
Johnson, Paivio, and Clark (1996) noted that “picture 
naming is . . . of practical importance because pictures 
convey important information, either alone or in conjunc-
tion with written text. Overt or covert naming, therefore, 
occurs in many educational, occupational, and recre-
ational activities” (p. 113). This statement is particularly 
true of icons, since their major function is to communicate 
information on computers, in public spaces and roads, in 
transport (e.g., aircraft and cars), and on home equipment 
(e.g., telephones, washing machines, and video record-
ers). It is important to understand more about the way in 
which icons are identified, because they are encountered 
and used at least as frequently as pictures in today’s world. 
For the sake of simplicity, icons is the term used in this ar-
ticle to refer to the broad range of icons, signs, or symbols 
used to help individuals interact with machines and their 
environment.

Icons differ in a number of ways from the pictures typi-
cally employed in naming tasks (Cycowicz, Friedman, 
Rothstein, & Snodgrass, 1997; Snodgrass & Vanderwart, 
1980; cf. Hancock, Rogers, Schroeder, & Fisk, 2004, and 
Isherwood, McDougall, & Curry, 2007). One difference 
is that icons are not always objects and may be quite ab-
stract representations of the functions that they represent. 
For example, an icon indicating a lift (an elevator) may 
depict individuals in a lift (see Figure 1A) or may simply 
use up and down arrows to refer to the motion of the lift 

(see Figure 1B). Another difference is that strong semantic 
links between pictures and their names have usually been 
forged over a long period, whereas the intended function 
of an icon often has to be learned. The amount of learning 
required is likely to depend on the nature of the relation-
ship between the icon and its function (for a discussion 
of these relationships, see Familant & Detweiler, 1993; 
Keller & Stevens, 2004; Peirce, 1932). Figure 1 illustrates 
the range of these relationships. In some cases, simply 
naming the graphic in the icon is sufficient to arrive at the 
function name (naming the lock in Figure 1C). In other 
cases, the icon–function relationship is less direct and 
must be inferred (e.g., inferring that hares run quickly, 
as in Figure 1D). In other cases, the relationship is arbi-
trary and can be understood only if users have previously 
learned its meaning (the relatively well-known shape in-
dicating biohazards in Figure 1E).

Finally, the range of functions that icons are designed to 
communicate are broader than those usually considered in 
the picture-naming literature, and again this is illustrated 
in Figure 1. In order to predict the ease with which icons 
are likely to be identified, the icon characteristics of each 
part of the icon need to be considered: (1) the picture, or 
graphic, used in the icon; (2) the function of the icon; and 
(3) the relationship between icon and function. This is sim-
ilar to the three classes of item attributes expected to influ-
ence picture naming (Johnson et al., 1996; Paivio, Clark, 
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teristics relative to measures of icon graphic characteris-
tics and the closeness of the icon–function relationship.

Because icons are often not known and have to be 
learned, predictors of icon identification change as learn-
ing occurs (Green & Barnard, 1990; Isherwood et al., 
2007; McDougall, de Bruijn, & Curry, 2000). Changes 
as a result of learning were therefore also examined by 
obtaining accuracy and response time (RT) data as par-
ticipants gained experience with an icon set over a series 
of 13 blocks of learning trials. Again, this contrasts with 
picture-naming experiments where, because item names 
are known, participants are usually given one, or at most 
two, exposures to stimuli.

Icon Characteristics
Visual complexity. The visual complexity of an icon 

or picture can be measured in a number of ways (see For-
sythe, Sheehy, & Sawey, 2003; García, Badre, & Stasko, 
1994; Lloyd-Jones & Luckhurst, 2002; Snodgrass & 
Vanderwart, 1980) but generally can be taken to refer to 
the level of intricacy or detail in a stimulus. Complexity 
metrics typically assess a combination of the number of 
lines and shapes out of which the stimulus is composed. 
Some studies have shown that visual complexity increases 
picture- naming times, and this is thought to be the result 
of increased processing time at, or before, the stage of 
object recognition (Alario et al., 2004; Ellis & Morrison, 
1998; Humphreys, Riddoch, & Quinlan, 1988). The com-
plexity effect, however, is far from robust (Barry et al., 
1997; Bonin et al., 2002; Bonin, Peereman, Malardier, 
Méot, & Chalard, 2003; Cuetos et al., 1999; Paivio et al., 
1989; Snodgrass & Yuditsky, 1996), and some research-
ers have even suggested that increased complexity can 

Digdon, & Bons, 1989). Measures of these attributes are 
typically obtained in picture-naming studies and include 
(1) visual complexity and familiarity of the picture; (2) the 
frequency of occurrence, familiarity, age of acquisition, 
word length, phonological complexity, imageability, and 
concreteness of the name; and (3) the closeness of the re-
lationship between picture and name, as assessed using 
measures of goodness of depiction, name agreement, and 
concept agreement (e.g., Alario et al., 2004; Barry, Mor-
rison, & Ellis, 1997; Bates et al., 2003; Bogka et al., 2003; 
Bonin, Barry, Méot, & Chalard, 2004; Bonin, Chalard, 
Méot, & Fayol, 2002; Catling & Johnston, 2006; Cuetos, 
Ellis, & Alvarez, 1999; Dell’Acqua, Lotto, & Job, 2000; 
Ellis & Morrison, 1998; Lloyd-Jones & Nettlemill, 2007; 
Morrison & Gibbons, 2006; Morrison, Hirsh, & Duggan, 
2003; Snodgrass & Yuditsky, 1996; Weekes, Shu, Hao, 
Liu, & Tan, 2007; Zevin & Seidenberg, 2002).

