are grouped into three groups based on their visual proximity in Figure 3-13b.

Figure 3-13a: Two distinct groups are perceived based on their visual proximity.
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Figure 3-13b: Three groups are perceived based on their visual proximity.

Sound events are also grouped together if the sounds are related to one another in
location (Bregman, 1990). For example, three flute sounds playing the same
melody that are close together in location will be grouped together. If they were to
play the same melody in different locations then the three flutes would form
separate groups. An example of haptic grouping can be found in Braille, where
each Braille character is made of a group of characters which are close to one
another (Figure 3-14).

Figure 3-14: The raised dots that form Braille letters are grouped by proximity.

The principle of proximity defines the grouping rules for a designer to group close
elements together in visual and haptic displays. Applying the principle of
proximity in visual and haptic displays is a way to organise complex elements and
design better displays. Care should be taken to use appropriate space between the
elements when designing multi-sensory displays. For example, designers need to
use at least one empty space to place the labels and the icons in a user interface
screen to prevent confusing the user, and to place unrelated elements in different
locations.
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3.6 Conclusion
The Gestalt theory developed principles that explain how people perceive patterns
and group elements together. This is of particular interest to this thesis as we are
developing guidelines to help in the design of multi-sensory displays that allow
users to find patterns.
Most early studies of perception have focused on the visual sense. This is also true
for studies of Gestalt theory, where early works considered the principles for
grouping elements and figure recognition in vision. In the 1960s Gestalt theory
was also applied to the study of auditory perception. However, there is a lack of
applied Gestalt research in the haptic (tactile) domain and the Gestalt principles
have not been applied to explore and understand how patterns are perceived by
multiple senses. One of the motivations of this thesis is to apply the Gestalt
principles into the new domain of multi-sensory display.
This chapter has briefly described the historical development of perception theory
and Gestalt theory. It has also identified a set of commonly used Gestalt principles
that can be applied to categorise the design guidelines that assist designers to
build better multi-sensory displays.

CHAPTER
4

Experiments in
haptic grouping

The commonly used Gestalt principles of figure-ground, continuation, closure,
similarity and proximity were identified in Chapter 3. It was found that little work
has been undertaken to study these Gestalt principles for haptic grouping.
Therefore this chapter investigates whether these five most common principles
can be applied to haptic grouping.
This chapter presents four experiments on the visual and haptic grouping. Section
4.1 discusses the general information for the experiments. Section 4.2 discusses
an experiment to examine the Gestalt principle of figure-ground for grouping
elements. Section 4.3 discusses an experiment that examines the Gestalt principle
of continuation for grouping of elements. Section 4.4 discusses an experiment that
examines the Gestalt principle of closure in both the haptic and visual grouping of
elements. Section 4.5 discusses an experiment that examines whether the Gestalt
principles of similarity and proximity are applicable in the same way to both the
haptic and visual grouping of elements. Finally, Section 4.6 concludes with a
summary of the findings, limitations and future research for these four
experiments.
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4.1 General information for the experiments
The experiments study the way visual and haptic elements are perceived in
two-dimensional space. The experiments consider static displays of visual and
haptic grouping. The experiments do not consider temporal change over time, or
how dynamic patterns are perceived.
The experiments use two-dimensional layouts to examine whether the Gestalt
principles of figure-ground (Section 4.2), continuation (Section 4.3) and closure
(Section 4.4), similarity (Section 4.5) and proximity (Section 4.5) can apply to
both haptic and visual grouping of elements.
The experimental layouts are constructed from sandpaper and cardboard. All
materials are the same thickness to rule out grouping by height. There are four
different surface texture elements used in the four experiments for haptic
grouping. The different “grit” gradings of the sandpaper are summarised in Table
4-1 (Dresdner, 1992; Engler, 1997). Grit refers to the number of abrasive particles
per inch of the sandpaper; effectively it measures the roughness of the sandpaper.
The sandpaper with lower and high grit numbers are respectively rougher and the
smoother. For example, very rough sandpaper has a grit of 20 and very smooth
sandpaper has a grit of 300. The textures used in the four experiments are: 40-grit,
120-grit, 280-grit sandpapers and smooth cardboard.

Common name

Grit grading for the sandpaper

Extra coarse

12, 16, 20

Very coarse

24, 30, 36

Coarse

40, 50

Medium

60, 80, 100

Fine

120, 10, 180

Very fine

220, 240, 280

Extra fine

320, 360, 400

Ultra fine

500, 600, 1000

Micro fine

1200, 1500, 2000

Table 4-1: The common name and its grit grading for the sandpaper.
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For each experiment, 40 different subjects were used, consisting of 20 females
and 20 males, aged between 20 to 50 years old1. All subjects had normal or
corrected-to-normal vision and none reported any haptic impairment.
Each experiment used a number of different layouts. A set of simple to more
complex layouts were used in the experiments. Complex layouts are more open to
alternative interpretations. Layouts were presented one at a time to each subject.
To control for possible learning effects, the layouts were presented in random
order for both visual and haptic tests.
The following Sections 4.2, 4.3, 4.4 and 4.5 present the four experiments in haptic
grouping.

1

Infants group elements differently to adults (Kellman and Spelke, 1983; Spelke, 1990; Klevberg and

Anderson, 2002). Adults group elements together mainly by location and surface properties such as colour
and texture. Infants group elements together mainly by motion, for example, perceiving elements as a group
if the elements move together.
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4.2 Experiment 1: Figure-ground
The hypothesis of this experiment is that the principle of figure-ground is
applicable in the same way when people group elements visually by colour and
haptically by texture. For example, in Figure 4-1, subjects perceive the cross as
foreground in visual and haptic grouping.

visual

haptic

Figure 4-1: An example of the media and layout used in the experiment on
figure-ground. Subjects apply visual perception to perceive the two colours
(yellow and black) and haptic perception to perceive the two textures (grit
120-rough and cardboard-smooth).

4.2.1 Materials and layout design
The stimulus set consists of eight different layouts (Figure 4-2). For each layout,
the elements were positioned on an A5 piece of white paper. They did not stand
out from the background, so the figure is not higher than the background. Each
layout was constructed from simple and/or familiar shapes.
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Layout #1

Layout #5

Layout #2

Layout #6

Layout #3

Layout #7

Layout #4

Layout #8

Figure 4-2: The eight layouts used in the experiment on figure-ground.
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To keep the displays as simple as possible, only two distinct elements in the
layouts were used. It was important that the two different elements were
distinguishable by both colour (visual) and surface texture (haptic). The elements
were constructed using pieces of sandpaper inlaid in cardboard that differed in
both colour and surface texture. The two distinguishable elements are made from:
black sandpaper with a grit value of 120 (rough) and yellow cardboard (smooth).
The layouts are designed to compare the visual and haptic perception of figure
and ground across a broad range of variation. The number, size, orientation,
organisation and location of contrasting elements are varied in complex ways with
no simple pattern of variation between them, in order to cover a broad perceptual
space in each mode.

4.2.2 Procedure
This is a between subjects design because it compares the performance of one
group using the haptic mode with the performance of another group of different
subjects using the visual mode. The subjects are different from the other
experiments (Sections 4.3, 4.4 and 4.5).
Forty subjects took part in the experiment. There were 20 female and 20 male
subjects aged between 20 and 50 years. All subjects had normal or
corrected-to-normal vision and none reported any haptic impairment. None of the
subjects had any atypical skills in using visual or haptic senses.
Subjects were individually tested in a room with normal lighting. Each subject
was seated in front of a table and positioned directly in front of the layouts.
Subjects were free to use their own grouping methods and were able to take as
long as they required to complete each task. The evaluator was present at all times
during the experiment.
Some minimal training was conducted with each subject. The training exposed the
subjects to two haptic or visual layouts, allowing them the opportunity to
distinguish between the two colours and textures and to practice the grouping task.
No feedback was given to the subjects to indicate that answers were in any sense
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right or wrong. The subjects did not proceed with the experiment if they were
unable to distinguish between the textures and colours at this stage. None of the
subjects were unable to distinguish between the textures and colours.
To control for possible gender influences, twenty subjects, ten females and ten
males were randomly assigned to undertake the experiment in the haptic mode.
The remaining twenty subjects (ten female and ten male) undertook the
experiment in the visual mode. This is shown in Figure 4-3.

Gender

Mode order
10 subjects
visual

20 females
10 subjects
haptic
40 subjects
10 subjects
visual
20 males

10 subjects
haptic

Figure 4-3: 20 subjects undertook the experiment in the visual mode and 20
subjects undertook the experiment in the haptic mode.

The layouts were presented one at a time in a random order. During the visual
grouping of the experiment, the subjects were asked to only use their visual sense
to group the elements in the layout and the subjects were instructed not to touch
the layouts during the experiment. Similarly, with the haptic grouping, the
subjects were instructed to place their hands inside a box that prevented the
viewing of each layout (Figure 4-4). Subjects could only use their hands and
fingers to group the elements.
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Figure 4-4: Photographs showing the experiment setup for haptic grouping.
Subjects took the haptic grouping task inside a box to prevent viewing the layouts.

In both the haptic and visual grouping tasks, the subjects were asked to draw the
outlines of the figure pattern (foreground) they perceived in the layout on the
answer sheet, and state the surface (rough or smooth) or colour (black or yellow)
of the figure pattern in each layout. An example of the answer sheet is shown in
Figure 4-5a and Figure 4-5b. Each subject was asked to provide the grouping
techniques used. However, this is not a requirement (in fact, many people do not
know how they group the elements). The subjects could not see or touch the
layout when they drew the answer. This is to ensure that they use their perceptual
grouping ability to provide the answer.
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Figure 4-5a: An example of a completed answer sheet used for visual grouping in
the experiment of figure-ground.

Figure 4-5b: An example of a completed answer sheet used for haptic grouping in
the experiment of figure-ground.
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4.2.3 Results
The experiment is designed to measure whether the principle of figure-ground is
applicable for both visual and haptic grouping.
The outcomes obtained from the 40 subjects are shown in Table 4-2 and Table 4-3.
There are 320 possible responses from the 40 subjects. There are 160 possible
responses for each mode (visual and haptic). In the majority of responses subjects
grouped the foreground elements. There was almost no difference between the
haptic and visual modes.
The relationship between the visual and haptic responses to the stimuli can be
measured by the Pearson correlation coefficient (r). If the same principles are at
work then the visual responses should predict the haptic responses. The null
hypothesis is:
H0: The perceived haptic layouts are not correlated with the perceived
visual layouts (r = 0),
The alternative hypothesis is:
Ha: The perceived haptic layouts are correlated with the perceived
visual layouts (r < 0 or r > 0).
A one-tailed test is used because there is no possibility for a negative correlation.
For example, the results can only be correlated or uncorrelated. The one-tailed test
at significance level α (α = 0.5) will reject the null hypothesis if the computed
value of the test statistic r is greater than rα. There were a total of N = 13
responses to the tiles, therefore the degrees of freedom are N－2 = 11.
For α = 0.5 and n = 11, the critical value of r is 0.521. Therefore, the decision rule
is:
Reject H0 if r > 0.521;
otherwise do not reject H0
Since the computed value of the test statistic r = 0.998, we reject H0 and conclude
that the perceived haptic layouts are correlated to the perceived visual layouts.
This findings supports the hypothesis that the subjects are using the principle of
figure-ground in the same way to group both visual and haptic elements.
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Visual Grouping
Layout no.

Response

figure colour

no. of subjects

black

20

black

20

yellow

20

black

20

black

20

yellow

20

black

20

#1

#2

#3

#4

#5

#6

#7
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#8

a
black

7

black & yellow

13

b

Table 4-2: The 9 visual responses to 8 layouts in the figure-ground experiment.
Haptic Grouping
Layout no.
#1

Response

figure texture

no. of subjects

rough

19

rough

1

rough

20

smooth

18

smooth

1

rough

1

a

b

#2

#3

a

b
c
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#4
rough

20

rough

20

#5

#6

a
smooth

19

b
smooth

1

rough

20

rough

7

rough & smooth

13

#7

#8

a

b

Table 4-3: The 13 haptic responses to 8 layouts in the figure-ground experiment.
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All subjects took less time in the visual grouping. On average the subjects took
2.35 seconds to complete the visual grouping task where as the haptic tasks took
11.83 seconds to complete (Table 4-4). There was little difference in the time
taken between females and males in visual and haptic grouping.
Average response time (seconds)

Visual

Haptic

20 female

2.23

12.51

20 male

2.48

11.14

40 subjects

2.35

11.83

Table 4-4: Average response time from the 40 subjects in the experiment of
figure-ground.

4.2.4 Discussion
The results in this experiment indicate that the principle of figure-ground does
apply in the same way to both the visual and haptic grouping of elements.
There are eight layouts used in the experiment. Most of the subjects perceived the
same figure in visual and haptic grouping (Table 4-2 and Table 4-3).
There are many figure-ground perceptual grouping rules discussed in section 3.6.1.
For example, the familiar shapes are more likely to be perceived as figures
(Peterson, 1994; Koffka, 1935). Layout #2 and layout #4 are examples of familiar
layouts. Subjects would perceive the figure as one circle and one triangle in layout
#2 and perceive the cross as a figure in layout #4.
Studies also noted that elements that appear in smaller area are more likely to be
perceived as figures (Graham, 1929; Katz, 1950; Koffka, 1935). For example,
layout #6 and layout #7 are examples for smaller area. Symmetry is another
figure-ground grouping rule. Studies found that symmetrical areas tend to be
grouped as figures (Bahnsen, 1928; Koffka, 1935). Layout #5 is an example of
symmetry layout.
In the visual grouping, the results show that all twenty subjects have grouped the
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same elements as the figure in the first seven layouts (layout #1–#7). In relation
to layout #8 (Table 4-2), seven subjects have grouped the black element as the
foreground. A reason for this could be that black is more striking in character by
comparison to the yellow colour. Thirteen subjects grouped both yellow and black
together as the figure.
In the haptic grouping (Table 4-3), there was total agreement between all 20
subjects in response to layouts #2, #4, #5 and #7, but more diversity in the other 4
layouts. In layout #1 all subjects grouped the rough texture as the figure but one
provided a slightly different response. This may have been a drawing error, or
may be due to an individual variation in haptic sensibilities.
In layout #3, 18 subjects perceived the same figure pattern and stated smooth as
the perceived texture for the figure. One subject perceived a different figure
pattern but stated smooth as the texture for figure. Maybe the subject did not
perceive all the haptic elements during the haptic grouping. Another subject
perceived a different figure pattern and stated rough as the texture for the figure
pattern. The reason for this could be that the rough texture was more striking on
the surface by comparison to the smooth texture.
In layout #6, all the subjects stated smooth as the perceived texture for figure.
There are nineteen subjects have perceived the same figure pattern. Only one
subject has perceived slightly different figure patterns. It could be the subjects did
not perceive all the haptic elements.
In layout #8 (Table 4-3), the results were the same to layout #8 in the visual mode.
Seven subjects grouped the rough texture element as the figure. A reason for this
could be that the rough texture is more striking on the surface by comparison to
the smooth texture. There are thirteen subjects grouped both the rough and smooth
texture elements as the figure. It could be that the subjects were not able to
identify the figure or ground because the rough and smooth elements were placed
equally in the layout.
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4.2.5 Guideline
Three guidelines have been developed from the results to assist design of haptic
displays (Table 4-5). These haptic guidelines are discussed below:
1. People tend to recognise familiar haptic objects as figures.
The results of the experiments indicate subjects tend to group meaningful
objects as figures because they are familiar shapes. For example in Figure
4-6, most people perceive the figure as one circle and one triangle (rough
texture) and the ground as the smooth texture.

