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Abstract. Identifying icon functions differs from naming pictures in that strong 
semantic links between pictures and their names have been formed over a long 
period of time whereas the meaning of icons has often to be learned.  This paper 
examines roles of icon characteristics such as complexity, concreteness, 
familiarity and aesthetic appeal in determining how easily icons can be learned 
and identified.  The role of these characteristics is seen as dynamic, changing as 
the user learns the icon set.  It is argued that the way in which users learn icon 
meanings is similar to the processes involved in language learning. Icon meanings 
are learned by drawing on rich multimodal representations which are the result of 
our world experience. This approach could lead to a better understanding of how 
multimodal information can be most usefully presented on interfaces. 

1   Emerging Themes in Icon Research 

Given that communication using icons is now commonplace, it is important to 
understand the processes involved in icon comprehension and the stimulus cues which 
individuals utilize to facilitate identification. Earlier research attempted to isolate 
individual key characteristics which were important in determining such as icon 
comprehension such as concreteness [1, 2, 3] and visual complexity [4, 5]  However, 
recent work has uncovered a more multifaceted and dynamic picture in which (a) other 
characteristics such as familiarity, semantic distance and user appeal are important  
[6, 7, 8] (b) icon characteristics are closely inter-related [e.g. 6, 9], and (c) where the 
importance of icon characteristics in determining identification changes as the icon set is 
learned [9].   At the root of effective iconic communication is the way in which the user 
constructs a relationship between the icon and the function it represents. This has 
received particular attention when auditory icons are used because, by their very nature, 
they are more ambiguous and creating an effective icon-referent mapping can be 
particularly difficult [10, 11, 12, 13]. 
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2   The Effects of Learning on Predictors of Usability 

One of the ways in which icons differ from pictures is that strong semantic links 
between pictures and their names have usually been forged over a long period 
whereas the intended meaning of an icon often has to be learned.  This means that the 
balance of characteristics which are important in determining usability, and the 
relationships between those characteristics, changes as users learn icon sets.  Changes 
in the role of each icon characteristic, and their relationship to other characteristics, as 
learning takes place is now considered. 

2.1   Concreteness 

Concrete icons which use depictions of real objects and people allow individuals to 
use their knowledge of the everyday world in order to access meaning (cf Fig. 1a and 
b with c and d) [ 2, 3, 14, 15, 16]. 

Stevens and Petocz [17] have shown that this holds true for auditory, as well as, 
visual icons.  ‘Natural auditory indicators’ such as the sound of a fire engine siren to 
indicate ‘engine fire’ or the sound of coughing to indicate ‘dangerous levels of carbon 
monoxide’ allowed participants to use their knowledge of what these sounds normally 
indicated in order to infer their meaning.  Inferring was much more difficult when 
auditory icons were simple bursts of sound which bore no obvious relationship to the 
meaning they were indicating.  Stevens and Petocz also found that the modality in 
which icons were presented was important.  Individuals responded more accurately 
and effectively to concrete icons when they were visual than when they were 
auditory.  This appeared to be because auditory icons are generally more ambiguous 
(e.g. the sound of coughing can indicate many things) and require more interpretation 
by the user. 

Until recently concreteness was sometimes seen as an icon’s most important 
property, however research now suggests that the effects of concreteness on user 
performance are less than previously thought [9]. This is because only a limited 
number of functions can be represented concretely and getting a close fit between 
pictures and functions is not always easy. For example, naming the bottle in Figure 1e 
does not allow you to arrive at its intended meaning. 

 

   
(a) heliport (b) slow processing (c) zoom 

  
(d) male (e) blow moulding 

Fig. 1. Examples of different types of icons 
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Initial differences in performance between concrete and abstract icons are not long 
lasting and diminish as users gain experience with icons [1, 7, 9].  Other icon 
properties therefore assume greater importance as learning progresses. 

2.2   Semantic Distance 

Semantic distance is a measure of the goodness-of-fit between the icon and its 
meaning.  Isherwood and others [9, 18, 19] have shown that semantic distance is more 
important than concreteness in the initial stages of learning because it is an index of 
the closeness of icon-function relationships irrespective of whether or not the icons 
are concrete or abstract.  This is illustrated in Figure 2. In a study carried out by 
McDougall, Curry & de Bruijn [20] three sets of icons which were used to indicate 
functionality on a ‘general purpose vehicle’ designed to overcome obstacles in a road.  
The abstract and arbitrary icon sets are equally non-pictorial, using primarily shapes 
and arrows rather than real world items to depict meaning.  However, the abstract 
icons still allowed the user to draw inferences about what might be meant while the 
arbitrary icons were randomly allocated to functions. Three groups of participants 
learned the icon sets.  Those learning the concrete and abstract sets did equally well 
but those learning the arbitrary set lagged well behind. The latter finding mirrors the 
findings reported by Stevens & Petocz [16] for their ‘auditory symbolic’ icons in 
which the meaning of abstract bursts of sounds were only gradually learned by 
association. 