Although the role of the characteristics of the icon 
graphic and the closeness of the icon–function relation-
ship have been investigated in icon identification, research 
examining the role of function characteristics has been 
more limited and has been concerned primarily with the 
inclusion or exclusion of text labels to accompany icons. 
This research has shown that individuals often rely on tex-
tual labels attached to icons to access meaning (Guastello, 
Traut, & Korienek, 1989), particularly where the icon 
graphic is unfamiliar (Vukelich & Whitaker, 1993), and 
suggests that the characteristics of the icon function label 
are likely to be important in determining user performance 
with an interface. The aim of the present research was to 
find out more about how the nature, or characteristics, of 
icon function names affects the ease with which icons are 
identified and to ascertain the importance of these charac-
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Lift
[Concrete]

Lift
[Abstract]

Lock
[Direct]

Fast
[Inferred]

Biohazard
[Arbitrary]

Female Search

Figure 1. Examples of different types of icons.
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are not long lasting and diminish as users gain experience 
with icons (Green & Barnard, 1990; Isherwood et al., 
2007; McDougall et al., 2000). It was therefore expected 
that the locus of concreteness effects would be in initial 
learning trials as individuals attempt to form meaningful 
links between icon graphics and their function. Concrete-
ness effects were also expected to be limited by the extent 
to which the pictorialness of the icon allowed access to 
appropriate function names via visual metaphors (e.g., 
simply naming the rabbit in Figure 1D does not allow ac-
cess to the appropriate function name).

The Icon–Function Relationship
Measures of the strength of item–referent relation-

ships are important predictors of naming performance. 
Bates et al. (2003) used a measure of goodness of depic-
tion for pictures where participants were asked to judge 
how well each picture illustrated its given name, using a 
1–5 scale. Other associated measures have been obtained 
for both pictures and icons. These include concept agree-
ment (the percentage of participants correctly naming 
the item) and, more commonly, name agreement (which 
assesses the number of names given to an item across 
participants; Cycowicz et al., 1997; Fiez & Tranel, 1997; 
Lachman & Lachman, 1980; Martein, 1995; McDougall 
et al.,1999; Morrison et al., 2003; Sanfeliu & Fernandez, 
1996; Snodgrass & Vanderwart, 1980; Snodgrass & Yu-
ditsky, 1996). Bates et al.’s measure of goodness of depic-
tion was the most important predictor of naming latency 
across seven languages, and name agreement is also a ro-
bust predictor of naming performance (e.g., Alario et al., 
2004; Barry et al., 1997; Johnson & Clark, 1988; Mor-
rison et al., 2003; Snodgrass & Yuditsky, 1996; Vitkovitch 
& Tyrrell, 1995).

Peirce’s (1932) original tripartite classification system 
(see Figures 1C–1E) was unified into a single continuous 
dimension, semantic distance, by McDougall et al. (1999) 
when they obtained ratings of the strength of the icon–
function relationship on a 1–5 scale from very strongly 
related to not closely related, providing a measure similar 
to the goodness-of-depiction measure employed by Bates 
et al. (2003). When McDougall, Curry, and de Bruijn 
(2001) varied both the semantic distance and the con-
creteness of an icon set, they found that semantic distance 
was a stronger determinant of performance than was con-
creteness (see also Isherwood et al., 2007). This may well 
be because concreteness acts as an index of how well we 
name pictured items but is not an index of whether or not 
we can access the appropriate function meaning. In the 
present study, semantic distance was therefore expected 
to be a strong predictor of naming, acting in a way similar 
to that of Bates et al.’s measure.

Function Characteristics
Three function characteristics were considered in this 

study: familiarity, concreteness, and function name length. 
The recent and continuing development of icons as a form 
of communication means that measures of age of acquisi-
tion and frequency of occurrence typically used in picture 
naming are not yet available for icons.

enhance performance (Biederman, 1987; Lloyd-Jones & 
Luckhurst, 2002). One possible reason for the lack of ro-
bustness is that subjective ratings of visual complexity are 
confounded with familiarity, so that more familiar items 
are rated as less complex (Forsythe, Mulhern, & Sawey, 
2008; Székely & Bates, 2000). Any effects of complex-
ity on icon identification may, therefore, be suppressed 
in regression analyses by familiarity. Another reason, ap-
parent from icon research, is that visual complexity is im-
portant when we need to search visual displays (Byrne, 
1993; McDougall et al., 2000, Experiment 1; McDougall, 
Tyrer, & Folkard, 2006) but has less of a role to play when 
icons must be identified (McDougall et al., 2000, Experi-
ment 2). It is more difficult to explain the opposing find-
ing, that increased complexity enhances performance, 
unless there is a dual locus for complexity effects, one 
associated with visual search (where reduced complex-
ity is helpful) and another associated with identification 
(where increased complexity is helpful; see Lloyd-Jones 
& Nettlemill, 2007). If there is a dual locus, visual com-
plexity is likely to affect the identification task. If, on the 
other hand, complexity is associated primarily with visual 
search, the effects of complexity on icon identification 
will be small, and where they do arise, they are likely to 
be confounded with icon familiarity.

Icon familiarity. In the picture-naming literature, rated 
familiarity is a strong and consistent predictor of picture 
naming (Alario et al., 2004; Bates et al., 2003; Ellis & Mor-
rison, 1998; Feyereisen, Van der Borght, & Seron, 1988; 
Hirsh & Funnell, 1995; Snodgrass & Yuditsky, 1996). Fa-
miliarity is thought to be the equivalent of frequency for 
words (Bates et al., 2003; Hirsh & Funnell, 1995) and to 
reflect the ease with which semantic representations can 
be accessed in long-term memory (Hirsh & Funnell, 1995; 
Lambon Ralph, Graham, Ellis, & Hodges, 1998).