Figure 4-6: The example shows two meaningful objects tend to be
recognised as figure.

2. People tend to recognise symmetrical haptic objects as figures.
The results of the experiments indicate that subjects group the symmetrical
objects as figure. For example, subjects perceived the rough texture (black)
area as figure and the smooth area (yellow) as ground in Figure 4-7.

Figure 4-7: The example shows that symmetrical objects tend to be
perceived as figure.
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3. People tend to recognise smaller haptic areas as figures.
The experiments in section 4.3 indicated that subjects perceived the rough
(black) area as foreground and the smooth area (yellow) as background in
Figure 4-8.

Figure 4-8: The example shows that smaller objects tend to be recognised as
figure.

Haptic guidelines for figure-ground
People tend to recognise familiar haptic objects as figures.
People tend to recognise symmetrical haptic objects as figures.
People tend to recognise smaller haptic areas as figures.

Table 4-5: The haptic guidelines developed from the experiment of figure-ground.

Note that the results in this experiment were evaluated based on limited data. For
example, the subjects’ ages were between 20 and 50 years old and the layouts
designs were based on geometric patterns and of the same thickness. Further
research may be conducted to study the grouping methods of the subjects when
grouping an ambiguous layout (complex layout). For example, future research
could investigate how humans group figure elements when the foreground and
background have equal size. For example, layout #8 is one such example. Such an
investigation could determine whether subjects confuse the complex layouts when
conducting the perceptual grouping. In other words, it could find why subjects are
not able to identify the figure or ground (if in fact they fail to identify the figure or
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ground). It may be possible to determine whether they cannot find grouping rules.
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4.3 Experiment 2: Continuation
The hypothesis of the experiment is that the principle of continuation is applicable
to both the visual and haptic grouping of display elements. That is, people tend to
perceive a continuous line between elements even though some parts of the line
are hidden. This is illustrated in Figure 4-9.

Perceived visual patterns

Completed form

Perceived haptic patterns

Completed form

Figure 4-9: An example of visual and haptic continuation.

4.3.1 Materials and layout design
The materials consist of two stimulus sets of eight layouts, layout A (Figure 4-10)
and layout B (Figure 4-11). Each set (layout A and layout B) consists of eight
different layouts of simple shapes and familiar objects. The elements were
designed and constructed to have the same thickness and use the same surface
texture. This helps to isolate other object properties, apart from spatial location,
that could result in grouping. Each layout was positioned on a piece of white
paper with size measuring 15 by 10.5 centimetres.
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Continuation - Layout A

Layout

#A1

Layout

#A2

Layout

#A3

Layout

#A4

Layout

#A5

Layout

#A6

Layout

#A7

Layout

#A8

Figure 4-10: Layout A in the experiment on continuation.
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Continuation - Layout B

Layout

#B1

Layout

#B2

Layout

#B3

Layout

#B4

Layout

#B5

Layout

#B6

Layout

#B7

Layout

#B8

Figure 4-11: Layout B in the experiment on continuation.
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Each layout was designed to be used in both the haptic and the visual mode. To
ensure the elements were distinguishable from the white paper (background), the
elements were in different colours (visual) and surface textures (haptic). The two
distinguishable elements are made from black sandpaper with a grit value of 120
(rough) and yellow cardboard (smooth).

4.3.2 Procedure
This is a within subjects design because it compares the performance where each
subject experiences the visual and haptic grouping tasks.
Forty subjects took part in the experiment. There were 20 female and 20 male
subjects aged between 20 to 50 years. All had normal or corrected-to-normal
vision and none reported any haptic impairment.
Subjects were individually tested in a normal room with normal lighting. Each
subject was seated in front of a table and positioned directly in the front of the
layouts. Subjects were free to use their own grouping methods and were able to
take as long as required to complete each task. Some minimal training was
conducted with each subject. The training exposed the subjects to two haptic and
visual layouts, allowing them to become familiar with the grouping task. No
feedback was given to indicate the correctness or otherwise of the subjects’
answers.
Figure 4-12 shows how the twenty males and twenty females were randomly
assigned into two equally sized groups (ten females and ten males). The first
group conducted the visual test before the haptic test and the second group
conducted the haptic test before the visual test. Each group was divided into two
equally sized sub-groups (each subgroup had five female and five male). The first
sub-group conducted the tests using layout A before using layout B. The second
sub-group used layout B before layout A. The layouts were presented one at a
time and the subjects were allowed to take as much time as they required for the
task.
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The reason to give two sets of layouts (layout A & layout B) was to control the
effect of memory. The subjects who were presented with layout A visually were
presented with layout B haptically, and vice-versa.
Subjects only used their visual sense to perceive the elements in the layouts and
were instructed not to touch the layouts during the visual grouping test. Similarly,
during the haptic grouping test, the subjects were instructed to place their hands
inside a box that prevented viewing of each layout (Figure 4-4). Subjects only
used hands and fingers to explore the layouts and group the elements.
In both visual and haptic tests, the subjects were asked to draw the outlines of the
shapes they perceived in the layouts on the answer sheet (Figure 4-13) provided.
The subjects did not have any visual or haptic access to the actual layout when
they were required to draw their response. Time taken to complete each layout for
each mode was also recorded. The subjects were not aware of this and completion
time was not a primary goal of the experiment.

Gender

20 females

Mode order

Layout order

10 subjects

5 subjects layout A

B

5 subjects layout B

A

5 subjects layout A

B

5 subjects layout B

A

5 subjects layout A

B

5 subjects layout B

A

5 subjects layout A

B

5 subjects layout B

A

visual

10 subjects
haptic

40 Subjects

haptic
visual

10 subjects
20 males

visual

haptic

10 subjects
haptic

visual

Figure 4-12: A diagram to show how the subjects were randomly assigned into
equally sized groups to conduct the visual and haptic grouping tasks for two sets
of layouts (layout A and layout B).
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Figure 4-13: An example of a completed answer sheet from the experiment on
continuation in which subjects drew the shape they perceived in the visual and
haptic layouts.

4.3.3 Results
The experiment is designed to measure whether the subjects used the principle of
continuation (perceive a continuous line and ignore hidden parts) when grouping
elements using their visual and haptic senses.
The responses obtained from the 40 subjects are shown in Table 4-6. In the
majority of responses subjects drew a continuous line between even though some
parts of the line were hidden. There was almost no difference between the
responses in the haptic and visual conditions. The results show 308 out of 320
visual responses show continuation and 305 out of 320 haptic responses show
continuation.
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Layout A - Visual
Layout no.

response

Layout A - Haptic

no. of

response

subjects

no. of
subjects

A1

20

20

A2

20

20

A3

20

20

A4

a

15

a

17

b

5

b

3

A5

20

A6

20

A7

A8

20

20

20

a

19

b

1

a

19

b

1

20
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Layout B - Visual
Layout no.

response

Layout B - Haptic

no. of

response

subjects

no. of
subjects

B1

20

20

B2

20

20

B3

20

20

B4

20

20

B5

20

B8

19

b

1

20

B6

B7

a

20

a

13

a

12

b

7

b

8

20

a

19

b

1

Table 4-6: The responses from the 40 subjects in the experiment of continuation.
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The null hypothesis is:
H0: The perceived haptic layouts are not correlated to the perceived
visual layouts (r = 0),
This was tested against the alternative hypothesis which is:
Ha: The perceived haptic layouts are correlated to the perceived visual
layouts (r < 0 or r > 0).
There were a total of N = 22 responses, therefore the degrees of freedom N = 20.
For α = 0.5 and n = 20, the critical value of r is 0.378. Therefore, the decision rule
is:
Reject H0 if r > 0.378;
otherwise do not reject H0
Since the computed value of the test statistic r = 0.994, we reject H0 and conclude
that the haptic responses are strongly correlated with the visual responses with a
very high level of significance. This findings supports the hypothesis that the
subjects are using the principle of continuation in the same way to group both
visual and haptic elements.
There were significant differences in the completion times between the haptic and
visual grouping tasks. A variance analysis on the total time that a subject took to
complete the 8 tasks in a layout set is shown in Table 4-7.
Source of Variation

SS

df

MS

F

P value

F crit 5%

Visual / Haptic

534645

1

534645.00

209.85

0.0000

4.09

Subjects

124230

39

3185.38

1.25

0.2444

1.70

Gender

24220.8

1

24220.80

9.5067

0.0038

4.09

Order of layout A

1170.45

1

1170.45

0.4594

0.5019

4.09

2832.2

1

2832.2

1.1116

0.2982

4.09

Error

99363

39

2547.77

Total

758238

79

Within subjects

& layout B
Order of visual
& haptic

Table 4-7: Analysis of Variance of the total time taken to complete the 8 tasks in a
layout set for the experiment of continuation.
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ANOVA shows a significant difference between the time taken to complete the
tasks haptically and visually (p value = 0.0000).
There was no significant difference between subjects for the total time taken to
complete the task (p value = 0.2444). Moreover, closer examination reveals that
the order of the visual tasks undertaken (e.g. whether the visual task was
undertaken first or last) did not affect the time taken to complete the task (p value
= 0.2982). Similarly, the order in which layout sets A and B were used did not
affect the time taken to complete the task (p value = 0.5019).
However, a significant difference (p value = 0.0038) in the time taken due to
gender is observable in the haptic mode, as males took longer to respond than
females. All 40 subjects took less time in the visual grouping part of the
experiment. On average the visual tasks took only 14.28 seconds to complete
whereas the haptic tasks took 177.78 seconds to complete (Table 4-8).
Average response time (seconds)

Visual

Haptic

20 female

14.75

142.50

20 male

13.80

213.05

40 subjects

14.28

177.78

Table 4-8: Average response time from the 40 subjects in the experiment of
continuation.

4.3.4 Discussion
This experiment investigates whether the Gestalt principle of continuation is
applicable in the same way to both haptic and visual grouping of elements.
There were two layout sets in the experiment, layout A and layout B (Table 4-6).
Most of the subjects perceived a continuous line even though some parts of the
line were hidden in the layouts. This was true in 613 of the 640 responses. There
were 10 (of 320) responses in layout A and 17 responses (of 320) in layout B,
where subjects did not perceive a continuous line between elements.
We will first discuss the different responses that subjects perceived in layout A. In
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layout #A4 (Table 4-6), five visual responses and three haptic responses were
different from the other responses. Subjects grouped the elements as two squares
and did not perceive a line under the two squares. It could be that subjects
perceived the two squares as two separate elements.
In layout #A6 (Table 4-6), one subject had a different response where the subject
perceived a rectangle. It could be that many elements were hidden and the subject
could not perceive the continuous lines between the haptic elements. In layout
#A7 (Table 4-6), one subject had a different response from the other 19 subjects.
For layout B, there was one different haptic response in layout #B5 and layout
#B8 (Table 4-6). The reason could be because many haptic elements were hidden,
therefore the subjects could not group the haptic elements together as a
continuous line.
In relation to layout #B7 (Table 4-6), seven visual responses and eight haptic
responses were different from the other responses. It could be that subjects
grouped the elements by proximity. Elements will be grouped together if they are
close to each other. Subjects may have grouped the two circles together because
they perceived the circles were close to each other.

4.3.5 Guideline
There is one guideline that has been developed from the results to assist design of
haptic displays. This haptic guideline is discussed below:
People tend to feel a continuous line even if some parts of the line are
covered.
People join the haptic objects as a group if they are positioned in a line even
through some parts are hidden.
The results indicate that the principle of continuation applies in the same way to
the visual and haptic grouping of elements. The designers of haptic and
multi-sensory displays may expect users to complete forms for both visual and
haptic elements in the same way.
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4.4 Experiment 3: Closure
The hypothesis of the experiment is that the principle of closure is applicable to
both the visual and haptic grouping of display elements. That is, people tend to
group elements together in order to complete a larger pattern. For both visual and
haptic displays we investigate how people fill in missing parts to complete the
form, as shown in Figure 4-14.

Perceived visual patterns

Perceived haptic patterns

Completed form

Completed form

Figure 4-14: An example of visual and haptic closure.

4.4.1. Materials and layout design
The materials consist of two stimulus sets of eight layouts, layout A (Figure 4-15)
and layout B (Figure 4-16). Each set (layout A and layout B) consists of eight
different layouts of simple shapes and familiar objects where the elements were
designed and constructed to be of the same thickness and surface texture. This
helps to isolate other object properties, apart from spatial location that could result
in grouping. Each layout was positioned on a piece of white paper with size
measuring 15 by 10.5 centimetres.
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Closure - Layout A

Layout

#A1

Layout

#A2

Layout

#A3

Layout

#A4

Layout

#A5

Layout

#A6

Layout

#A7

Layout

#A8

Figure 4-15: Layout A for closure.
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Closure - Layout B

Layout

#B1

Layout

#B2

Layout

#B3

Layout

#B4

Layout

#B5

Layout

#B6

Layout

#B7

Layout

#B8

Figure 4-16: Layout B for closure.
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To keep the displays as simple as possible only one material was used to construct
the elements in the layouts. Each layout was designed to be used in both the
haptic or visual mode. It was important the elements would be distinguishable
from the white paper (background) by both colour (visual) and surface texture
(haptic). The elements were constructed using pieces of black sandpaper with a
grit value of 120.