 
 Icon Sets 

 Concrete Abstract Arbitrary 

 
Accelerate 

  
 

 
Dump load 

   
 
Push 

   

Fig. 2. Examples of icons and functions for concrete, abstract and arbitrary icon sets 

2.3   Familiarity 

Superficially at least, it seems a truism that familiarity is an important factor in icon 
interpretation, since familiarity implies something which has already been learned. 
However, familiarity for icons can take a number of forms; our familiarity with what 
is depicted in the icon, with the relationship between the icon and its function, and 
with the function itself. For example, our familiarity with the icon-function  
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relationship allows us to identify the icon representing ‘male’ in Figure 1e more 
quickly and effectively compared with the icon representing ‘slow processing’ 
(Figure 1b), where we are familiar with what is depicted. Thus, while it can be useful 
to exploit our familiarity with objects or  environmental sounds, if it requires the users 
to unlearn previously salient meanings such exploitation is likely to have much less 
utility [17]. 

Semantic distance is more important than icon familiarity in determining user 
performance initially as we form relationships between icon and function.  Once these 
have been learned, our familiarity with the icon and the icon-function relationship 
determine speed and accuracy of responding since it is an index of ease of access to 
long-term memory [21]. 

2.4   Complexity 

Visual complexity has been most closely associated with the search for, and 
perception of, icons in displays [4, 7].  The more complex icons are the longer search 
times on an interface is likely to be.  The effects of visual complexity appear to be 
long lasting with differences in performance between simple and complex icons 
remaining even after considerable training [7].  Because of its association with visual 
search, rather than icon identification, its effects on user performance were thought to 
be relatively independent of other icon characteristics.  However, Forsythe’s research 
[22] has shown that this is not the case. 

Visual complexity is particularly amenable to the use of metrics and a number of 
possible measures have been developed.  These typically assess a combination of the 
number of lines and shapes out of which the stimulus is composed.  However, 
Forsythe et al’s research [22] has made it clear that these metrics are often biased by 
our familiarity with the stimulus (more familiar stimuli are perceived as being 
simpler).  For example in the metric developed by Garcia, Badre & Stasko [23], 
metric calculation is based on icon features including the number of closed and open 
figures as well as horizontal and vertical lines.  It is clear that shapes we are familiar 
with are more likely to be seen as whole components within the figure, while 
unfamiliar shapes may be seen as a series of horizontal and vertical lines, so 
increasingly the complexity value of the stimulus under scrutiny.  This ‘hidden’ 
relationship between visual complexity and familiarity may account to some extent 
for the lack of robustness of visual complexity effects with respect to either pictures 
or icons [24, 25, 26, 27, 28, 29, 30, 31] and suggests that it may have more of a role to 
play in icon identification than was previously thought.   

2.5   Aesthetic Appeal 

Research to date for both pictures and icons has shown that there are close 
relationships between icon characteristics and perceived appeal [32].  Icons that are 
concrete, familiar and simple have greater appeal in comparison to those that abstract, 
unfamiliar, and complex [33,34,35,36,37,38]. This evidence might suggest that appeal 
is simply an emergent property of ease of processing, i.e. when a stimulus is easily 
and fluently processed this leads to a later positive attribution of this experience as 
‘liking’ for that stimulus [39].  However, the research presented by McDougall, 
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Reppa, Smith & Playfoot [40] suggests that aesthetic appeal has a more active part to 
play in determining user performance.  When users are presented with appealing 
complex icons performance is better than for unappealing complex icons. Although 
such effects were not apparent when simple icons were present, this shows that icon 
appeal can have a direct effect on user performance in a way that the user is unlikely 
to be conscious of. Such findings therefore go beyond the idea that, if users find an 
interface appealing they are more likely to spend time learning it, so enhancing 
performance. Nor is appeal purely stimulus driven. Users underlying cognitive skills 
also appear to have subtle effects on aesthetic appeal. The direction in which users 
habitually read influences their preference patterns for icons [40, Study 3].  

The trajectory of the effects of aesthetic appeal in determining usability as icons 
are learned is not yet known but what is clear on the basis of the findings reported in 
this session is that it is likely to affect usability both in our initial and later encounters 
with icon sets and that its effects are likely to be closely linked to the effects of other 
icon characteristics such as concreteness, familiarity and visual complexity. 

3   Utilizing Users’ Multimodal Knowledge to Enhance 
Interpretation 

While it is important to be able to describe the changing role of icon characteristics as 
users learning icon sets, contributions to this parallel session [17, 18] have made it 
clear that the key to enhancing usability is to enable the user to form meaningful 
connections between the icon and what it is referring to.  The closer the icon-function 
connections formed, irrespective of modality, the more successful the icon is likely to 
be. What is less clear is the precise form that these connections take, the nature of the 
representations that underpin them, and the processes involved in learning them.  
Recent research in psycholinguistics and robotics has led to theoretical developments 
which may provide a key to understanding the semantic processing and representation 
underpinning multimodal displays and how they might be optimized.   