Recent research has shown that familiarity with the 
graphic in the icon is an important predictor of ease of 
identification even after individuals have gained experi-
ence with the icons over a series of trials (Isherwood et al., 
2007). This was also thought to reflect differences in ease 
of access to long-term representations. Research to date 
therefore suggests that icon familiarity would be an im-
portant predictor of identification across the whole series 
of learning trials.

Icon concreteness. The concreteness of an icon is the 
extent to which it depicts real objects, materials, or people 
(see Figures 1A and 1B). Abstract icons, in contrast, are 
less pictorial and tend to have less obvious connections 
with real-world items and to make more use of shapes, 
arrows, and lines (McDougall, Curry, & de Bruijn, 1999). 
Initial research suggested that concreteness was the most 
important property of an icon because concrete icons de-
pict objects, allowing individuals to use their knowledge 
of the everyday world to access meaning (Moyes & Jor-
dan, 1993). This was supported by research showing that 
users respond more quickly and accurately to concrete 
icons (Arend, Muthig, & Wandmacher, 1987; Rogers & 
Oborne, 1987; Stammers, George, & Carey, 1989; Stam-
mers & Hoffman, 1991; Stotts, 1998). Other research, 
however, has shown that these performance advantages 
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whereas search, a relatively abstract word, is depicted 
using a concrete icon. Exactly what the role of function 
concreteness would be with respect to icon naming was 
difficult to predict, given the lack of relevant previous re-
search, so no specific hypotheses were formed prior to 
experimentation. Ratings of function name concreteness 
were obtained prior to conducting the icon identification 
trials, since no measures were currently available.

Icons are used today as frequently as pictures, so it is 
important to ascertain the factors determining ease of 
icon identification so that icon design can be improved. 
To date, no research has examined the role of the function 
name in determining identification. One of the reasons 
for this may be a practical one: The function is usually a 
given, and it is the interface designer’s task to create an 
icon that works well for that function. In the research re-
ported here, we examined the relative predictive power of 
characteristics associated with the function name, the icon 
graphic, and the strength of the icon–function relation-
ship in determining ease of identification as participants 
learned icons and their functions during a series of trials. 
In Experiment 1, additional ratings of function name char-
acteristics were obtained, and in Experiment 2, predictors 
of icon identification were examined.

EXPERIMENT 1 
Additional Ratings of  

Function Name Characteristics

Ratings of icon characteristics (concreteness, familiarity, 
and complexity) and icon–function relationships (semantic 
distance, concept agreement, and name agreement) have 
already been obtained for a corpus of icons by McDougall 
et al. (1999). However, there has been no previous investi-
gation of the role of function names on icon identification, 
so no measures of function concreteness or familiarity 
currently exist. These were obtained in Experiment 1 by 
extending the ratings obtained by McDougall et al. (1999) 
to include function concreteness and familiarity.

Method
Participants. Eighty-three participants provided ratings for func-

tion name characteristics. All were from an introductory psychol-
ogy class at the University of Wales, Swansea, and received course 
credit for their participation. Forty-three provided ratings of function 
name concreteness (mean age  20 years 10 months; SD  5 years 
10 months), and 40 provided ratings of function name familiarity 
(mean age  20 years; SD  4 years). Four participants’ data were 
excluded because the ratings they provided were incomplete (1 pro-
viding familiarity ratings and 3 providing concreteness ratings).

Materials and Procedure. The procedure used to obtain these 
ratings was the same as that employed by McDougall et al. (1999) 
when obtaining ratings for other icon characteristics. Function 
names were presented to the participants in booklets. Pages in book-
lets were assembled in accordance with a Latin square design to 
ensure that each participant was presented with the icon functions in 
a different order. Alongside each function name was a 5-point rating 
scale. Following the procedures developed by Paivio et al. (1968) 
and Gilhooly and Logie (1980), the participants providing concrete-
ness ratings were told that function names were to be regarded as 
concrete if they depicted real objects, materials, or people; those 
that did not were to be regarded as abstract. A rating of 5 indicated 

Familiarity. It is impossible to consider name famil-
iarity without considering name frequency, since the two 
have been closely linked in research. In the first studies 
showing a frequency effect on naming latency, Oldfield 
and Wingfield (1964, 1965) argued that naming times 
for pictures should be related to the familiarity of the ob-
ject and its name. In a later review of the picture-naming 
literature, Johnson et al. (1996) also claimed that word 
frequency may index the familiarity, and semantic acces-
sibility, of the concept underlying that word. This idea is 
supported by studies that have shown that frequency effects 
are not apparent unless semantic access is required (Cara-
mazza, Costa, Miozzo, & Bi, 2001; Meyer, Sleiderink, 
&  Levelt, 1998). If familiarity with the function name is 
implicated in semantic access (as is familiarity with the 
graphic), name we would expect that familiarity would be 
a strong predictor of naming even when the icon set has 
been learned.

Function name length. Word length is most often 
measured using the number of syllables, letters, or pho-
nemes that a word contains. Word length effects are typi-
cally associated with the word production, or pronuncia-
tion, stage of naming (Johnson et al., 1996; Levelt, 1989; 
Levelt, Roelofs, & Meyer, 1999). However, word length 
effects in picture naming are often small and inconsistent 
(see Cuetos et al., 1999; Dell’Acqua et al., 2000; Santiago, 
MacKay, Palma, & Rho, 2000; Snodgrass & Yuditsky, 
1996). A possible reason for this is the negative corre-
lation between frequency and word length (i.e., Zipf ’s 
[1965] law). This relationship occurs because short words 
tend to be used for more frequently occurring concepts 
and longer names for less frequently occurring concepts. 
This means that, across languages, negative correlations 
are observed between frequency and word length (see 
Bates et al., 2003). Word length effects therefore may be 
suppressed in regression analyses because of correlations 
between the frequency with which we have encountered 
a concept (i.e., our familiarity with the function) and the 
length of the function name.