4.4.2. Procedure
This is a within subjects design because it compares the performance where each
subject experiences the visual and haptic grouping tasks.
Forty subjects took part in the experiment. There were 20 female and 20 male
subjects aged between 20 and 50 years. No subject reported any haptic
impairment and all subjects had normal or corrected-to-normal vision.
Subjects were individually tested in a normal room with normal lighting. Each
subject was seated in front of a table and positioned directly in front of the layouts.
Subjects were free to use their own grouping methods and were able to take as
long as they required to complete each task. Some minimal training was
conducted with each subject. The training exposed the subjects to two haptic and
visual layouts, allowing them to become familiar with the grouping task. No
feedback was given to indicate the correctness or otherwise of the subjects’
answers.
Figure 4-17 shows how the twenty males and twenty females were randomly
assigned into two equally sized groups (ten females and ten males). The first
group conducted the visual test before the haptic test and the second group
conducted the haptic test before the visual test. Each group was divided into two
equally sized sub-groups (each subgroup had five females and five males). The
first sub-group conducted the tests using layout A before using layout B. The
second sub-group used layout B before layout A. The layouts were presented one
at a time and the subjects were allowed to take as much time as they required for
the task.
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Gender

20 females

Mode order

Layout order

10 subjects

5 subjects layout A

B

5 subjects layout B

A

5 subjects layout A

B

5 subjects layout B

A

5 subjects layout A

B

5 subjects layout B

A

5 subjects layout A

B

5 subjects layout B

A

visual

10 subjects
haptic

40 Subjects

haptic
visual

10 subjects
20 males

visual

haptic

10 subjects
haptic

visual

Figure 4-17: A diagram to show how the subjects were randomly assigned into
equally sized groups to conduct the visual and haptic grouping tasks for the two
sets of layouts (layout A and layout B).

The visual grouping part of the experiment required the subjects to only use their
visual sense to group the elements in the layout and the subjects were instructed
not to touch the layouts. Similarly, during the haptic grouping part of the
experiment, the subjects were instructed to place their hands inside a box that
prevented the viewing of each layout (Figure 4-4). Subjects only used hands and
fingers to explore the layouts and group the elements.
Subjects were asked to draw the outlines of the shapes they perceived in the
layouts on the answer sheet (Figure 4-18). The subjects did not have any visual or
haptic access to the actual layout when they were required to draw their response.
Time taken to complete each layout for each mode was also recorded. The
subjects were not aware of this and completion time was not a primary goal of the
experiment.
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Figure 4-18: An example of a completed answer sheet used in the experiment of
closure. Subjects were asked to draw the shape they perceived.

4.4.3. Results
The experiment is designed to measure whether the subjects used the principle of
closure (fill in the gap) when grouping elements using their visual and haptic
senses.
The outcomes obtained from the 40 subjects are shown in Table 4-9. In the
majority of responses, subjects used the closure principle to fill in the gaps to
complete the form. There was almost no difference between the haptic and visual
modes. Of the 640 possible responses from the 40 subjects, 313 responses
completed the form in the visual mode and 314 responses completed the form in
the haptic mode.
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Layout A - Visual
Layout no.

response

Layout A - Haptic

no. of

response

subjects

no. of
subjects

A1

20

20

A2

20

20

A3

20

20

A4

20

A5

A6

A7

A8

a

19

b

1

20

20

20

a

19

b

1

20

a

19

b

1

a

17

b

1

c

2

20
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Layout B - Visual
Layout no.

response

Layout B - Haptic

no. of

response

subjects

no. of
subjects

B1

20

20

B2

20

20

B3

20

20

B4

20

20

B5

20

20

B6

20

20

a

18

20

b

1

c

1

a

16

a

19

b

4

b

1

B7

B8

Table 4-9: The responses obtained from the 40 subjects in the experiment of
closure.
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There were a total of N= 24 responses the degrees of freedom are N = 22.
For α = 0.5 and n = 22, the critical value of r is 0.360. Therefore, the decision rule
is:
Reject H0 if r > 0.360;
otherwise do not reject H0
Since the computed value of the test statistic r = 0.988, we reject H0 and conclude
that the perceived haptic responses are significantly correlated with the visual
responses. This findings supports the hypothesis that the subjects are using the
principle of closure in the same way to group both visual and haptic elements.
There were considerable differences in completion times between the haptic and
visual grouping tasks. A variance analysis on the total time a subject took to
complete the 8 tasks in a layout set is shown in Table 4-10.
It reveals a significant difference between the time taken to complete the tasks
haptically and visually (p value = 0.0000).
There was no significant difference between subjects for the total time taken to
complete the task (p value = 0.308). Moreover, the order of the visual tasks
undertaken (e.g. whether the visual task was undertaken first or last) did not affect
the time taken to complete the task (p value = 0.979). Similarly, the order in
which layout sets A and B were used did not affect the time taken to complete the
task (p value = 0.088).
However, a significant difference in the time taken due to gender differences is
observable in the haptic mode, as males generally took longer to respond than
females (p value = 0.0058). All 40 subjects took less time in the visual grouping
part of the experiment. On average the visual tasks took 13.3 seconds to complete
whereas the haptic tasks took 129.1 seconds to complete (Table 4-11).
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Source of Variation

SS

df

Visual / Haptic

268308.61

1

Subjects

101300.89 39

MS

F

268308.61 121.40

P value

F crit 5%

0.0000

4.09

2597.46

45.84

0.3082

1.70

Within subjects
Order of visual

(1.51)

(1)

1.51

0.00

0.9793

4.09

(6752.81)

(1)

6752.81

3.06

0.0883

4.09

(18880.51) (1)

18880.51

8.54

0.0058

4.09

& haptic
Order of layout A
& layout B
Gender
Error

86191.89

39

Total

455801.39 79

2210.05

Table 4-10: Analysis of Variance of the total time taken to complete the 8 tasks in a
layout set for the experiment of closure.
Average response time (seconds)

Visual

Haptic

20 female

14.25

97.45

20 male

12.35

160.8

40 subjects

13.3

129.1

Table 4-11: Average response time from the 40 subjects in the experiment of
closure.

4.4.4. Discussion
The results in this experiment indicate that the principle of closure does apply in
the same way to both the visual and haptic grouping of elements.
There were two layout sets in the experiment, layout A and layout B (Table 4-9).
Most of the subjects ignored gaps between the elements and filled in the missing
parts to complete the form. This was true in 627 of the 640 responses. There were
six (of 320) responses in layout A and seven (of 320) responses in layout B, where
the subjects did not ignore gaps between the elements.
We will first discuss the different responses that subjects perceived in layout A. In
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layout #A4 (Table 4-9), one haptic response was different from other responses.
This maybe because the subject could not perceive the large round haptic element
or the subject did not fill in the gaps between complex elements. Studies shows
complex elements may consist of irregular gaps or small gaps, and users may be
unable to fill in the gaps between complex elements to group the haptic pattern
(Challis and Edwards, 2001; ETSI EG 202 048, 2002).
In layout #A5 (Table 4-9), one visual response was different from other responses.
This may be because the subject grouped the visual elements based on familiarity.
The principle of familiarity states: “Things are more likely to form groups if the
groups appear familiar or meaningful” (Goldstein, 1999, p.183). Maybe the
subject grouped the elements as two “T” letters because the letter “T” looked
more meaningful.
The subjects may have grouped the haptic elements based on proximity in layout
#A6 and layout #A7 (Table 4-9). Subjects may group the elements together
because they perceived the elements were close to each other. “Things that are
near to each other appear to be grouped together” (Goldstein, 1999, p.182).
For layout B, there are two different haptic responses in layout #B7 (Table 4-9).
Subjects may have grouped the haptic elements based on proximity because the
elements were close to each other. Also, the subjects may have perceived the
irregular elements in layout #B7 and they were unable to fill in the gaps between
complex elements.
In layout #B8 (Table 4-9), four visual responses and one haptic response are
different from the other responses. It could be that subjects grouped the elements
by familiarity. They may have perceived the letter ‘E’ because the letter ‘E’ was a
familiar element to them.
It is difficult to study the subjects’ interpretation of haptic and visual grouping
because perceptual grouping can be interpreted in many ways. From the results,
we find that people may perceive visual and haptic elements differently if they
perceive familiar patterns. Also, males performed more slowly on these haptic
tasks. These issues would be good topics for future research.
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4.4.5 Guideline
Two new haptic design guidelines (Table 4-12) are proposed below:
1. People tend to close the gaps between the individual haptic elements
and form elements into one group.
The results of the experiments indicate that subjects tend to ignore gaps
between the haptic elements and fill in the missing part in order to complete
the form.
2. Use simple haptic objects for haptic displays.
Designers need to take care to use simple haptic objects for the haptic
displays. Complex haptic objects may consist of very small or irregular gaps,
and users may be unable to fill in the gaps between complex objects. Users
will perceive the wrong pattern if there are too many complex haptic objects
in the displays.

Haptic guidelines for closure
People tend to close the gaps between the individual haptic elements and form
elements into one group.
Use simple haptic objects for haptic displays.

Table 4-12: The haptic guidelines developed from the experiment of closure.
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4.5 Experiment 4: Similarity and Proximity
The hypothesis of this experiment is that the principles of similarity and proximity
are used in the same way when people group elements with either the visual or
haptic sense. We also evaluate, for the Gestalt principle of similarity, whether the
patterns found in visual grouping (by colour) are the same as those found in haptic
grouping (by texture). This is shown in Figure 4-19. Furthermore, for the Gestalt
principle of proximity, we evaluate whether the patterns found in visual grouping
(position) are the same as those found in haptic grouping (position). This is shown
in Figure 4-20.

visual

haptic

Figure 4-19: An example of how the principle of similarity is applied in the same
way for both visual and haptic grouping of elements. Visually, elements are
grouped by colour, while haptically, it is predicted that surface texture will be used
to identify the same groups.

visual

haptic

Figure 4-20: An example of how the principle of proximity is applied in the same
way for both visual and haptic grouping of elements. In both cases it is predicted
that people will group the spatially close objects into the same groups.
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visual

haptic

Figure 4-21: An example of how a mixture of both similarity and proximity can be
applied in the same way for both visual and haptic grouping of elements. In both
cases it is predicted that people may use a combination of spatial location
(proximity) and element properties (colour or texture) to make their groupings.

For simple layouts, it is predicted that either spatial position (proximity) or
element properties (similarity) will result in non-ambiguous groupings. However,
in more complex layouts, subjects may group the elements by either proximity, or
similarity, or a mixture of both. This experiment provides a number of simple
unambiguous layouts but is also designed to evaluate how subjects will interpret
more complex, ambiguous layouts. That is, whether the patterns found in visual
grouping (using colour and/or position) will be the same as those found in haptic
grouping (texture and/or position). This is shown in Figure 4-21.

4.5.1. Materials and layout design
The stimulus set consisted of 16 different layouts that were designed and
constructed using square shapes of the same size and thickness. For each layout,
these square elements were positioned on an A4 piece of white paper. An example
of a layout is illustrated in Figure 4-22. Each display layout consists of 7 to 16
elements measuring 2.5 by 2.5 centimetres.
Three distinct elements were used in each layout, distinguishable by colour
(visual) and surface texture (haptic). The elements were constructed using pieces
of sandpaper and cardboard, which differed in colour and surface texture. The
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three distinguishable elements are made from: red 40-grit sandpaper (rough);
yellow 280-grit sandpaper (medium texture) and; and black cardboard (smooth).
The size, shape and thickness of each element were kept the same to rule out other
grouping properties.

red 40-grit sandpaper

yellow 280-grit sandpaper

black cardboard

rough

smooth

visual

haptic

Figure 4-22: An example of the media and layouts used in the experiment.
Subjects apply visual perception to perceive the three colours (red, yellow and
black) and haptic perception to perceive the three different textures (grit 40-rough,
grit 280-medium and cardboard-smooth).

The layouts used in the experiment are shown in Figure 4-23a, 4-23b and 4-23c.
Eight of the layouts (#1–#8) were simple. The other eight layouts (#9–#16)
were complex.
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Simple Layouts - Similarity

Layout

#1

Layout

#2

Layout

#3

Layout

#4

Figure 4-23a: The 1-4 layouts are grouped by similarity.
Simple Layouts - Proximity

Layout

#5

Layout

#6

Layout

#7

Layout

#8

Figure 4-23b: The 5-8 layouts are grouped by proximity.
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Complex Layouts (Similarity or Proximity)

Layout

#9

Layout

#10

Layout

#11

Layout

#12

Layout

#13

Layout

#14

Layout

#15

Layout

#16

Figure 4-23c: The 9-16 layouts are grouped by either similarity or proximity.
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4.5.2. Procedure
This is a within subjects design because it compares the performance where each
subject experiences the visual and haptic grouping tasks.
Forty subjects took part in the experiment. There were 20 female and 20 male
subjects aged between 20 and 50 years. All subjects had normal or
corrected-to-normal vision and none reported any haptic impairment.
Subjects were individually tested in a normal room with normal lighting. Each
subject was seated in front of a table and positioned directly in front of the layouts.
Some minimal testing was conducted with each subject. The testing exposed the
subjects to six haptic and visual layouts, allowing them the opportunity to
distinguish between the three colours and textures and to practice the grouping
task. No feedback was given to the subjects to indicate that answers were in any
sense right or wrong. The subjects did not proceed with the experiment if they
were unable to distinguish between the textures and colours at this stage. All the
subjects were able to make this distinction.
Because each of the elements in the layouts differed in both colour and surface
texture, the same set of layouts could be used for both the visual and haptic modes
of the evaluation. In total, 20 of the 40 subjects undertook the visual grouping
exercise followed by the haptic grouping exercise (Visual-Haptic). The remaining
20 subjects undertook the haptic grouping exercise followed by the visual
grouping exercise (Haptic-Visual). Subjects were allocated randomly to each
group.
To help control for individual variations, the subjects of this experiment were
asked to perform the task of inspecting a randomly ordered set of layouts using
the two modes of sight (visual) and touch (haptic). In each mode the subjects were
required to group elements in the layouts and to state the method applied in
determining that grouping (position, colour or texture).
To control for variations expected from ordering, the layouts were presented in
random order for both the visual and haptic modes. The 16 layouts were presented
one at a time and the subjects were told to take as much time as they required for
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the task.
During the visual grouping part of the experiment, the subjects were asked only to
use their visual sense to group the elements. Subjects were instructed to not touch
the layouts during the visual grouping because haptic senses influence the visual
perception (Violentyev et al., 2005). Similarly, because vision influences haptic
perception (Klatzky et al., 1987; Schaefer et al., 2005; Tipper et al., 1998), the
subjects were blindfolded during the haptic grouping part of the experiment. The
hand is often acknowledged as the primary channel of the haptic sense (Sathian,
1989). In the haptic case the subjects only used their hands and fingers to explore
the layouts and group the elements.
In both parts of the experiment, the subjects were asked to verbally express the
number of groups they perceived, and the reason they drew that conclusion. The
evaluator was present at all times during the experiment to manually record the
number of groups detected in each layout and the grouping technique used in each
case (position, colour or texture). However, no feedback about the grouping was
given to the subjects by the evaluator.
The time taken to complete each layout was also recorded, although the subjects
were not aware they were being timed for each task and measuring performance
was not a primary goal of the experiment.