Grounded cognition theorists argue that semantic information is not stored and 
processed in an amodal system independent of our sensory systems [41] and that 
learning takes place by assimilating information multimodally [42]. Grounded 
cognition theories propose that memory contains many multimodal components from 
vision, audition, action, affect and language.  Retrieving a memory therefore involves 
reactivating multimodal components together. Such approaches have their roots in 
early theories of situated action proposed by Gibson and others [43, 44] which have 
been influential in interface design practice.   

Barsalou [41] used the experience of sitting in a chair as an example of how 
multimodal information capture and subsequent retrieval might work.  As we sit down 
in a chair, the brain captures information across the modalities and integrates them 
with a multimodal representation in memory.  This representation will include, not 
only how the chair looks, but also how it feels, the creaks it makes as one sits down, 
the action of sitting, and introspections of comfort and relaxation.  Later, when 
knowledge is needed about a chair (e.g. a chair depicted in a concrete icon to indicate 
a seating area), our previous multimodal experiences are reactivated.  Thus the 
perception of relevant objects or sounds in icons triggers affordances for action stored 
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in memory [45].  Therefore the extent to which icons are able to activate appropriate 
memory representations with accompanying appropriate affordances is an important 
determiner of usability.   

Plausible ways in which different types of icon-function relationships might be 
built are as follows:- 

(i) Direct relationships: These exploit existing memory representations very 
straightforwardly.  Simply naming the content of the icon provides sufficient 
information to infer meaning (e.g. the use of helicopter to indicate a heliport in 
Fig 1a; the use of the sound of a fire engine siren to indicate fire). 

(ii) Indirect relationships: In these cases the icon has an augmentative function 
providing an indication of how the meaning might be inferred (e.g slow 
processing in Fig 1b or the sound of coughing to indicate the build up of noxious 
gases).  Possible referents in memory, though rich in information, are less 
definite and more diffuse and therefore are more prone to error when the icon-
referent relationship is being learned.  Abstract icons may benefit particularly if 
information about likely affordances is indicated in the icon (e.g. the abstract 
icons in Fig. 2). 

(iii) Distant relationships: In these cases icon-referent relationships are learned by 
rote through convention.  When initially encountered the icon provides virtually 
no cues to helpful memory representations, except possibly that this is a type of 
symbolic information which must be learned and decoded (e.g. the arbitrary 
icons in Fig. 2; the use of tonal bursts of sound at set frequencies to provide 
warnings [17]).  As the icon-referent relationships are learned they will engender 
situated memory representations but may never have the same depth or richness 
of information available to them as direct and indirect relationships. 

(iv) Inappropriate relationships: When icon-referent relationships cue inappropriate 
and competing memory representations which cut across their intended meaning, 
they can be unhelpful.  The extent to which this is the case will depend on the 
richness of the inappropriate memories triggered and will need to unlearn these 
associations (e.g. ‘blow moulding’ in Fig. 1e). 

Using a grounded cognition approach, we would expect that the meaning of icons 
is learned in a similar way to the meaning of words and that the process of learning 
icon-function relationships could be characterized in the same manner.  Given this 
assumption, it is not surprising that the there appear to be strong parallels between  
children’s language acquisition and our ease of learning different types of icon-
referent relationships. 

Across languages, children’s first words consist of object names relating to the 
items that surround them such as food and toys.  This is followed by verbs related to 
simple actions.  Research has shown that the ease with which a word is learned  
depends upon its concreteness and the extent to which it refers to tangible real world 
items [46]. Therefore, object names and action verbs are learned first because they are 
more directly observable and concrete. Later learned words correspond to abstract 
concepts (e.g. method, justice) that are not directly grounded in experiences with our 
surroundings.  Initial and imageable words directly grounded in physical and 
perceptual experiences serve as a foundation for the acquisition of abstract words and 
ideas that become indirectly grounded through their relations to those grounded words 
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(i.e. the use of metaphors with the real world). The capture of multiple stimulus 
attributes across different modalities to form rich memory representations also helps 
to explain the probabilistic and complex way in which multiple icon attributes 
contribute to icon usability and appeal.   

One of the difficulties in using multimodal interfaces has been our lack of 
understanding of precisely how each modality contributes to user experience and vice 
versa.  Given that multimodal learning interfaces are now being built to examine the 
acquisition of language and meaning using mathematical algorithms [47], this may 
provide a rich source of information about just how multi-modal information can be 
balanced to maximally enhance the information provided via interfaces to users. 
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