Function concreteness. Word imageability (the ease 
with which a mental image can be formed to a word) is 
closely correlated with word concreteness (the extent to 
which words refer to objects or people; Gilhooly & Logie, 
1980; Paivio, Yuille, & Madigan, 1968; rs  .83 and 
.78, respectively). Despite these high correlations, Bird, 
Franklin, and Howard (2001) point out that imageabil-
ity is a better predictor of picture-naming performance 
than is concreteness (see also Nickels & Howard, 1995). 
This may be because the pictures, by their very nature, are 
highly concrete items (they are objects or people) and this 
produces ceiling effects that limit concreteness’s predic-
tive power. Given that the concreteness of icon functions 
varies considerably, it may well be that concreteness is a 
better predictor of icon naming.

It is unlikely that function and icon concreteness will 
act similarly as predictors of icon identification, because 
word and icon concreteness are often dissociated. Fig-
ures 1F and 1G illustrate this dissociation; female, a word 
rated as highly concrete, is depicted using an abstract icon, 
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general, there are strong correlations between these char-
acteristics, with the exception of the visual complexity 
ratings.

Function name concreteness correlates relatively poorly 
with icon concreteness and other icon characteristics. Pos-
sible reasons for this become apparent if one examines lift 
(in Figure 1B), fast, biohazard, female, and search in Fig-
ure 1, where there is a dissociation between the concrete-
ness of the graphic and the name. Function concreteness 
correlates relatively well with icon–function relationship 
measures, reflecting the fact that concrete functions can 
be more easily represented visually in an icon, creating a 
close icon–function relationship.

With the exception of visual complexity, there are 
strong correlations between function name familiarity and 
both icon characteristics and icon–function indices. These 
correlations suggest that our familiarity with the function 
name may, in combination with the icon familiarity, help 
to determine ease of access to function meaning. The 
strongest correlation with function name length (number 
of syllables) is with function name familiarity, as might be 
expected on the basis of Zipf’s (1965) law.

EXPERIMENT 2 
The Role of Function Name Characteristics  

in Predicting Icon Identification

In this experiment, we examined the role of function 
name characteristics in icon identification as participants 
gained experience with the icon set over a series of tri-
als. Of particular interest was the role of function name 
characteristics, relative to icon graphic and icon–function 
characteristics, in determining identification.

Method
Participants. Thirty undergraduate and postgraduate volunteers 

from the University of Wales, Swansea, took part in this experiment. 
They were either paid or given psychology course credits for their 
participation. One participant’s data were rejected because the par-
ticipant did not follow the experimental procedure correctly, leaving 
a total of 29 participants who completed the icon identification task.

Materials and Apparatus. The icons used in this experiment 
were chosen from the set of 239 icons from the original corpus. One 
hundred eight icons were selected for use in the experimental task; 

that the function name was definitely concrete, and a rating of 1 in-
dicated that it was definitely abstract. Familiarity ratings also used a 
1–5 scale; a rating of 5 indicated that the function was very familiar, 
and a rating of 1 indicated that it was very unfamiliar.

Results and Discussion
A downloadable appendix to this article provides an 

alphabetical index of the concreteness and familiarity of 
function name ratings and number of syllables in each 
function. Icons can be matched with those in the McDou-
gall et al. (1999) study, which also lists icons alphabeti-
cally and with the same numbers. One item, belt drive, 
was omitted in error from the ratings booklets, leaving 
a total of 238 icons from the original icon set. There was 
a considerable spread in ratings for both the concrete-
ness and familiarity of function names obtained (function 
familiarity, M  3.62, SD  1.13, range  1.18–5.00; 
function concreteness, M  3.02, SD  0.76, range  
1.85–4.68; number of syllables, M  3.81, SD  2.40, 
range  1–13). Although there was a degree of skew for 
all three variables (function familiarity  .64, function 
concreteness  .71, number of syllables  1.00), it was 
well within acceptable limits (George & Mallery, 2005, 
p. 99), and no transformations were carried out.

The reliability of the ratings was evaluated using split-
half reliability. The participants were split randomly into 
two groups; this resulted in two groups of 19 and 20 par-
ticipants for each rating. Correlations between subgroup 
ratings were then calculated. These were high for both 
ratings (r  .90 for concreteness and r  .97 for familiar-
ity). Another indication of reliability is available, since a 
number of icons from the original corpus had the same 
function name (as in lift in Figure 1). Since the function 
name alone was presented, both concreteness and famil-
iarity ratings should be very similar, and this was indeed 
the case (see debug, films, lift, no entry, search, and zoom 
in the downloadable appendix).

Interrelationships between item characteristics. 
The correlations between the icon characteristics, icon–
function relationships, and function name characteristics 
are shown in Table 1. Correlations for icon characteristics 
and icon–function relationships are taken from Mc Dougall 
et al. (1999) and will not be considered in detail here. In 

Table 1 
Correlations Between Icon Characteristics From the McDougall, Curry, and de Bruijn (1999) Icon Set and  

Function Name Characteristics Obtained in Experiment 1 (n  238)

Icon Icon Visual Semantic Name Function Function No. of
Characteristic  Concreteness  Familiarity  Complexity  Distance  Agreement  Concreteness  Familiarity  Syllables

Icon
 Concreteness –
 Familiarity .76** –
 Visual complexity .06 .34** –
Icon–Function Relationship
 Semantic distance .65** .53** .05 –
 Name agreement .73** .74** .23* .61** –
Function Name
 Concreteness .18* .14 .06 .41** .23** –
 Familiarity .51** .46** .06 .51** .44** .38** –
 No. of syllables .27** .23** .05 .36** .28** .33** .61** –
*p  .05. **p  .01.