4.5.3. Results
The experiment is designed to measure whether the subjects use the same
principle; either similarity (colour/texture) or proximity (position) when grouping
elements using their visual and haptic senses.
The null hypothesis is:
H0: The responses are independent (the visual response is independent of the
haptic response and vice versa),
This was tested against the alternative hypothesis which is:
Ha: The responses are dependent (the visual response is related to the haptic
response).
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The results for the number of groups that subjects perceived in each layout used in
the experiment are shown in Appendix section 4.
There are four possible outcomes for each layout used in the experiment where
the visual observation is followed by the haptic observation. The subjects may
group by:
1. similarity using both the visual and haptic senses (SV-SH); or
2. proximity using both the visual and haptic senses(PV-PH); or
3. similarity using the visual sense and proximity using the haptic sense
(SV-PH); or
4. proximity using the visual sense and similarity using the haptic sense
(PV-SH).
The possible outcomes for each layout are shown in Table 4-13.
Mode
Outcome

Visual

Haptic

SV-SH

similarity (colour)

smilarity (texture)

PV-PH

proximity (position)

proximity (position)

SV-PH

similarity (colour)

proximity (position)

PV-SH

proximity (position)

similarity (texture)

Table 4-13: The four possible outcomes for each layout when a single subject
groups elements in the visual and haptic modes.

The actual results are shown in Table 4-14.
A Chi-squared test of independence was applied to all the responses. On the basis
of the test statistic (Q2 = 355) the null hypothesis was rejected (p-value = 0.000)
which leads to the conclusion that the visual and haptic responses are not
independent. This finding supports the alternative hypothesis that subjects are
using the principles of similarity and proximity in the same way to determine both
visual and haptic groups. Using a 99% confidence interval we found subjects’
responses were the same for both visual (SV-SH) and haptic (PV-PH) grouping
between 87-93% of the time (CI 99% (p) = (0.93, 0.87)).
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Memory of layouts from the first task may influence subjects’ responses in the
second task. To check for ordering effects between the visual and haptic modes,
the number of different responses (SV-PH or PV-SH) was determined for the
subjects that attempted the visual task before the haptic task and then again for
subjects who performed the haptic task before the visual task. Although a
discrepancy was found between the average difference rate of Visual-Haptic (2.2)
and Haptic-Visual (1.1) groups, the two-tailed t-test indicates that there was no
significant difference between the groups (t (39) = 1.83, p = 0.0672, p > 0.05).
A two-tailed t-test was also used to analyse for possible gender differences in the
outcomes. However, no significant differences between male and female
responses were found (t (39) = 0.31, p = 0.7566, p > 0.5).
The average completion time was 3.86 seconds for the visual task and 25.48
seconds for the haptic task (Paired t(39) = -10.32, p-value = 0.0000). Subjects
took significantly more time in the haptic grouping part of the experiment. These
results support the finding that haptic grouping generally uses more working
memory than visual grouping (Bliss and Hamalainen, 2005).
Layout Number

Outcome
1

2

3

4

5

6

7

8

SV-SH

32

30

29

31

7

7

6

7

PV-PH

6

7

8

5

31

31

30

31

SV-PH

1

0

1

1

1

0

1

0

PV-SH

1

3

2

3

1

2

3

2

Layout Number

Outcome
9

10

11

12

13

14

15

16

SV-SH

15

15

6

17

10

26

8

6

PV-PH

13

19

30

20

22

9

30

30

SV-PH

5

3

1

2

3

2

0

1

PV-SH

7

3

3

1

5

3

2

3

Table 4-14: Occurrences of each of the four possible outcomes for the 16
different layouts.
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4.5.4. Discussion
The results in this experiment indicate that the principles of similarity and
proximity do apply in the same way to both the visual and haptic grouping of
elements.
There are 16 layouts divided into two sets, simple layouts and complex layouts.
We summarise the grouping methods that subjects used for both visual and haptic
grouping in Table 4-15a and Table 4-15b.
Firstly, we compare the grouping methods used by the subjects between the
simple and complex layouts. For the simple layouts (#1–#4), 68.8% of the
subjects applied texture or colour (similarity) (SV-SH) to group the elements
when there is equal spacing between the elements. Further, in the simple layouts
(#5–#8) when there is unequal spacing between the elements, 69.9% of the
subjects grouped on closeness (proximity) (PV-PH) rather than the colour or
texture differences of the elements.
For the complex layouts (#9–#16), subjects are more likely to used different
grouping methods when perceiving the more ambiguous patterns in the complex
layouts. For example, 15 subjects used similarity (SV-SH) and 13 subjects used
proximity (PV-PH) in layout #9; 15 subjects used similarity (SV-SH) and 19
subjects used proximity (PV-PH) in layout #10; 17 subjects used similarity
(SV-SH) and 20 subjects used proximity (PV-PH) in layout #12.
Secondly, we discuss if the subjects changed the grouping methods between
haptic and visual grouping modes in the simple and complex layouts. For the
simple layouts (#1–#8), on average, seven per cent (7%) of the subjects changed
grouping methods between the visual and haptic grouping modes. For the
complex layouts, on average, only five per cent (5%) of the subjects changed the
grouping methods between modes. But we found that 43% of the subjects
changed grouping methods between modes in layout 9. In layout 13, 25% of the
subjects changed grouping methods between modes.
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Percentage of grouping methods
Layout no.

Main

Average time (sec)

SV-SH and

(SV-SH) + (PV-PH) and

grouping

Visual

Haptic

PV-PH

(SV-PH) + (PV-SH)

method

grouping

grouping

Similarity

4.3

24.9

Similarity

3.6

25

Similarity

4.4

31

Similarity

3.7

25.5

Proximity

4.2

22

Proximity

4.7

26.3

Proximity

3.9

28

Proximity

4.3

25

1

2

3

Simple layouts

4

5

6

7

8

Table 4-15a: The results for the simple layouts. It suggests that in most layouts,
subjects used the same method (either similarity or proximity) for both visual and
haptic grouping.
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Percentage of grouping methods
Layout no.

Main

Average time (sec)

SV-SH and

(SV-SH) + (PV-PH) and

grouping

Visual

Haptic

PV-PH

(SV-PH) + (PV-SH)

method

grouping

grouping

Ambiguous

3

29.2

Ambiguous

3.8

25.7

Proximity

3.3

24.1

Ambiguous

3.3

21.1

Ambiguous

3.5

18.1

Similarity

3.3

27.5

Proximity

3.4

22.4

Proximity

5.1

31.2

9

10

11

Complex layouts

12

13

14

15

16

Table 4-15b: The results for the complex layouts. Layouts #9, #10, #12 and #13
show the most variation between haptic and visual grouping techniques (SV-PH
or PV-SV).
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It could be argued that some of the subjects confused the mixed layouts when
conducting the visual and haptic grouping, or that some subjects inherently
applied different Gestalt principles for visual and haptic grouping of more
complex arrangements. This could be due to the more memory intensive nature of
detecting haptic similarity (texture) and proximity (position). Furthermore, cause
may lie with the different spatial resolutions of each sense. For example, we might
expect proximity to be more accurate with the high spatial resolution of the visual
sense, where proximity is found to be the dominant grouping principle in the
perception of complex layouts.
All the subjects spent less time in visual grouping than haptic grouping for every
layout. There was no time difference between layouts within the visual or haptic
conditions.

4.5.5 Guideline
Based on this experiment, we propose three new guidelines for visual and haptic
displays (Table 4-16a) and four new guidelines for haptic displays (Table 4-16b).
The seven design guidelines are discussed below:
1. There is no gender difference in perceptual groupings.
From the experiment of similarity and proximity we found no gender
difference in the perception of patterns. Designers do not need to consider
the difference between the genders when they group the objects in the haptic
and visual displays.
2. Proximity dominates similarity in complex layouts.
Most users may use proximity rather than similarity to group the complex
layouts. For example, in the layouts 11, 15 and 16 (Table 4-4), some
elements are grouped because they have the same surface texture with equal
spacing, but most subjects group by proximity.
3. Do not use both proximity and similarity to group complex displays.
From the experiment results, we found that some of the subjects did not use
the same grouping principles in visual and haptic grouping of complex
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layouts. It could be that subjects confused the principles in visual and haptic
grouping. Designers need to take care to use only one grouping principle
when designing complex multi-sensory displays.
4. Use the same texture to group related elements.
It is important to use the same surface texture for haptic grouping of
elements. From the experiment results, we found that subjects group
elements with the same surface texture together. For example, in a user
interface screen, users will perceive elements with the same roughness
surface texture as having the same function (e.g. printing) on every screen.
Therefore, a designer should use the same surface texture to represent the
same information.
5. Spatial proximity causes haptic grouping.
It is important to use the same spacing for haptic grouping of objects. From
the experiment results, we found that people group close elements. For
example, people will expect to perceive the closeness objects as the related
functions.
6. Use noticeable grit grade to represent the texture for haptic elements.
Jones and Hunter (1992) found the just noticeable difference (JND) for
roughness of surface texture is 23 percent. ETSI EG 202 048 (2002)
recommends designers to use high-density texture for experienced users to
explore haptic displays. The results of the experiment indicate that people
can identify the difference between the surface textures and they group the
elements with the same surface texture together. Therefore, it is important for
the designer to use appropriate grit grade to represent different surface
texture for haptic displays. Suggested grit differences for grouping purposes
are proposed in Table 4-17. These suggestions are not exhaustive and should
only be a general guide. If the grit is greater than 80, users will group the
haptic objects into different groups. If the grit is less than 20, users will be
unable to tell the difference between the surface textures. If the grit grade
difference is between 20 and 80, the users will be unable to distinguish the
difference between the surface textures.
7. Use spatial distance to group related haptic objects.
It is important to provide an appropriate space between the haptic objects,
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because people will group close objects together. People will not recognise
the two different objects if there is not enough space between haptic objects.
Studies show that the JND for length is 1 mm for the elements of length 10
mm and 2.4 mm for elements of length 80 mm (Durlach and Mavor, 1995).
Loomis (1979) points out that the spatial resolution on the finger pad is about
0.15 mm and the noticeable gap between the two elements is about 1 mm
(Johnson and Phillips, 1981). A gap can help our haptic sense to group the
haptic objects together (Chang et al., 2007a).

Visual and haptic design guidelines for similarity and proximity
There is no gender difference in perceptual groupings.
Proximity dominates similarity in complex layouts.
Do not use both proximity and similarity to group complex displays.
Table 4-16a: The design guidelines for visual and haptic displays developed from
the experiment on similarity and proximity.

Haptic guidelines for similarity and proximity
Use the same texture to group related elements.
Spatial proximity causes haptic grouping.
Use noticeable grit grade to represent the texture for haptic elements
Use spatial distance to group related haptic objects
Table 4-16b: Haptic guidelines developed from the experiment on similarity and
proximity.

Grit grade < 20

Grit grade 20—80

Grit grade > 80

Group together
Ambiguous
Different group
Table 4-17: The common grit difference for grouping purposes.
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4.6 Conclusion, limitations and future research
The early Gestalt perceptual studies proved that Gestalt principles can be applied
in visual perceptual grouping. This thesis provides additional empirical evidence
that Gestalt principles of figure-ground, continuation, closure and similarity and
proximity can also be applied to haptic grouping.
As shown by the studies that the skin receptors are similar in structure to retina
for humans in perceiving elements (Mountcastle, 1957; Beksey, 1960; Goldstein,
1999), the results of these experiments provide evidence that the subjects used the
same method to group elements in both haptic and visual layouts. These findings
are consistent with the four experiments which used different layouts and were
tested on different subjects.
However, the evaluation only deals with a limited age group, that of 20 to 50
years olds. Future experiments should examine infants and other age groups to
determine whether the same grouping method is used to group visual and haptic
elements.
Overall, all the subjects spent less time to group the elements in the visual task.
The haptic test in the four experiments did not use a vision-impaired person to
perform the grouping tasks. All subjects had normal or correct-to-normal vision.
Subjects used blindfolds to conduct the haptic test in the experiments of similarity
and proximity; subjects perceived the haptic layouts inside a box (as in Figure 4-4)
to conduct the haptic grouping task in the experiments of figure-ground,
continuation and closure. A vision-impaired person might use less time than the
normal vision person to perform the haptic grouping task because they have been
trained and/or are experienced at using the haptic sense to perceive the elements.
Therefore, future experiments should engage a vision-impaired person to conduct
the haptic grouping.
Moreover, the response time between genders would be interesting to address in
future investigations. Experiments of closure and continuation indicated the
differences in response time between females and males. Females used less time
in haptic grouping than males. However, females took longer to respond in the
visual grouping tasks, when the subjects grouped the layouts design for closure

Chapter 4 Experiments in haptic grouping

141

and continuation. The future work could include studies of individual differences
in haptic response time due to gender, age and other culture factors.
The experimental layouts that we designed (see Figures 4-2, 4-10, 4-11, 4-15,
4-12, 4-23a, 4-23b and 4-23c) are spatial visual or spatial haptic displays, and
they are presented statically. Future experiments could examine whether the
subjects apply the same Gestalt principles to group temporal layouts, in both
visual and haptic grouping.
The results of the experiments also indicate that some subjects might use several
different Gestalt principles at the same time during the visual and haptic grouping
tasks. For example, some subjects used both similarity and proximity for both
visual and haptic grouping in layout 9 (Figure 4-23c) of the similarity and
proximity experiments. The research of this thesis did not investigate mixed
Gestalt principles in haptic grouping. This would be a good topic for future
research.
This chapter proposes 13 new design guidelines for multi-sensory displays. There
are 10 new guidelines for haptic displays (Table 4-18a) and three new guidelines
for both visual and haptic displays (Table 4-18b). Further experiments would add
weight to these recommendations. For example, the experiments used only three
grits for the surface textures. Refining these parameters would give stronger
results.
The four experiments in this thesis examine the grouping effects for the visual and
haptic senses. Studies point out that vision perception dominates haptic perception
(Hale and Stanney, 2004; Holding, 1975; Watt, 1995). The future experiments
may also study the results of combining haptic grouping with visual grouping and
to investigate whether multi-sensory displays can increase performance. For
example, does rough surface texture affect the identification of the elements’
colour? Can force feedback enhance judgement of the location of elements?
Future experiments may investigate whether Gestalt principles cross the boundary
from visual to haptic. For example, can any of the Gestalt principles be applied in
the grouping when half of the elements are presented in visual form and the other
half presented in haptic form? If you feel the first half line haptically and perceive
the second half of the line visually, will you perceive a single line or two separate
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lines?

Design guidelines for haptic displays
People tend to recognise familiar haptic objects as figures
People tend to recognise symmetrical haptic objects as figures
People tend to recognise smaller haptic areas as figures
People tend to feel a continuous line even if some parts of the line are
covered
People tend to close the gaps between the individual haptic elements and
form elements into one group
Use simple haptic elements for haptic displays
Use the same texture to represent related elements
Spatial proximity causes haptic grouping
Use noticeable grit grade to represent the texture for haptic elements
Use spatial distance to group related haptic objects

Table 4-18a: The 10 haptic guidelines developed from the experiments of
figure-ground, continuation, closure and similarity and proximity.