330 MCDOUGALL AND ISHERWOOD

3. The array of nine icons then appeared on screen, and the par-
ticipants selected, as quickly as possible, the icon they felt matched 
the function label.

4. After the participants had selected an icon, the icons disap-
peared, and the screen returned to its original state, ready for the 
participants to begin the next experimental trial.

This procedure was repeated until each of the 72 icons had been 
displayed as a target icon. For each experimental trial, timing began 
when the 9-icon array appeared on the screen and ceased after the 
participants had clicked on 1 of the icons. Whenever the participants 
did not select the correct icon, they were given two more attempts 
to do so. After their third incorrect attempt, all of the other icons in 
the display disappeared, leaving only the target icon visible for 2 sec 
before it also disappeared, after which the next trial began.

Each of the icons used in this experiment was presented once as 
a target icon and eight times as a distractor icon in each block of 72 
trials. Because all of the icons were shown equally often, both as 
targets and as distractors, this controlled for possible differences in 
the incidental learning of icons. The location of the distractors was 
randomized across each block of trials. Prior to experimental trials, 
the participants were presented with 36 practice trials, using non-
experimental icons, in order to familiarize them with the experimen-
tal procedure. This was followed by 13 blocks of 72 experimental 
trials, which were presented to the participants in two sessions on 
consecutive days. The participants were given a 2-min break be-
tween the blocks of learning trials. In total, the participants were 
shown each icon 13 times as a target and 104 times as a distractor.

Results and Discussion
Mean accuracy scores and RTs for each block of ex-

perimental trials are shown in Table 3. Also shown are the 
correlations between item characteristics and performance 
measures. The pattern of correlations differed for accu-
racy scores and RTs. Both icon concreteness and famil-
iarity were significantly correlated with accuracy scores, 
although this was reduced as participants gained experi-
ence with the icons over blocks of trials. Semantic distance 
was strongly correlated with accuracy in early blocks of 
trials. Name agreement was correlated significantly with 
accuracy across all the blocks of trials; this may reflect its 
close relationship, noted earlier, with both icon concrete-
ness and familiarity. Both function familiarity and function 
length (number of syllables) were significantly related to 
accuracy, with familiarity showing the most consistently 
high correlations with performance across all the blocks 
of trials, when compared with all other dependent vari-

36 of the icons were used in practice trials, and the remaining 72 
icons were used in experimental trials. The initial selection of the 72 
experimental icons was made randomly, and then some adjustments 
were made to ensure that the full range of characteristics under exam-
ination was represented. The means, standard deviations, and range 
of the icon characteristics of this icon set are shown in Table 2.

A PC equipped with an Intel Pentium 166-MHz processor was 
used to present experimental trials in the icon identification task. 
The participants used a mouse to provide input for the program, with 
the track speed set midway between slow and fast. Responses were 
timed using the system’s multimedia timer, which allows measure-
ment to within 1 msec, although an estimated uncertainty of up to 

30 msec is added when the mouse is used as an input device.
Procedure. In this task, the participants were shown a func-

tion label and were required to select the icon that they felt best 
matched this function from an array of nine icons (see Figure 2). 
This task is analogous to the kind of task users face when interact-
ing with interfaces when they need to find icons that match some-
thing that they wish to do (see Bocker, 1993, p. 76, for a discussion 
of this type of task). The procedure for each experimental trial was 
as follows.

1. The participants clicked on the “OK” button presented on the 
left-hand side of the screen. The function of an icon would then ap-
pear on the screen.

2. After 2 sec, a bleep sounded, indicating that the participants 
should click the “OK” button again. Given that it takes an average 
of approximately 500 msec for a skilled adult reader to read and 
pronounce a single word, it was expected that the participants would 
be able to read function words or phrases easily within this 2-sec 
period (Waters, Seidenberg, & Bruck, 1984). Previous research and 
extensive piloting also suggested that this time was sufficient for the 
participants (see McDougall et al., 2000).

Table 2 
Means and Standard Deviations for the Characteristics  

of the 72 Icons Employed in Experiment 2

Characteristic  M  SD  Range

Icon
 Concreteness 3.12 1.01 1.65–4.93
 Familiarity 2.92 0.97 1.53–4.87
 Visual complexity 2.63 0.87 1.04–4.23
Icon–Function Relationship
 Semantic distance 2.48 0.92 1.17–4.88
 Name agreement (%) 30.08 24.20 2.50–87.50
Function Name
 Concreteness 3.03 0.73 1.98–4.68
 Familiarity 3.57 1.13 1.18–5.00

No. of syllables  4.04  2.45  1–10

Figure 2. An experimental trial.



PREDICTORS OF ICON IDENTIFICATION    331

performance shown in Table 3 suggest that icon familiarity 
is likely to be the strongest predictor of the three variables 
for both accuracy and RTs. Furthermore, preliminary re-
gression analyses revealed that name agreement and icon 
concreteness predicted little, if any, variance in accuracy 
or RTs in any of the blocks of trials after icon familiarity 
had been considered. As a result, these two variables were 
excluded from further analyses.

Previous research has shown that word length effects 
are often minimal because of Zipf’s (1965) law (see Bates 
et al., 2003). Preliminary regression analyses were there-
fore carried out for word familiarity and the number of 
syllables in the function name. These revealed that the 
length of the function name predicted little variance in 
performance measures across all the blocks of trials once 
function familiarity had been considered; number of syl-
lables was therefore also excluded from further analyses.

Accuracy. A repeated measures ANCOVA was con-
ducted in order to examine the effect of learning across 
blocks of trials (1–7) on accuracy scores. Covariates were 
icon familiarity, semantic distance, and function name fa-
miliarity. These were the characteristics remaining after lack 
of correlation with performance (visual complexity and 
function concreteness) and collinearity with other variables 
(icon concreteness, name agreement, and function length) 
led to the exclusion of a number of variables. A by-items, 
rather than by-subjects, analysis was carried out, since it was 
the nature of the icons that was the focus of the study.

ables. Neither visual complexity nor function concreteness 
(with the exception of Block 7) was related to accuracy 
of identification; they were therefore not included in the 
subsequent analyses of accuracy scores.

Correlations between icon characteristics and RTs were 
generally higher, particularly in later blocks of trials. In 
the initial blocks of trials, the strongest correlations were 
with semantic distance. Both icon familiarity and function 
familiarity were also strongly correlated with identifica-
tion time across all the blocks of trials. It is interesting to 
note that both function concreteness and visual complex-
ity were correlated significantly with RT in later blocks of 
trials. Correlations after seven blocks of trials, however, 
should be treated with considerable caution, particularly 
for accuracy scores, since performance appeared to have 
reached asymptote and variation was therefore limited. 
For this reason, only Blocks 1–7 will be considered in the 
analyses that follow.

Prior to ANCOVAs and regressions being carried out, 
consideration was given to the risk of multicollinearity be-
tween icon characteristics. Tabachnick and Fidell (1996) 
recommended that including variables that correlate above 
.70 with one another should be avoided (see also Morri-
son, 2003, for further discussion of the effects of multicol-
linearity in picture-naming analyses). Table 1 shows that 
icon familiarity was correlated highly with both icon con-
creteness (r  .76) and name agreement (r  .73). Recent 
research (Isherwood et al., 2007) and the correlations with 

Table 3 
Mean Accuracy and Response Times (With Standard Deviations) and  

Correlations Between These Performance Measures and Icon Characteristics for Each Block of Trials

Block

  1  2  3  4  5  6  7  8  9  10  11  12  13

Accuracy (% Correct)

 M 70.16 89.42 95.40 96.74 97.80 97.84 98.04 98.56 98.71 98.61 98.99 98.90 98.80
 SD 21.71  13.44   7.25   3.59   3.44   4.11   2.82   2.94   2.34   2.75   1.87   2.37   2.47
Icon
 Concreteness .46** .52** .42** .40** .30** .39** .30** .28* .23 .25* .10 .22 .29*

 Familiarity .47** .50** .41** .35** .29* .35** .30** .34** .23 .29* .26* .25* .28*

 Visual complexity .04 .01 .11 .11 .03 .01 .06 .18 .17 .10 .24 .19 .18
Icon–Function Relationship
 Semantic distance .74** .63** .42** .46** .31** .44** .28* .23 .18 .21 .20 .18 .09
 Name agreement .44** .44** .40** .36** .31** .35** .28* .29* .14* .27* .24* .20* .26*

Function Name
 Concreteness .18 .08 .11 .13 .03 .14 .30** .13 .19 .07 .01 .17 .02
 Familiarity .62** .65** .59** .47** .46** .58** .54** .44** .40** .47** .15 .38** .43**

 No. of syllables .28* .36** .51** .27* .38** .40** .49** .45** .09 .36** .09 .24* .26*

Response Times (msec)

 M 2,924 1,948 1,666 1,577 1,485 1,416 1,361 1,340 1,321 1,267 1,272 1,225 1,249
 SD 881  636  447  361  344  299  254  234  216  196  202  183  194
Icon
 Concreteness .36** .55** .56** .55** .43** .35** .37** .31** .49** .42** .40** .32** .34**

 Familiarity .44** .59** .61** .54** .45** .36** .43** .47** .52** .52** .43** .41** .43**

 Visual complexity .13 .13 .24* .36** .22 .18 .30** .34** .33** .34** .35** .38 .38**

Icon–Function Relationship
 Semantic distance .74** .71** .63** .53** .56** .50** .46** .46** .52** .47** .46** .41** .35**

 Name agreement .35* .51** .55** .55** .45** .37** .41** .36** .48** .46** .44** .39** .40**

Function Name
 Concreteness .18 .11 .19 .19 .18 .23 .20 .22 .24* .24* .25* .31** .32**

 Familiarity .33** .52** .60** .52** .55** .56** .58** .52** .50** .51** .53** .44** .42**

 No. of syllables .10 .28* .38** .39** .50** .49** .50** .37** .40** .47** .40** .42** .40**

*p  .05. **p  .01.
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ticipants tried to learn the icon–function relationships, but 
from Block 3 onward, function name familiarity was the 
primary determinant of performance, and it contributed 
uniquely to explaining variance in accuracy across all the 
blocks of trials. Together, these two icon characteristics 
explained over 60% of the variance seen in accuracy in 
the first block of trials. Not surprisingly, this was reduced 
as the icon set was learned, but even when the learning 
process was slowing in Blocks 6 and 7, icon familiarity 
accounted for over 30% of the variance observed.

Response times. The same type of analyses were car-
ried out for the RT data. A repeated measures ANCOVA 
was used to consider the effect of learning on performance 
across blocks of trials. In addition to icon familiarity, se-
mantic distance, and function name familiarity, visual 
complexity and function name concreteness were included 
as covariates, since they were correlated significantly with 
RTs in later blocks of trials.