Design guidelines for both visual and haptic displays
There is no gender difference in perceptual groupings
Proximity dominates similarity in complex layouts
Do not use both proximity and similarity to group complex displays

Table 4-18b: The three general design guidelines for visual and haptic displays.

This chapter has examined how the Gestalt principles can be applied to the haptic
grouping of elements. This chapter has also developed 13 new design guidelines
for visual and haptic displays.

CHAPTER
5

Gestalt-Taxonomy
for design guidelines

The design of multi-sensory displays is an area that requires research in human
perception and computer science (Thimbleby, 1990). Guidelines that predict
multi-modal perceptions can assist in the design of multi-sensory displays.
Well-structured guidelines reduce the complexity of design issues. This chapter
proposes the Gestalt-Taxonomy that categorises the design guidelines derived
from the experiments in Chapter 4 by the five most common Gestalt principles
identified in Chapter 3.
The chapter begins with a discussion of the differences between “principles” and
“guidelines”. The Gestalt-Taxonomy is then described and the new and existing
guidelines for information visualisation and information haptisation are
introduced. The application of the Gestalt-Taxonomy is then illustrated by user
interfaces examples that discuss the guidelines in the context of the relevant
Gestalt principle.
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5.1 Principles and guidelines
This section discusses design principles and design guidelines. A design principle
provides a high-level “general recommendation on the process of design” (ISO
14915-1, 2002), whilst a design guideline provides a low-level instruction, for
example, an exact design rule (Faulkner, 1998; Shneiderman & Plaisant, 2005).
Designers can apply principles for general decisions and the guidelines for
detailed instructions during the design process.
There are many design principles for specific areas. For example, there are
principles to design multimedia user interfaces (ISO 14915-1, 2002; ISO 14915-2,
2003), general user interface principles to develop educational applications
(Najjar, 1998), principles to design multi-sensory displays (Nesbitt, 2003) and
principles to design human computer interactions (Faulkner, 1998; Dix et al.,
2004; Shneiderman & Plaisant, 2005).
There are also many design guidelines for different application domains. For
example, the design guidelines for surface mount technologies provide
instructions to PC engineers (Traister, 1990). There are design guidelines for
developing safety products for children to avoid dangerous situations (HB
136:2004, 2004). Apple Computer has design guidelines for user interfaces for the
Mac Operating System (Apple Computer Inc, 1995). Cox and Walker (1993)
provide guidance on how to start the design task from the user’s point of view
then discuss the arrangement of the screen objects with examples. Lauesen (2005)
provides guidelines to designers in task analysis, defining the system functions,
the presentation of the screen objects and user documentation. Nesbitt (2003)
proposes the MS-Taxonomy to organise and classify design guidelines into spatial,
temporal and direct metaphors for designing multi-sensory displays. Brown (1988)
and Galitz (1993) focus on design guidelines for detailed screen format design.
They provide different graphical user interface styles as examples to ensure better
user interface screens are designed. Organisations such as the International
Organisation for Standardisation, the International Electrotechnical Commission
and the European Telecommunications Standards Institute have also developed
design guidelines to improve user interfaces.
Consistency and Flexibility are common design principles that provide general
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advice for designers (Faulkner, 1998; Dix et al., 2004; ISO 14915-1, 2002; ISO
14915-2, 2003; Shneiderman & Plaisant, 2005). Consistency requires the design
of a user interface in a standard way, which reduces a user’s time in learning to
perform the same task (Galitz, 1993). This can be interpreted in many ways. For
example, the designer should ensure the manner in which commands are entered
and the output received by a user is consistent (Faulkner, 1998; Shneiderman &
Plaisant, 2005). Another interpretation is that text used in an interface is consistent
with respect to character size, spacing, punctuation and colour (ISO 14915-2,
2003; Ozok & Slvendy, 2004).
Flexibility requires a user interface to allow a user to operate a system in different
ways (Dix et al., 2004) to allow a user to modify the system to meet their own
requirements (Galitz, 1993). In turn this maximises a user’s performance as the
user is able to modify the way commands are entered. For example, this includes
allowing a user to change the colours or texture for the foreground displays.
The general principles of consistency and flexibility can be distinguished from a
guideline which provides precise design rules. For example, a design guideline for
the screen design of a user interface in Australia might stipulate that the date entry
format to be DD-MM-YY (Preece, 1994). Another example is the requirement for
a ‘confirm’ message box to appear to the user in the centre of the window before
quitting the system (Brown, 1988; ETSI EG 2002 048, 2002). The design
guidelines for date entry format and the ‘confirm’ message box can be categorised
under the principle of consistency.
Design principles are widely applicable but this generality can lead to problems of
misinterpretation. Guidelines are more precise in nature and less prone to
misinterpretation, but are not broadly applicable. The lack of generality can
require a large body of guidelines to address a particular task. This leads to
problems in identifying a particular guideline when needed. However, it is
important to provide well-structured guidelines for designers. The next section
introduces the Gestalt-Taxonomy that categorises the visual and haptic guidelines
relevant to multi-sensory displays.
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Figure 5-1: The Gestalt-Taxonomy applies high-level grouping principles to
categorise design guidelines.
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5.2 Structure of Gestalt-Taxonomy
Well-structured guidelines provide designers with both context and detail. This
matches well with the top-down (high-level) and bottom-up (low-level)
approaches often described in software design (Pfleeger, 1998).
The Gestalt-Taxonomy 2 (as shown in Figure 5-1) used common Gestalt
principles to categorise design guidelines for multi-sensory displays. The
commonly used Gestalt principles of figure-ground, continuation, closure,
similarity and proximity were identified in Chapter 3. These principles are used to
categorise the 13 new guidelines for visual and haptic displays developed from
the experiments in Chapter 4.
The Gestalt-Taxonomy can be applied for further developing and categorising
both existing and new guidelines (visual and haptic) relevant to multi-sensory
displays.
The Gestalt-Taxonomy has four levels (Figure 5-2).
The first level contains into six high-level groups:
General guidelines for visual and haptic displays (Section 5.3)
Figure-ground group (Section 5.4)
Continuation group (Section 5.5)
Closure group (Section 5.6)
Similarity group (Section 5.7)
Proximity group (Section 5.8)
The second level groups guidelines by two sensory modes (visual and haptic
senses).
The third level groups the guidelines by application in information visualisation,
information haptisation and user interfaces.

2

A taxonomy is generally defined as a hierarchical system of classification. Originally the term
taxonomy referred to the classifying of living organisms like cats (now known as alpha taxonomy);
however, the term is now applied in a wider, more general sense and now may refer to a
classification of things, as well as to the principles underlying such a classification (from
http://en.wikipedia.org/wiki/Taxonomy).
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The fourth level groups design guidelines by relevant categories.

1

High-level principles
(high-level group)

2

Sensory modes
(visual & haptic)

3

Type of applications
(information visualisation,
information haptisation
& user interfaces )

4

Low-level design guidelines
(visual & haptic guidelines)

Figure 5-2: The Gestalt-Taxonomy is structured into four levels.

The following sections discuss the visual and haptic design guidelines that have
been categorised by the Gestalt-Taxonomy. The finding that visual Gestalts are
highly correlated with haptic Gestalts provides the opportunity to expand and fill
in the set of guidelines. First the new haptic guidelines developed in Chapter 4 are
matched with visual guidelines based on the existing literature. In the other
direction well-established visual guidelines have been extended to develop new
matching haptic guidelines. Section 5.3 discusses the general design guidelines
for visual and haptic displays. Section 5.4 discusses visual and haptic guidelines
for figure-ground grouping. Section 5.5 discusses visual and haptic guidelines for
continuation grouping. Section 5.6 discusses visual and haptic guidelines for
closure grouping. Section 5.7 discusses visual and haptic guidelines for similarity
grouping. Section 5.8 discusses visual and haptic guidelines for proximity
grouping.
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5.3 General guidelines for visual and haptic
displays
The general guidelines provide an understanding of how people will interpret a
multi-sensory display that can be used by designers. The following three general
guidelines for visual and haptic displays were developed from Chapter 4 (Table
4-18b).
G1 There is no gender difference in perceptual groupings
There is no haptic and visual grouping difference between genders when they
perceive the haptic patterns. Designers do not need to consider the difference
between genders when grouping objects in multi-sensory displays.
G2 Proximity dominates similarity in complex layouts
Most users may use proximity to group complex layouts and override the
similarity effect. For example, in Figure 5-3, some elements are grouped as
sub-groups because they have the same surface texture (haptic perception) or
colour (vision perception) with equal spacing. However, most subjects still tend to
use proximity as the grouping method in both visual and haptic modes.

Figure 5-3: People tend to group elements by proximity more than similarity.

G3 Do not use both proximity and similarity to group complex displays
The principles of proximity and similarity can produce conflicting groupings and
care should be taken if using them. People do not apply the same visual and haptic
grouping methods in grouping these more complex layouts. Accordingly
designers should only use one grouping principle when designing complex
multi-sensory displays. For example, in Figure 5-4 the elements have few sets of
the same colour and shape (similarity) and are equally positioned (proximity).
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Therefore, it is difficult to predict how people will group the elements in such
displays.

Figure 5-4: An example of a complex or ambiguous display where different
interpretations arise from the conflict between proximity and similarity.
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5.4 Figure-ground group
5.4.1 Visual guidelines for information visualisation
V-1 People tend to recognise familiar visual objects as figures
V-1 is a visual guideline to match haptic guideline H-1.
Designers need to use familiar visual objects as the foreground because users tend
to group familiar visual objects as figures. For example, in Figure 5-5, most
people will perceive two figure objects, a sun and a moon, because these two
objects are familiar to them.

Figure 5-5: Most people will perceive a sun and a moon as figure.

V-2 People tend to recognise symmetrical visual objects as figures
V-2 is a visual guideline to match haptic guideline H-2.
Designers can present the foreground objects in symmetry because the study
shows that 89 per cent of users perceive symmetrical objects as the figure
(Bahnsen, 1928). For example, in Figure 5-6, most people will perceive the purple
objects as the figure because of its symmetrical nature.
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Figure 5-6: Most people will perceive the purple objects as figure.

V-3 People tend to recognise smaller visual areas as figures
V-3 is a visual guideline to match haptic guideline H-3.
Researchers find that objects that appear in smaller areas are perceived as figures
(Graham, 1929; Katz, 1950; Koffka, 1935). Therefore, designers should use a
small proportion as foreground objects in the visual displays. For example, in
Figure 5-7, most people will perceive the blue object as figure because the blue
object appears in the smaller area.

Figure 5-7: People perceive the blue object as figure.

V-4 Use contrasting colours between foreground and background
In general, contrasting colours should be used between the foreground and the
background (Brown, 1988; ETSI EG 2002 048, 2002). It is important to apply
sufficient contrast between the foreground and the background in visual displays
(Fisher & Smith-Gratto, 1998-1999). A dark colour for the foreground should be
contrasted against a light colour for the background. For example, white text
should be used against a black background for a visual display (Galitz, 1993).
Designers need to avoid using a similar colour code for both the foreground and
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the background, such as yellow text on a white background or blue lines on a
black background, which may be difficult to read (Maguire, 1985). Moreover,
designers need to note the contrast between the foreground and the background
will also create optical noise (Nesbitt, 2003). The International Electrotechnical
Commission (2001) recommends designers avoid using pure white (RGB
255,255,255) and black (RGB 0,0,0) as foreground or background.
V-5 Use colours to highlight elements to draw attention
An effective way to draw the attention of a user is to highlight elements when
they require attention (Brown, 1988). For example, designers can use red to
highlight an error message. Galitz (1993) recommends using bright colours such
as white, yellow, red, green or blue to highlight the required elements. Galitz
(1993) also suggests using contrasting colours to emphasise the highlighted
elements. For example, use blue as the foreground and yellow as the background.
V-6 Use a colour to group background elements together
Colours can be used to group visual elements in multi-sensory displays. Designers
should only use one colour to group and separate background elements from other
foreground elements (Galitz, 1993). Galitz (1993) recommends to use blue, black
or white as possible background, and designers should choose the background
colour before selecting other elements’ colours. Helander (1987) suggests do not
use red as a background colour because it is difficult to focus at the same time.
V-7 Use no more than four colours at one time
Designers need to take care when applying colours for visual elements, as the use
of colour is also a method to present visual displays. Users will get confused if
they perceive too many colours at one time as each colour represents a meaning
for them. Shneiderman and Plaisant (2005) suggest do not use more than fours
colour at one time for a user interface screen. Galitz (1993) recommends using
one colour for background and three colours for the foreground elements.

5.4.2 Visual guidelines for user interfaces
V-8 Use colours to indicate the status
Designers can indicate the status of a foreground element by changing its colour.
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For example, in Figure 5-8, designers can change the colours of the temperature
indicators (foreground elements) against the background information in the
weather report on the computer screen, therefore, users will notice when the
temperature has changed.

Figure 5-8: An example of using different colours to represent different
temperatures in the weather report on the computer screen.

V-9 Enable users to customise colours for the foreground and background
In designing user interfaces, a designer should allow a user to change the
presentation of the elements without modifying the element’s function in order to
increase usability (ISO/TS 16071, 2003; Carter & Fourney, 2004). By doing so,
users can change the colour for the background and foreground elements to meet
their individual requirements. For example, users can change the preferred colour
for the property average price (foreground) between Melbourne and Sydney.

5.4.3 Haptic guidelines for information haptisation
H-1 People tend to recognise familiar haptic objects as figures
This guideline is developed from Section 4.2 (Table 4-5).
Designers need to use familiar haptic objects as the foreground because users
easily form shapes and tend to group the familiar haptic objects as figures. For
example, in Figure 5-9, most people will perceive three figure objects, a circle, a
triangle and a cross because these three objects are familiar to them.
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Figure 5-9: Most people will perceive a circle, a cross and a triangle as the
foreground.

H-2 People tend to recognise symmetrical haptic objects as figures
This guideline is developed from Section 4.2 (Table 4-5).
Designers can present the haptic objects in symmetry as the foreground because
studies show that 89 per cent of users perceive symmetrical objects as the figure
in visual displays (Bahnsen, 1928). If this results is extended by analogy to haptic
displays then most people will perceive the symmetrically shaped rough as the
foreground in Figure 5-10.

Figure 5-10: People may perceive the rough area as foreground.

H-3 People tend to recognise smaller haptic areas as figures
This guideline is developed from Section 4.2 (Table 4-5).
Researchers find that objects that appear in smaller areas are perceived as figures
(Graham, 1929; Katz, 1950; Koffka, 1935). Therefore, designers should use a
small proportion as foreground objects in the haptic displays. For example, in
Figure 5-11, most people may perceive the rough object as the figure because it
appears in a smaller area.
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Figure 5-11: Most people may perceive the rough area as figure.