RTs were reduced considerably across the learning 
curve [F(6,396)  18.24, MSe  1,331,750.92, p  .01, 

2
p  .21]. As with the accuracy scores, semantic distance 

and function name familiarity had significant overall ef-
fects on RTs [F(1,66)  38.77, MSe  15,618,784.45, p  
.01, 2

p  .37, and F(1,66)  4.38, MSe  1,765,289.90, 
p  .05, 2

p  .06, respectively]. The main effects of icon 
familiarity, visual complexity, and function name con-
creteness were not significant [F(1,66)  3.98, MSe  
1,603,775.11, p  .05; F(1,66)  1.31, MSe  529,471.74, 
p  .05; and F  1, respectively]. Interactions with blocks 
of trials were significant for icon familiarity [F(6,396)  
6.53, MSe  1,144,537.71, p  .01, 2

p  .09], semantic 
distance [F(6,396)  51.16, MSe  8,967,357.67, p  
.01, 2

p  .44], and function name familiarity [F(6,396)  
4.91, MSe  860,696.95, p  .05], but not for visual com-
plexity (F  1) or function name concreteness (F  1).

There were significant increases in accuracy as the 
participants learned the icon set across blocks of trials 
[F(6,408)  123.16, MSe  0.440, p  .01, 2

p  .64]. 
Two of the three covariates, semantic distance and func-
tion name familiarity, had significant overall effects on 
accuracy [F(1,68)  22.29, MSe  0.280, p  .01, 2

p  
.25, and F(1,68)  22.80, MSe  0.286, p  .01, 2

p  
.25, respectively], but icon familiarity did not [F(1,68)  
2.43, MSe  0.03, p  .05]. Similarly, interactions with 
blocks of trials were significant for semantic distance 
[F(6,408)  25.86, MSe  0.092, p  .01, 2

p  .28] and 
function name familiarity [F(6,408)  5.53, MSe  0.020, 
p  .01, 2

p  .08], but not for icon familiarity [F(6,408)  
1.13, MSe  0.004, p  .05].

The relationship between the significant covariates and 
accuracy was examined further, using regression analyses 
for each block of trials. These analyses had three aims as 
follows: (1) to examine which characteristic was the best 
predictor of accuracy, which information is important on 
a practical level since, if one characteristic is a sufficiently 
strong predictor, it can be used as an index of icon usabil-
ity; (2) to examine the extent to which each characteristic 
predicted unique variance in accuracy scores across trials 
and the extent to which the characteristics overlapped in 
the variance they explained; and (3) to examine the com-
bined predictive power of the variables considered.

Table 4 shows the results of these analyses: the per-
centage of variance explained when each covariate was 
entered first into the regression equation (the extent to 
which each predicted accuracy scores), the percentage of 
unique variance predicted after the other covariates had 
been considered, and the total percentage of the variance 
in accuracy scores predicted by the combination of all the 
variables considered. Semantic distance was the strongest 
predictor of accuracy in the first block of trials as the par-

Table 4 
Percentage of Variance Explained and Unique Variance Explained by  

Each Icon Characteristic and the Total Percentage of Variance  
Explained by All Characteristics Considered

Block

  1  2  3  4  5  6  7

Accuracy
Semantic Distance
 % Variance explained 53.9** 38.9** 18.3** 19.2** 8.8** 18.2** 8.5**

 % Unique variance explained 24.2** 12.3** 2.1 6.0* 0.7 2.6 0.0
Function Familiarity
 % Variance explained 37.5** 40.6** 36.1** 20.2** 19.7** 32.3** 32.0**

 % Unique variance explained 7.9** 14.0** 19.9** 7.0* 8.8** 16.8** 23.5**

Total variance explained 61.7 52.8 38.2 26.2 20.4 34.9 32.0

Response Times
Icon familiarity
 % Variance explained 18.3** 33.6** 35.3** 28.7** 19.2** 11.8** 18.5**

 % Unique variance explained 2.7 7.6** 7.9** 7.4** 2.0 0.2 1.9
Semantic Distance
 % Variance explained 54.9** 49.6** 39.0** 27.4** 30.1** 23.6** 21.1**

 % Unique variance explained 37.8** 19.5**  9.3**  5.6**  7.8**  5.2*  2.4
Function Familiarity
 % Variance explained 10.3** 25.6** 34.6** 26.2** 29.0** 29.8** 34.0**

 % Unique variance explained  1.3  0.6  4.3*  3.3  5.8**  9.9** 11.5**

Total variance explained 58.0 58.5 56.9 43.1 41.3 35.9 39.6
*p  .05. **p  .01.
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is important in early blocks of trials but that naming a 
familiar object will not always result in an accurate re-
sponse. Familiarity for both icons (Isherwood et al., 2007) 
and functions (this study) has a greater long-term effect 
in determining RTs. The most likely explanation for this 
pattern of findings is that performance is better for famil-
iar items because long-term memory representations are 
initially richer and easier to access (Lambon Ralph et al., 
1998), and this difference in the quality of the underlying 
representations remains even after repeated presentations 
(Jescheniak & Levelt, 1994). In terms of the processing 
steps outlined by Johnson et al. (1996), icon familiarity 
appears to be an index of the ease with which individuals 
can access stored visual representations (Step 2) and may 
help to drive initial semantic access (Step 3) if naming the 
object is sufficient to arrive at the correct function name. 
Although it is clear that icon and function familiarity over-
lap considerably in the variance they predict in determin-
ing ease of access to semantic representations, function 
familiarity is also implicated in later processing via its 
association with function length (Step 4). This is the result 
of Zipf ’s (1965) law for function names, where shorter 
function names tend to be used for more frequently oc-
curring items. This is very much in line with the proposal 
made by Bates et al. (2003) for frequency effects in pic-
ture naming. She and her colleagues suggested that their 
findings supported the possibility that “frequency effects 
are not restricted to the word form level. There may be at 
least two kinds of frequency variance in play: conceptual 
accessibility . . . and word form frequency” (p. 377).

Visual complexity has been most closely associated 
with Processing Step 1 (Byrne, 1993; McDougall et al., 
2006)—perception and recognition of the icon—although 
it has also been implicated in retrieval of stored visual object 
representations (Step 2; Biederman, 1987; Lloyd-Jones & 
Luckhurst, 2002). In this study, complexity was positively 
correlated with RTs in later trials (i.e., as complexity in-
creased, RTs increased), but not with accuracy. Subsidiary 
analyses showed that when complexity was entered as the 
first item in regression analyses, it explained significant, 
but modest, amounts of the variance in later blocks of tri-
als (9%–13% of the variance in Blocks 7–13). This pattern 
of findings is consonant with previous research that has 
shown that visual complexity effects are associated with 
the visual search component of the icon identification task 
(see McDougall et al., 2000) but must be treated with cau-
tion, given the flattening of the learning curve and limita-
tions on variation in later blocks of trials.

In earlier research, icon concreteness was often consid-
ered the most important characteristic to consider in icon 
design, since presenting pictorial material that individuals 
can recognize allows them to access what they know about 
those objects in order to interpret the icon. However, it was 
not a major predictor of icon identification, probably be-
cause only a limited number of functions can easily be rep-
resented pictorially (Rogers & Oborne, 1987; Stammers, 
1990; Stammers & Hoffman, 1991). For concepts that are 
more abstract, it is the closeness of the relationship between 
icon and function that is important. Because many more 
concepts can be represented abstractly, icon design needs 

The relationship between significant covariates and 
RTs for significant covariates was examined further, using 
regression analyses for each block of trials (see Table 4). 
Semantic distance was the strongest predictor of RTs in 
early blocks of trials, explaining 55% of the variance ini-
tially. The amount of variance predicted by semantic dis-
tance, icon familiarity, and function name familiarity was 
similar in later blocks of trials. The pattern of findings for 
the unique variance showed that semantic distance was 
the primary unique predictor of RTs in early blocks of tri-
als. When combined, icon and function familiarity and se-
mantic distance accounted for almost 60% of the variance 
observed in RTs in early trials and between approximately 
35% and 40% of the variance in later trials.

GENERAL DISCUSSION

Naming an object is generally thought to involve three 
types of stored representations: visual, semantic, and lexi-
cal representations. Each form of representation is usu-
ally associated with a series of processing steps or stages. 
Johnson et al.’s (1996) theory is typical of this approach. 
The processing steps that they delineate are (1) search and 
perception of the icon (i.e., access to and computation of a 
visual representation of the object from the visual image), 
(2) retrieval of a matching representation (i.e., access to 
stored visual representations), (3) activation of semantic 
information (i.e., access to conceptual and functional in-
formation associated with the object), and (4) access to 
the function, or name, via referential connections. The 
findings from our study will now be discussed with refer-
ence to this theoretical model.

Our study shows that the stimulus characteristics that are 
most important in predicting icon identification change as 
icon–function relationships are learned and present a more 
dynamic picture than is typically the case for picture nam-
ing, where names tend to be overlearned. In line with our 
expectations, semantic distance was the primary predictor 
of both accuracy and RT during early learning trials when 
participants were building connections between icons and 
their functions, whereas other predictors became impor-
tant as learning progressed. Johnson et al. (1996) argued 
that the formation of strong referential links between vi-
sual (icon) and verbal (function) was an important predic-
tor of the accuracy and time taken to name pictures. What 
seems most likely is that semantic distance is an index 
of the closeness and efficacy of the connections between 
visual, semantic, and lexical representations.

Function, rather than icon, familiarity predicted unique 
variance in the participants’ identification accuracy 
throughout the learning trials and, after initial blocks of 
trials, was the most important predictor of accuracy. For 
RTs, icon familiarity predicted unique variance in early 
learning trials, and this is similar to findings from previ-
ous research (Isherwood et al., 2007). Isherwood et al. at-
tributed this to participants’ ability to use their familiarity 
with items depicted in the icon in order to ascertain its 
meaning. In this study, function familiarity became the 
more important determinant of RTs in later trials. These 
findings suggest that familiarity with what is in the graphic 
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obtained for icons. However, it would be possible to cre-
ate new icon sets and vary the time at which icons in the 
set were introduced (and therefore acquired) over a series 
of learning trials (see Izura & Ellis, 2002, for the use of 
such an approach with words). This approach would have 
the advantage of being able to hold other “nuisance” vari-
ables constant, such as frequency and familiarity, which 
are commonly correlated with age of acquisition.

CONCLUSIONS

It is at least as important to consider predictors of icon 
identification as picture naming because icons are used 
so commonly nowadays in public spaces, on vehicles, on 
machinery, and on computers. Furthermore, it has impor-
tant practical implications, since it informs icon design. 
We have drawn attention to the need to consider the na-
ture and characteristics of the function and the goodness 
of fit between the function and what is depicted in the icon. 
Highlighting the role of the function label is particularly 
important, since this, to our knowledge, has received little 
research attention to date. We have also sought to provide 
a more theoretically driven view of the processing involved 
in icon identification, since this has previously been largely 
ignored by researchers who have primarily been driven to 
find out “what works” to determine icon usability.
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