H-4 Use contrasting textures between foreground and background
H-4 is a new haptic guideline derived from visual guideline V-4.
In general, designers need to use contrasting textures to distinguish between the
foreground and the background in designing haptic displays. However, users’
sense of touch may vary when perceiving the haptic elements. For example, each
individual user may have different intensity to perceive roughness, some users
may perceive 100-grit sandpaper as medium rough texture, but some users may
perceive it as very coarse texture. Designers can use smooth texture as the
background and rough texture as the foreground elements. Designers also need to
ensure users feel comfortable to perceive the different textures after a long period
of time (ETSI EG 202 408, 2002).

H-5 Use textures to highlight elements to draw attention
H-5 is a new haptic guideline derived from visual guideline V-5.
An effective way to draw the attention of a user is to highlight elements when
they require attention (Brown, 1988). For example, designers can use rough
texture to highlight important elements.
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H-6 Use one texture to group background elements together
H-6 is a new haptic guideline derived from visual guideline V-6.
Texture can be used to group haptic elements in haptic displays. Designers should
only use one texture to group and separate background elements from other
foreground elements. Rough textures are more striking on the surface. It is
recommended that smooth textures to be used for the background and rough
textures for the foreground.
H-7 Use no more than four textures at one time
H-7 is a new haptic guideline derived from visual guideline V-7.
Designers need to take care when applying textures for haptic elements, as the use
of texture is an important method in presenting haptic displays. Users will get
confused if they perceive too many textures at one time as each texture represents
a meaning for them.

5.4.4 Haptic guidelines for user interfaces
H-8 Use texture to indicate the status
H-8 is a new haptic guideline derived from visual guideline V-8.
In designing haptic displays, designers can indicate status by changing the surface
texture, such as using different surface textures to represent different operations.
For example, there are two buttons with different surface textures as shown in
Figure 5-12. The rough texture represents the operable button and the smooth
texture represents the inoperable button which informs the users of when they are
able to print.

PRINT

PRINT

Operable button

Inoperable button

Figure 5-12: An example of operable and inoperable haptic button.
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H-9 Enable users to customise textures for the foreground and background
H-9 is a new haptic guideline derived from visual guideline V-9.
In designing user interfaces, a designer should allow a user to change the
presentation of the elements without modifying the element’s function in order to
increase the usability (ISO/TS 16071, 2003; Carter & Fourney, 2004). By doing
so, users can change the texture for the background and foreground elements to
meet their requirements. For example, users can change the preferred texture for
the health insurance premium (foreground) between hospital cover and extras
cover.
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5.5 Continuation group
5.5.1 Visual guidelines for information visualisation
V-10 People tend to see a continuous line even if some parts of the line are
covered
V-10 is a visual guideline to match haptic guideline H-10.
Studies shows that people tend to group visual objects if there is a continuous line
between the visual objects even through some parts of the object may be hidden
(Wertheimer, 1923). The property of the visual objects such as colour enhances
grouping because the individual objects follow a continuous line which can be
perceived as one group. Therefore designers can use colour hue to connect
structures in the visual displays. For example, Figure 5-13 shows a line chart of
internet usage for the users NXYZ, SHUN and WHOC. Three different coloured
dots (blue, red and yellow) are used to represent internet usage for different users.
For example, if people want to know the internet usage for the user SHUN, they
will follow the red dots as a continuous line even though some of the dots are
covered by other blue and yellow dots.

Internet Usage
300

Usage (MB)

250
200

NXYZ
SHUN

150

WHOC

100
50
0
0

1

2

3

4

5

6

7

8

Period (1am - 8am)

Figure 5-13: An example of using different colour to represent the internet usage
information. People can follow the colour as a continuous line even some part of
the dots is covered by other colours dots.
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5.5.2 Visual guidelines for user interfaces
V-11 Identify each visual displays
An application with multiple displays should provide reference information for
each display in the same location, such as a page numbers, headings and/or titles
(Galitz, 1993). Galitz (1993) suggests reference information should be located in
a position away from the centre of the display such as the upper right corner. It is
important to provide page numbers or markers whilst a user is scrolling the page
or switching between pages. Use of page numbers or markers to group relevant
contents together can help prevent a user from being interrupted whilst
performing a specified activity (Karkkainen & Laarni, 2002). The identified
display helps users to group the related displays together and users can follow a
continuous line which can be perceived as one group.

V-12 Lists of objects must be ordered in visual displays
The list of objects must be ordered in a sequential manner because it forms a
continuous line to group the objects together. There are many ways list objects.
Designers can use alphabetical order or integer numbers to group long or short
objects. Normally the long list contains eight or more objects, and the short list
contains seven or less objects. For long menu selection objects, if all the listed
objects are place in one line, the cluttered presentation may confuse users.
Therefore, it is important to start a new line for each listed object (Brown, 1988;
Engel & Granda, 1975). Designers can also use frequency of usage or importance
of choices to group the list of objects.

5.5.3 Haptic guidelines for information haptisation
H-10 People tend to feel a continuous line even if some parts of the line are
covered
This guideline is developed from Section 4.3.5.
People perceive continuous haptic objects and visual continuous objects in the
same way. Studies indicate people tend to group haptic objects if there is a
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continuous line between the haptic objects notwithstanding some part of the
object may be hidden (Scholtz, 1957; Jervis, 2005; Chang et al., 2007b). A haptic
property such as surface texture enhances grouping because the individual haptic
elements follow a continuous line which can be perceived as one group. So it is
continuity of texture through interruptions in texture along a line. Therefore
designers can use texture to connect structures in haptic displays. For example, in
a haptic metro map (Figure 5-14) users can find the train route from Melbourne to
Sydney as a continuous train line if the same texture has been used despite there
being three transit stations.

Melbourne

Sydney

Transit station

Figure 5-14: Users perceive a continuous train line from Melbourne to Sydney.

5.5.4 Haptic guidelines for user interfaces
H-11 Identify each haptic displays
H-11 is a new haptic guideline derived from visual guideline V-11.
Designers need to identify each haptic display. It helps users to group the related
displays together and users can follow an invisible continuous line which can be
perceived as one group. We propose that the identifying information (display title
or display number) should be placed in the same position for the relevant haptic
displays.
H-12 Lists of objects must be ordered in haptic displays
H-12 is a new haptic guideline derived from visual guideline V-12.
The list of objects must be ordered because it forms an invisible line to group the
haptic objects together. Designers can use frequency or importance of usage to
group the list of objects.
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5.6 Closure group
5.6.1 Visual guidelines for information visualisation
V-13 People tend to close the gaps between the individual visual elements and
form elements into one group.
V-13 is a visual guideline to match haptic guideline H-13.
Designers need to take care in using the gaps between visual elements because
people tend to fill in the missing part in order to complete a familiar form. For
example, in Figure 5-15, most people would ignore the gap between the elements
and form a square and a triangle.

Figure 5-15: Most people would ignore the gap between the elements and form a
square and a triangle.

V-14 Use simple visual elements for visual displays
V-14 is a visual guideline to match haptic guideline H-14.
Designers need to take care to use simple elements for visual displays, in the
sense that the number of gaps should be small. Complex elements may contain
very small or irregular gaps, and users may be unable to fill in the gaps between
the elements. Users will perceive the wrong pattern if there are too many complex
visual elements in the displays.
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5.6.2 Visual guidelines for user interfaces
V-15 Use lines, boxes or borders to group objects
Lines, boxes or borders are powerful tools to group related objects and create
strong boundary grouping effects. Users expect that objects inside a boundary
belong together because the lines group the related items (Galitz, 1993; Lauesen,
2005). For example, Figure 5-16 illustrates the closure grouping effect of the two
black lines which group the elements into three groups: (1) the printer selection at
the top of the screen; (2) the printing options in the middle of the screen; and (3)
the command button at the bottom of the screen. Galitz (1993) suggests designers
should use simple medium-size lines and use no more than three types of line in a
single display. Designers also need to avoid using too many lines or boxes in a
single display which may clutter the presentation and be a distraction (Brown,
1988).

Figure 5-16: Two black lines grouped the elements into three groups.
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V-16 Provide feedback for visual displays
It is important to provide feedback messages for users without unnecessarily
interrupting their interaction with the system (Galitz, 1993). The feedbacks can
help users to close the gaps between the visual displays while they have problems.
Users expect to receive relevant feedback and messages in response to their
actions (Shneiderman & Plaisant, 2005). For example, the system should
acknowledge when a user saves a document. The feedback may also include an
error message. For example, if the incorrect data was input for a postcode, an
error message should appear such as ‘Postcode should only have 4 digits’. The
feedback should help users decide and aid them to close the gaps through the
system.

5.6.3 Haptic guidelines for information haptisation
H-13 People tend to close the gaps between the individual haptic elements and
form elements into one group
This guideline is developed from Section 4.4 (Table 4-12b).
People tend to ignore the gaps between the haptic elements and fill in the missing
part in order to complete the form. In Figure 5-17, most people will tend to close
the gaps between the haptic elements and perceive a square.

Figure 5-17: People tend to close the gaps and perceive a square.

H-14 Use simple haptic elements for haptic displays
This guideline is developed from Section 4.4 (Table 4-12b).
Designers need to take care to use simple haptic elements for the haptic displays,
that is, to minimize the number of gaps. Complex haptic objects may contain very
small or irregular gaps, and people may be unable to fill in the gaps between the
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elements; for example see Figure 5-18a. In contrast, people can perceive the
haptic displays in Figure 5-18b, because there are not many gaps between the
haptic elements.

Figure 5-18a: People may be unable to group the haptic elements if there are too
many gaps in the displays.

Figure 5-18b: People will close the gaps between the simple haptic elements.

5.6.4 Haptic guidelines for user interfaces
H-15 Use lines, boxes or borders to group elements
H-15 is a new haptic guideline derived from visual guideline V-15.
Designers can use haptic elements such as lines, boxes or borders to group related
elements because it can create strong closure grouping effects. Users expect that
haptic elements inside a boundary belong together because the lines block the
related haptic elements together. Designers also need to avoid using too many
lines or boxes in a single display which may clutter the haptic display and be a
distraction.
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H-16 Provide feedback for haptic displays
H-16 is a new haptic guideline derived from visual guideline V-16.
The haptic feedbacks help users to closure the gaps in haptic displays. Although
visual properties such as shape and size can also be felt haptically, touch can also
provide information that is not visible (Nesbitt, 2003). For example, there is a
difference in haptic feedback from a steering wheel when driving a car at different
speeds. The feedback from the steering wheel allows us to control the car and
gives the driver the opportunity to correct the direction or speed if necessary.

Chapter 5 Gestalt-Taxonomy for design guidelines

167

5.7 Similarity group
5.7.1 Visual guidelines for information visualisation
V-17 Use the same hue to group related elements
Designers should use the same colour hue to display related elements because
they group by similarity (Brown, 1988; Galitz, 1993; Shneiderman & Plaisant,
2005). For example, red could be used to group elements with high temperatures,
whilst a categorically different hue such as blue could be used to group cold
elements. Studies show searching time can be reduced if the same categorical
hues are used to represent the same category of elements in visual displays
(Brown, 1988; Maguire, 1999; Nesbitt, 2003).
V-18 Use noticeable hue to represent the colour for visual elements
Designers need to use noticeable hue in visual displays. Maguire (1999) suggests
the use of black or white for permanent elements in presenting of long texts. For
example, the background of the data entry slots can be displayed in white so
people can perceived the text against a white background. Designers also need to
consider the colour used in visual displays, in particular red and green, as 8 per
cent of males and 0.05 per cent of females are colour-blind and have difficulty in
distinguishing red from green (Damodaran et al., 1980; ETSI EG202 048, 2002).
V-19 Define the meaning for each colour
Only one meaning should be assigned to each colour hue in a visual display. For
example, if green represents ‘normal’, it should not be assigned to a warning
message. Designers also need to apply common knowledge in assigning suitable
colours. For example, red often represents danger or errors (Brown, 1988; Durrett
& Trezona, 1982). Table 5-1 summarises the studies from Brown (1988), Galitz
(1993) and IEC TR 61997 (2001) which provide general recommendations on the
application of different colours.
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Colour

Meaning

White/Black

Background displays, foreground displays, text

Red

Error, danger, emergency, alarms, stop

Green

Normal, safe, go, ok

Yellow

Warning, caution, attention

Blue

Cold, water, low

Table 5-1: A general recommendation to use colours (Brown, 1988; Galitz, 1993;
IEC TR 61997, 2001).

V-20 Use largely different colours hues to display different groups
People perceived colour hue differently (Goldstein, 1999). Some people cannot
perceive differences in colours in small visual objects (Christ, 1975). Therefore, it
is more appropriate to use more contrasting colours to distinguish between
different areas of visual displays.

5.7.2 Visual guidelines for user interfaces
V-21 Use standard visual appearance within icon sets
In screen design, a designer should use the same graphical style for items in the
same icon set (Shneiderman & Plaisant, 2005). This is because users will
naturally group similar icons together. For example, elements with the same
colour and size will be grouped together within the same icon group as illustrated
in Figure 5-19 (Palmer, Brooks & Nelson, 2003).

X

X

X

X

X

X

X

X

Figure 5-19: Two distinct groups of icons are shown. Similar colour icons
form a group.
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V-22 Use the consistent spatial structure to present related visual elements
Designers should use the same display layouts to present related elements on
different screens (Brown, 1988; Galitz, 1993). As shown in Figure 5-20, users will
be confused if the related elements are presented in different places between
displays.
Product information

1

XXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXX XXXXXXXXXX

Product information

XXXXXXXXXX

XXXXXXXXXXXXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXXXXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXXXXXXXXXXXX

XXXXXXXXXX

XXXXXXXXXXXXXXXXXXXX

2

Figure 5-20: Using different layout to present the related elements will confuse
users.

V-23 Label necessary visual elements clearly
All the elements in visual displays (e.g. icon, dialog box) must have a meaningful
name (ISO/TS 16071, 2003). Designers need to label necessary elements with
captions or highlight the label to clearly distinguish between the label and other
elements. For example, this may involve providing labels for axes, points and
lines on a chart (Maguire, 1985). Users tend to group related elements together
and group the label and element as one group (Brown, 1988). People may not
understand the meaning for each icon in Figure 5-21a. The counter example, as
illustrated in Figure 5-21b, shows a labelled icon which allow users to understand
the use of each icon by reference to its label.
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Figure 5-21a: People may not understand the icon without the label.

Figure 5-21b: People can understand the meaning for each icon with the label.

5.7.3 Haptic guidelines for information haptisation
H-17 Use the same texture to group related elements
This haptic guideline is developed from Section 4.5 (Table 4-16b).
Designers should use the same surface texture for haptic grouping of elements.
When people perceive the same surface texture of the elements, they tend to
group them as one group (Chang et al., 2007a). For the haptic displays, people
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tend to identify the same surface texture as the same group. For example, in
Figure 5-22, people will perceive the same roughness surface texture as the same
line.

Figure 5-22: People may perceive two interleaved lines, due to haptic grouping by
texture, and haptic continuation.

H-18 Use noticeable grit grade to represent the texture for haptic elements
This haptic guideline is developed from Section 4.5 (Table 4-16b).
Users group objects with the same surface texture together in haptic displays
(Chang et al., 2007a). Users cannot generally identify the difference between
surface textures if the grit grade difference is not great enough. In this study we
propose a minimum grit difference of 20 to distinguish different groupings
(Section 4.5.5).
Designers need to find the appropriate grit grade for haptic displays because every
haptic object has a different surface texture (Hale & Stanney, 2004; Loomis et al.,
1991). Also, different skin locations have different sensitivities, for example,
different sensations may be felt when the palms, as opposed to the fingers, come
into contact with the haptic objects. (Hale & Stanney, 2004). Thus, designers need
to consider the grit grade for haptic objects and the user’s sensory ability when
designing multi-sensory displays. By contrast, a vision impaired person may have
been trained and/or are experienced at using the haptic sense to perceive the
objects and in turn may be able to distinguish the haptic objects between with
small grit grades.
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H-19 Define the meaning for each texture
H-19 is a new haptic guideline derived from visual guideline V-19.
Most users are not familiar with haptic displays and are unable to interpret the
meaning of each haptic object. This is especially so for people who have lost their
sight suddenly and are only able to use the sense of touch to perceive haptic
displays. Designers must define the meaning for different surface texture for the
haptic objects to avoid any confusion or misunderstandings.

H-20 Use largely different textures to display different groups
H-20 is a new haptic guideline derived from visual guideline V-20.
Every user has different perception abilities in relation to the haptic sense and
different skin locations have different sensitivities in perceiving the texture (Hale
& Stanney, 2004). Some users cannot perceive differences in surface textures in
small haptic objects. Therefore, it is appropriate to use more contrasting surface
textures to display different areas in a haptic display (Nesbitt, 2003).

5.7.4 Haptic guidelines for user interfaces
H-21 Use standard haptic appearance within icon sets
H-21 is a new haptic guideline derived from visual guideline V-21.
In visual screen design, the same graphical style should be used for the same icon
set (Shneiderman & Plaisant, 2005). Designers also need to use the same design
rules in haptic displays. This is because users will naturally group similar icons
together. For example, elements with the same surface texture and size will group
together as shown in Figure 5-23.

Figure 5-23: Two distinct groups of icons group by similarity in texture and size.
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H-22 Use the consistent spatial structure to present related haptic elements
H-22 is a new haptic guideline derived from visual guideline V-22.
In visual screen design, designers need to use the same display layouts to present
related elements on different screens (Brown, 1988; Galitz, 1993). This is the
same when designing haptic screen. As shown in Figure 5-24, users will be
confused if the related elements are presented in different formats between haptic
displays.

++++++++++++++++

…………….
…………….
…………….
…………….

1

………………………….
………………………….
………………………….
………………………….

++++++++++++++

2

……………….
……………….
…………………
………… …………
……………….
…………
………… ……………….

Figure 5-24: Designers need to use the same format to designs to design the
haptic interface.

H-23 Label necessary haptic elements clearly
H-23 is a new haptic guideline derived from visual guideline V-23.
All the elements in the haptic displays (e.g. icons) must have a meaningful label.
Designers need to label necessary elements in order to clearly distinguish between
the label and other elements. In Figure 5-25, each element has a meaningful label
which ensures people are aware of the direction for toilet facilities.
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Figure 5-25: Each haptic element is labelled in the toilet map.
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5.8 Proximity group
5.8.1 Visual guidelines for information visualisation
V-24 Spatial proximity causes visual grouping
V-24 is a visual guideline to match haptic guideline H-24.
Designers need to take care when arranging objects in space to place related
objects together. For example, related objects should be placed next to each other
as people tend to group closed objects together based on their location to each
other (Fisher & Smith-Gratto, 1998-1999). Brown (1988) suggests designers can
use a blank line to group different related objects. For example, Figure 5-26
illustrates the strong grouping effect of the blank spaces which group the objects
into three groups.

Figure 5-26: Grouping of different shapes by visual proximity.

V-25 Use spatial distance to group related visual objects
V-25 is a visual guideline to match haptic guideline H-25.
It is important to organise the space presentation of any visual display, especially
for mobile devices due to the limitations of space given the small screen. People
will perceive information easily if the obvious spaces have been provided because
the closed objects tend to be grouped together (Chang et al., 2007a). Users will
not recognise the two different objects if there is not enough space between the
haptic objects. Designers need to provide space between visual objects. For
example, in Figure 5-27a, three objects group together because the space is equal
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between the objects. There are three groups in Figure 5-27b, because the objects
have unequal spaces between them.

A

B

C

Figure 5-27a: The objects A, B and C form as a group because the space
between is the same.

A
C
B
Figure 5-27b: Three objects form three groups because the space between is
different.

In Figure 5-27c, objects B and C forms one group and object A forms another
group. Objects B and C group together because they are located closely and the
space between object A and object B is larger than the space between object B and
object C.

A

B

C

Figure 5-27c: The objects B and C group by proximity, and the object A forms
another individual group.
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5.8.2 Visual guidelines for user interfaces
V-26 Locate visual icons close to the label
Locate the icons close to the label or description (Brown, 1988). For example,
Figure 5-28a shows that each icon is labelled. The space creates an invisible line
which groups icons and labels together, leading the user to directly link each icon
to its description. The contrast, Figure 5-28b shows the difficulty to group the
related labels with icons, because the objects are misplaced.

Figure 5-28a: A clear safety mobile phone instruction that each icon provides with
description.
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Figure 5-28b: A cluttered safety instruction that objects are misplaced.

5.8.3 Haptic guidelines for information haptisation
H-24 Spatial proximity causes haptic grouping
This guideline is developed from Section 4.2 (Table 4-5).
It is important to place related haptic elements next to each other. People will
group the elements together when they perceive their proximity, as Figure 5-29
illustrates.

Figure 5-29: Close haptic elements form a group.
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H-25 Use spatial distance to group related haptic objects
This guideline is developed from Section 4.2 (Table 4-5).

Users group close objects into the same group. The gap can help the haptic sense
to group haptic objects together (Chang et al., 2007a). Users will not recognise
different objects if there is not enough space between the haptic objects.
Designers need to provide appropriate space between haptic objects. For example,
in Figure 5-30a, three objects are grouped together because the gap is equal
between the objects. There are three groups in Figure 5-30b, because the gap
between the objects is unequal. In Figure 5-30c, there are two groups, objects A
and B form a group and object C forms another group. Objects A and B group
together because they are located closely as the gap between object B and C is
larger than the gap between object A and object B.

A

B

C

Figure 5-30a: The objects A, B and C merge as a group because the distance
between three objects is the same.

A

C

B

Figure 5-30b: Three objects form three groups because the distance between
objects is different.
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A

B

C

Figure 5-30c: The objects A and B group by proximity, and the object C forms
another individual group.

5.8.4 Haptic guidelines for user interfaces
H-26 Locate haptic icons close to the label
H-26 is a new haptic guideline derived from visual guideline V-26.
Designers need to place icons close to the label or description because people tend
to group the label and element as one group (Brown, 1988). For example, Figure
5-31a shows each icon is labelled. The space creates an invisible line which
groups the icon and the label together, leading people to directly link each icon to
its description. In contrast, as in Figure 5-31b shows people will have difficulty in
grouping related labels with icons because the objects are misplaced.

Figure 5-31a: A clear safety instruction that each icon provides with description.
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Figure 5-31b: A cluttered safety instruction that objects are misplaced.
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5.9 Conclusion and future research
This chapter has introduced the Gestalt-Taxonomy for multi-sensory displays. The
Gestalt-Taxonomy structures the existing and new guidelines to assist designers to
design better multi-sensory displays. The Gestalt-Taxonomy categorises visual
and haptic design guidelines by five common Gestalt principles of figure-ground,
continuation, closure, similarity and proximity. There are nineteen new haptic
guidelines developed from the Gestalt-Taxonomy.
The general design guidelines for visual and haptic displays are presented in Table
5-2. The guidelines for grouping by figure-ground are presented in Table 5-3. The
guidelines for grouping by continuation are presented in Table 5-4. The guidelines
for grouping by closure are presented in Table 5-5. The design guidelines for
grouping by similarity are presented in Table 5-6. Finally the visual and haptic
design guidelines for grouping by proximity are presented in Table 5-7.
Future research may include other Gestalt principles such as the principle of
symmetry. The taxonomy developed in this chapter has so far been applied to
structure the visual and haptic displays that are static and location focused; future
research may also consider auditory displays which are more temporal. In turn
other temporally related Gestalt principles, such as the principle of belongingness,
may also be included. Future research may also consider design guidelines for
dynamic temporal haptic displays.
Further, future research may also consider design guidelines for multimodal
displays, for example, addressing the questions of how to avoid the multimodal or
cross-modal attention switch and how to avoid the multimodal side effects given
vibration may distract users.
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General guidelines for visual and haptic displays
Visual sense

Haptic sense

G1 There is no gender difference in perceptual groupings
G2 Proximity dominates similarity in complex layouts
G3 Do not use both proximity and similarity to group complex displays

Table 5-2: General guidelines for visual and haptic displays.

Figure-ground group
Visual sense

Haptic sense

Information visualisation

Information haptisation

V-1 People tend to recognise familiar

H-1 People tend to recognise familiar

visual objects as figures

haptic objects as figures

V-2 People tend to recognise symmetrical

H-2 People tend to recognise symmetrical

visual objects as figures

haptic objects as figures

V-3 People tend to recognise smaller

H-3 People tend to recognise smaller

visual areas as figures

haptic areas as figures

V-4 Use contrasting colours between

H-4 Use contrasting textures between

foreground and background

foreground and background

V-5 Use colours to highlight elements to

H-5 Use textures to highlight elements to

draw attention

draw attention

V-6 Use a colour to group background

H-6 Use one texture to group background

elements together

elements together

V-7 Use no more than four colours at one

H-7 Use no more than four textures at one

time

time
User interfaces

User interfaces

V-8 Use colours to indicate the status

H-8 Use texture to indicate the status

V-9 Enable users to customise colours for

H-9 Enable users to customise textures

the foreground and background

for the foreground and background

Table 5-3: Visual and haptic guidelines for grouping by figure-ground.
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Continuation group
Visual sense

Haptic sense

Information visualisation

Information haptisation

V-10 People tend to see a continuous line

H-10 People tend to feel a continuous line

even if some parts of the line are covered

even if some parts of the line are covered

User interface

User interface

V-11 Identify each visual screen

H-11 Identify each haptic screen

V-12 Lists of choices must be ordered in

H-12 Lists of choices must be ordered in

visual displays

haptic displays

Table 5-4: Visual and haptic guidelines for grouping by continuation.

Closure group
Visual sense

Haptic sense

Information visualisation

Information haptisation

V-13 People tend to close the gaps

H-13 People tend to close the gaps

between the individual visual elements

between the individual haptic elements

and form elements into one group

and form elements into one group

V-14 Use simple visual objects for visual

H-14 Use simple haptic objects for haptic

displays

displays
User interfaces

User interfaces

V-15 Use lines, boxes or borders to group

H-15 Use lines, boxes or borders to group

elements

elements

V-16 Provide feedback for visual displays

H-16 Provide feedback for haptic displays

Table 5-5: Visual and haptic guidelines for grouping by closure.
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Similarity group
Visual sense

Haptic sense

Information visualisation

Information haptisation

V-17 Use the same hue to group related

H-17 Use the same texture to group

elements

related elements

V-18 Use noticeable hue to represent the

H-18

colour for visual elements

represent the texture for haptic elements

V-19 Define the meaning for each colour

H-19 Define the meaning for each texture

V-20 Use largely different colours hues to

H-20 Use largely different textures to

display different groups

display different groups

Use

noticeable

grit

grade

to

User interfaces

User interfaces

V-21 Use standard visual appearance

H-21 Use standard haptic appearance

within icon sets

within icon sets

V-22 Use the consistent spatial structure

H-22 Use the consistent spatial structure

to present related visual elements

to present related haptic elements

V-23 Label necessary visual elements

H-23 Label necessary haptic elements

clearly

clearly

Table 5-6: Visual and haptic guidelines for grouping by similarity.

Proximity group
Visual sense

Haptic sense

Information visualisation

Information haptisation

V-24 Spatial proximity causes visual

H-24 Spatial proximity causes haptic

grouping

grouping

V-25 Use spatial distance to group related

H-25 Provide appropriate space between

visual objects

haptic objects
User interfaces

User interfaces

V-26 Locate visual icons close to the label

H-26 Locate haptic icons close to the label

Table 5-7: Visual and haptic guidelines for grouping by proximity.

CHAPTER
6

Conclusion and future
research

The motivation of this thesis was to assist designers to build better multi-sensory
displays. This chapter summarises the work and provides suggestions for future
research. In particular, this thesis has:
Identified five commonly used Gestalt principles (Section 6.1)
Concluded that Gestalt principles of figure-ground, continuation, closure,
similarity and proximity can be applied in the same way to both visual and
haptic groupings of elements (Section 6.2)
developed three new general design guidelines based on the experiments of
similarity and proximity (Section 6.2)
developed the Gestalt-Taxonomy (Section 6.3)
developed eight new visual and sixteen new haptic guidelines based on
the Gestalt-Taxonomy (Section 6.3)
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Concluded that Gestalt principles of figure-ground, continuation, closure,
similarity and proximity can be applied in haptic grouping (Section 6.2)
developed three new haptic design guidelines based on the principle of
figure-ground (Section 6.2)
developed one new haptic design guideline based on the principle of
continuation (Section 6.2)
developed two new haptic design guidelines based on the principle of closure
(Section 6.2)
developed two new haptic design guidelines based on the principle of
similarity (Section 6.2)
developed two new haptic design guidelines based on the principle of
proximity (Section 6.2)
Detailed conclusions and suggestions for future research are considered at the end for
each chapter of this thesis. However, a brief summary of these conclusions, problems
and future research is provided in the following sections.

6.1 Commonly used Gestalt principles
This thesis has identified the commonly used Gestalt principles of figure-ground,
continuation, closure, similarity and proximity from the existing literature (Table 6-1).
These are applicable to the visual, auditory and haptic senses as considered in Chapter
3.
Prior to this thesis, there has been no categorisation of literature regarding Gestalt
principles into different sensory modes. A total of 103 works were examined and a
summary made of the number of times each principle was applied to each sense (Table
6-1). The same work may have applied different principles. The surveys found only
two works related to the haptic domain and that most of the works focus on the visual
sense. The results from the literature survey indicated that the principles of
figure-ground, continuation, closure, similarity and proximity are most commonly
used.
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Gestalt
principles

Number of times
Definition

the Gestalt principle is used
Total

Visual

People tend to group objects
into groups depending on the
foreground (the figure) and
the background (the ground).

51

47

3

1

Similarity

Elements will tend to be
grouped together if their
attributes are perceived as
related.

50

38

10

3

Proximity

Elements close to each other
will be grouped together.

39

34

4

2

Continuation

People tend to perceive a
smooth and continuous
connection between points,
rather than lines with sudden
or irregular changes in
direction.

38

29

6

4

To complete unfinished
forms, people will ignore
gaps and fill in the missing
parts with a familiar
perceived pattern.

34

27

4

2

Figure-ground

Closure

Auditory Haptic

Table 6-1: Definition for the commonly used Gestalt principles of figure-ground,
similarity, proximity, continuation and closure.
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6.2 Gestalt principles in haptic grouping
Early studies showed that Gestalt principles are applicable in visual grouping. Little
work, however, has been undertaken in regard to the haptic domain. Studies have also
shown that there is a close relationship between vision and haptic perception (Katz,
1925; Mountcastle, 1957; Beksey, 1960; Blank and Bridger, 1964; Milner and Bryant,
1970; Rozvany & Day, 1980; Loomis and Lederman, 1986; Day, 1990; Loomis,
Kiatzky and Lederman, 1991; Goldstein, 1999; Nesbitt, 2003; Roberts & Franklin,
2005; Sathian, 2005; Newell et al., 2005).
This thesis conducted four experiments (Chapter 4): figure-ground in haptic grouping;
continuation in haptic grouping; closure in haptic grouping and similarity and
proximity in haptic grouping. The results from the four experiments indicate that
humans use the same method to group perceived elements using both the haptic and
visual senses (Table 6-2). These experiments also provided additional evidence that the
Gestalt principles of figure-ground, continuation, closure, similarity and proximity are
also applicable to designing haptic displays (Chapter 4).
Moreover, three new haptic guidelines were developed from the experiment of
figure-ground; one new haptic guideline was developed from the experiment of
continuation; two new haptic guidelines were developed from the experiment of
closure and four new haptic guidelines were developed from the experiments of
similarity and proximity. Three general guidelines for both visual and haptic displays
are also developed from the experiment of similarity and proximity. A total of 13 new
haptic guidelines are presented in Table 6-3.
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Gestalt
principles

Layouts

Perceived layouts
visual sense

haptic sense

Figure-ground
People tend to perceive
the cross as the figure
element (foreground).

People tend to perceive
the cross as the figure
element (foreground).

People tend to perceive
two groups of elements
distinguished by different
colours.

People tend to perceive
two groups of elements
distinguished by different
textures.

People tend to perceive
two groups of elements
distinguished by visual
proximity.

People tend to perceive
two groups of elements
distinguished by haptic
proximity.

People tend to perceive
two smooth lines because
of the continuous
connection between the
points.

People tend to perceive
two smooth lines because
of the continuous
connection between the
points.

People tend to close the
gap to form a rectangle.

People tend to close the
gap to form a rectangle.

Similarity

Proximity

Continuation

Closure

Table 6-2: Humans group visual and haptic elements in the same way.
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Experiments

Haptic guidelines

Sections

People tend to recognise familiar haptic objects as
figures.
1. Figure-ground

People tend to recognise symmetrical haptic objects
as figures.

4.2

People tend to recognise smaller haptic areas as
figures.
2. Continuation

People tend to feel a continuous line even if some
parts of the line are covered.

4.3

People tend to close the gaps between the individual
3. Closure

haptic elements and form elements into one group.

4.4

Use simple haptic objects for haptic displays.
Use the same texture to represent related elements.
4. Similarity
and proximity

Spatial proximity causes haptic grouping.
Use noticeable grit grade to represent the texture for

4.5

haptic elements.
Use spatial distance to group related haptic objects

Experiments

General guidelines

Sections

There is no gender difference in perceptual
4. Similarity
and proximity

groupings.
Proximity dominates similarity in complex layouts

4.5

Do not use both proximity and similarity to group
complex displays.

Table 6-3: The 13 new design guidelines developed from the experiments of similarity,
proximity, figure-ground, continuation and closure.
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6.3 Gestalt-Taxonomy
This thesis concludes that the Gestalt principles of figure-ground, continuation, closure,
similarity and proximity can be applied by combining the visual and haptic sensory
modes to create a taxonomy. The taxonomy, referred to as the Gestalt-Taxonomy can
be used to structure and develop visual and haptic design guidelines.
The Gestalt-Taxonomy is structured into four levels (Table 6-4). The first level
contains six high-level groups: general, figure-ground, continuation, closure, similarity
and proximity. The second level contains two sensory modes: visual and haptic. The
third level contains different applications: information visualisation, information
haptisation and user interfaces. The low-level design guidelines are grouped by
application. The hierarchical Gestalt-Taxonomy in this thesis meets the general
definition and aims towards the more strict definition in spirit.
This thesis applies the Gestalt-Taxonomy to organise visual and haptic design
guidelines and categorise them under different Gestalt principles. The
Gestalt-Taxonomy has been used to develop nineteen new haptic design guidelines. A
summary of the visual and haptic design guidelines categorised by the
Gestalt-Taxonomy is presented in Table 6-4.

Level 1

Level 2

High-level

Sensory

grouping

modes

Level 3
Applications
information

visual

visualisation

General

user interfaces

group

information
haptic

haptisation
user interfaces

Level 4
Low-level design guidelines
G1 There is no gender difference in
perceptual groupings
G2 Proximity dominates
complex layouts

similarity

in

G3 Do not use both proximity and similarity
to group complex displays
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V-1 People tend to recognise familiar visual
objects as figures
V-2 People tend to recognise symmetrical visual
objects as figures
V-3 People tend to recognise smaller visual areas
as figures
information
visualisation
visual

V-4 Use contrasting colours between foreground
and background
V-5 Use colours to highlight elements to draw
attention
V-6 Use a colour to group background elements
together
V-7 Use no more than four colours at one time
V-8 Use colours to indicate the status

user interfaces

Figure-ground
group

V-9 Enable users to customise colour for the
foreground and background
H-1 People tend to recognise familiar haptic
objects as figures
H-2 People tend to recognise symmetrical haptic
objects as figures
H-3 People tend to recognise smaller haptic
areas as figures

information
haptisation
haptic

H-4 Use contrasting textures between foreground
and background*
H-5 Use textures to highlight elements to draw
attention*
H-6 Use one texture to group background
elements together*
H-7 Use no more than four textures at one time*
H-8 Use texture to indicate the status*

user interfaces

H-9 Enable users to customise textures for the
foreground and background*
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information
visualisation
visual

V-11 Identify each visual screen
user interfaces

V-12 Lists of choices must be ordered in visual
displays

information

H-10 People tend to feel a continuous line even if
some parts of the line are covered*

Continuation
group

V-10 People tend to see a continuous line even if
some parts of the line are covered

haptisation
haptic

H-11 Identify each haptic screen*
user interfaces

information

H-12 Lists of choices must be ordered in haptic
displays*

V-13 People tend to close the gaps between the
individual visual elements and form elements into
one group

visualisation
V-14 Use simple visual objects for visual displays

visual

user interfaces

V-15 Use lines, boxes or borders to group
elements
V-16 Provide feedback for visual displays

Closure
group
information

H-13 People tend to close the gaps between the
individual haptic elements and form elements into
one group

haptisation
H-14 Use simple haptic objects for haptic displays
haptic

user interfaces

H-15 Use lines, boxes or borders to group
elements*
H-16 Provide feedback for haptic displays*
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V-17 Use the same hue to group related elements
information

V-18 Use noticeable hue to represent the colour
for visual elements

visualisation

V-19 Define the meaning for each colour
V-20 Use largely different colours hues to display
different groups

visual

user interfaces

V-21 Use standard visual appearance within icon
sets
V-22 Use the consistent spatial structure to
present related visual elements
V-23 Label necessary visual elements clearly

Similarity
H-17 Use the same texture to group related
elements

group
information
haptisation

H-18 Use noticeable grit grade to represent the
texture for haptic elements
H-19 Define the meaning for each texture*
H-20 Use largely different textures to display
different groups*

haptic

H-21 Use standard haptic appearance within icon
sets*
user interfaces

H-22 Use the consistent spatial structure to
present related haptic elements*
H-23 Label necessary haptic elements clearly*
V-24 Spatial proximity causes visual grouping

visual

information
visualisation

user interfaces

Proximity
group

V-25 Use spatial distance to group related visual
objects
V-26 Locate visual icons close to the label
H-24 Spatial proximity causes haptic grouping*

information
haptisation
haptic
user interfaces

H-25 Use spatial distance to group related haptic
objects*
H-26 Locate haptic icons close to the label*

Table 6-4: The Gestalt-Taxonomy is structured into four levels: high-level groups,
sensory modes, applications and design guidelines.
guidelines developed from the Gestalt-Taxonomy.

＊ indicates the new haptic
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6.4 Problems and future work
This thesis has applied the Gestalt principles to develop and categorise design
guidelines for multi-sensory displays. The commonly used Gestalt principles of
figure-ground, continuation, closure, similarity and proximity have been examined and
found to be applicable for both the visual and haptic sense. Associated design
guidelines for information displays have been developed as a result of the experiments
undertaken. The Gestalt-Taxonomy has also been applied to group existing guidelines
and create new visual and haptic guidelines for different applications such as
information visualisation, information haptisation and user interfaces.
However, there remain problems and scope that need to be addressed in future research,
in particular:
The experiments in this thesis only used subjects of a certain age group, that of 20
to 50 year olds. Future experiments should examine infants and other age groups
to determine whether they are also using the same grouping method for visual and
haptic elements. All subjects undertaking the experiments in this thesis had
normal or correct-to-normal vision. The vision-impaired person might have been
trained and/or are experienced at using the haptic sense to perceive the elements.
Therefore, future experiments can use the vision-impaired person to conduct the
haptic grouping.
Also, the individual differences and cultural differences could be considered in
future research into haptic perception of patterns and the use of haptic to convey
information.
Future research can investigate the response time differences between genders. It
is important to know the response time when users are using the multi-sensory
application. For example, the male nurses might have a slow response when
interacting with the haptic displays of particular medical equipment.
The experimental layouts in this thesis are spatial visual or spatial haptic displays,
and they are presented statically. Future research can investigate if the commonly
used Gestalt principles are able to assist humans in grouping dynamic elements
into patterns.
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This thesis only studies the relationship between static spatial vision and haptic
grouping. Future research can examine whether humans group auditory and visual
elements, or auditory and haptic elements, in the same way. Also, can the
Gestalt-Taxonomy be applied to categorise and create design guidelines for
auditory displays? The current taxonomy developed in this thesis only structures
the visual and haptic displays that are more location focused; future research may
also consider auditory displays which are more temporally focused. In turn other
temporally related Gestalt principles may also be included as high-level principles,
such as the principle of common fate.
The commonly used Gestalt principles can be used to further study the results of
combining haptic grouping with visual grouping and to investigate whether
multi-sensory displays can increase performance. For example, does texture affect
users in identifying the elements’ size and shape?
Although many works studied the cross-modal perception (Davenport, 1976; Gray
and Tan, 2002; Streri and Gentaz, 2004; Gallace et al., 2006; Picard, 2007), the
Gestalt principles can be further investigated for cross-modal perception between
visual and haptic. For example, can any of the Gestalt principles be applied in the
grouping when half of the elements are presented in visual form and the other half
presented in haptic form?
This thesis develops the Gestalt-Taxonomy, but it should examine if it is valid to
assist designers in building better multi-sensory displays. Future research should
also examine each new design guideline that has been developed from this thesis.
For example, the Gestalt-Taxonomy and new guidelines can be applied to case
studies such as a haptic metro map for vision-impaired people. The outcome from
this thesis may also build a haptic display for the stock market. The haptic
displays for the stock market may help the visually impaired trade shares.
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6.5 Final conclusion
The aim of this thesis is to assist designers to build better multi-sensory displays,
especially haptic displays. I believe that this thesis makes a substantial contribution
and my research is unique:
A literature survey of the application of the Gestalt principles identifies the
Gestalt principles of figure-ground, continuation, closure and similarity and
proximity as the commonly used Gestalt principles.
New low-level haptic design guidelines and general visual and haptic
guidelines for information displays have been developed from a series of
experiments
The experiments in this thesis conclude that the Gestalt principles of
figure-ground, continuation, closure, similarity and proximity can be applied
to the haptic grouping of elements. It also finds that these Gestalt principles
can be applied in the same way to both the visual and haptic groupings of
elements.
This thesis proposes the Gestalt-Taxonomy to categorise design guidelines
for multi-sensory displays.
The Gestalt-Taxonomy has been used to categorise visual and haptic design
guidelines for information visualisation and information haptisation.
Examples of how the design guidelines apply in user interfaces are also
provided. A number of visual and haptic guidelines are also developed using
the Gestalt-Taxonomy.
This thesis aims to answer two questions. The first is: Can we use the Gestalt
principles as high-level categories to structure low-level design guidelines? We give an
affirmative answer from the literature survey and experiments, and provide
Gestalt-based structure for low-level design guidelines.
The second is: Can Gestalt principles provide design guidelines that apply to the haptic
grouping of elements? We give an affirmative answer from the design guidelines that
developed from the experiments and the Gestalt-Taxonomy.
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Appendix

Completed responses from
experiments

The completed answer sheet from each subject that used in the experiments of
figure-ground, continuation and closure are presented in the following sections 1,
2 and 3. The actual number of groups that 40 subjects perceived for each layout in
the experiment of similarity and proximity is presented in section 4.

1.

Responses from experiment of figure-ground

1.1 Visual grouping
In the visual grouping tasks, the subjects were asked to draw the shape of the
foreground they perceived on the answer sheet, and state the colour (black or
yellow) of the foreground in each layout.
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1.2 Haptic grouping
In the haptic grouping tasks, the subjects were asked to draw the shape of the
foreground they perceived on the answer sheet, and state the texture (smooth or
rough) of the foreground in each layout.
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236

Responses from experiment of continuation

In both visual and haptic tests, the subjects were asked to draw the shape of the
layout they perceived on the provided answer sheet.
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Responses from experiment of closure

In both visual and haptic tests, the subjects were asked to draw the shape of the
layout they perceived on the provided answer sheet.
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4.

Responses from experiment of similarity and

proximity

In the experiment of similarity and proximity, the subjects were asked to verbally
express the number of groups they perceived in each layout.
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