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Abstract 

The linguistic representation of time or tense is based 

upon a spatialmetaphor: timeis apathor trajectory. This 

metaphor has analogies in computer interface design in 

graphics such as feedback indicators, buttons and applica- 

tion windows that represent their current availability, 

icons that contain arrows to represent screenmovements, 

andicons used to help users temporally orient themselves 

within aninterface. It is generally agreed that the success 

of graphical user interfaces is hasedupon their ability 

to provide appropriate conceptual models for enabling 

human-computer action. One important model for such 

interactionis for time, which incorporates notions of change 

and movement. To describe how time is representedin 

computer interfaces, the paper makes comparisons to the 

structure of tense in both spokenlanguage andin the sign 

language of the deaf, and also looks at the impact of the 

structure of writing on representations of time. It is argued 

that visual representations of time help computer users 

by providing information about the length of time for a 

process to complete; the functions that are availahlenow 

versus those usedin the past or ones available in the future; 

how to move through a set of data; how an object on screen 

canmove; and for some applications, the time order in 

which data has been received or used, or the order in which 

operations were or are to he performed. 

MarilynMiteheUis Assistant Professor of Communication at Band 

University in Australia. Prim tomoving to academia, sheworked as 

anihrmat io l l  developer alldsysterns engineer for IBM. Her doctoral 

researchinvolvedhow tilne is representedgraphically in devices such as 

clocks, timers and calendars, andaisa ingraphics such as timelines. 

Formerly a Professor of Psychalogyandmorerccentiy graphic arts,Peter van 

sommersis now abotaCcalphotographer and fine art printer a is research 

interests are in the lleuropsychoiogy of art production andimagery He anthored 

Drawingand Cognition (Cambridge University Press) inwhich he emlored 

the complexvariables involvedin the productionof diawingand writing. 



Introduction 

A fundamental representation in language is for time or 
tense, which appears inevery spoken sentence to identify 
when an event happened, how it generally happens, how 
it might happen and so on. Many studies across many 
languages have noted that the deep structure of tense is 
basedupon a spatial metaphor: time is apath or trajectory 
(Clark, 1973; Traugott, 1975; Lakoff andJohnson, 1980, 
1999; Nunez andsweetser, 2006). 

This structure of tense has direct analogies ingraphics 

that represent time directly, such as clocks and calendars, 
andin graphics that represent time as a secondary con- 
struct, such as family trees or process diagrams. Tense is 
also present in the interfaces of computer applications and 
web pages in the designs of graphics that provide feed- 
back regarding computing processes (e.g., progress bars 

), in buttons and application windows that visually 
indicate their state of availability (e.g., inMicrosoft Word 
2000, there are visual markers that differentiate between 
icons that are active now, for example '$! andicons that 
were or could be active at other times, for example 3i), 
in icons such as arrows that directly represent computer 
movements or actions (e.g., i C  represents the action of 
indenting text inMicrosoft Word 2000) andinicons and 
text that help users ient themselves temporally in 
the interface (e.g., in Windows Explorer represents 
possible movemen ough web pages). There are also 
avariety of icons and feedback indicators that represent 
time using images of clocks, sundials and other time-mea 
surement tools (e.g., the history icon in Windows Explorer 
@ and the coffee cup, the hourglass and the rotating radial 
lines that appear onMacintosh screens). Tense is also 
present in some arrangements of information on the screen 
such as the history of user actions in Adobe Photoshop. 

The aimof this paper is to provide descriptions of visual 
representations of time in computer graphical user inter- 
faces (GUIs). The paper considers these representations 
from a linguistic framework following Clark's (1996) 
pragmatic approach. Clark defines languages as signals, 
which are deliberate actions made by one person to mean 
something for another person. To this analysis, the paper 
also brings a cognitive perspective since according to Nuvts 
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, ~ I i n  of  (2004, p. 135). "an adequate account of languageingeneral, 
iiriis paper. i h  or of any linguistic phenomenoninparticular, has to focus 
to provide on boththe communicative functional and cognitive 
drscr-ipiio~rs dimensions simultaneously in anintegrative way!' 
o f v i s ~ a l  Our aim is to build a description of functional rep- 
reprcscnk- resentations of time in GUIs that could be useful in the 
tions i~fiiirle design process. We have previously built a taxonomy of 
i n  computer visual representations of time in clocks, timers and still 
graphical representations of time (Mitchell, zoob), and this research 
user inter- builds on that taxonomy with descriptions of the animated 
faces (GlITs). representations of time that are found in GUIs. For spoken 
'i'iie paper and signedlanguages, researchers are building evermore 
consid- detailed descriptions of the representation of time, with 
crs t l~csc aims of capturing the richvariety of ways in which people 
repreei~iia- represent their experiences of the world, for attempting 
tioni from to determine what motivates these representations, to 
a 1 1 1 1 i t i  establish whether there are common motivations among 
irainework cultures for these representations and for using this 
i oliowing knowledge to generally improve communication. We have 
Clark's the same aims as these researchers. While we do not wish 

(1qc)b) to imply that verbal and visual communication serve the 
pwgmai ic same communication functions or are built upon the same 
appuoacii. cognitive models, we believe that the detailed models 
Ciark riefinci provided in language provide auseful starting base for 
h~gnages understanding the models invisuals. 
3s ~signa,k. As a background to this analysis of the visual structure 
which art. of time in GUIs, this paper first presents a generalpsycho- 
deliberate logical definition of the term time, and then discusses the 
actions in,icIc types of time that appear to be of use to computer users as 
hy one per- evidenced by visual representations of time in computer 
0 1  t I interfaces. Next, the paper looks at the structure of tense 
somel-lying in both spoken language andin the signlanguage of the 
or t l  deaf. Then, the paper considers the impact of writing on 
person. lo time-related graphics since there is a known correlation 
t l  ~ i l y s i s  between strategies of writing and the perception of time 011 
ilic paper two-dimensional surfaces (Lieblich, Ninio and Kugelmass, 
also brings 1975; Kugelmass andLieblich, 1970; van Sommers, 1984; 
;I cognitive Zwann in Winn, 1994). Finally, comparisons are made 
perspec- between computer icons that directly represent move- 
tik~e sinw ment and comic-style illustrations of signlanguage of the 
according lo deaf such as foundin signlanguage dictionaries. We have 
h:uyts chosen illustrations of signlanguage of the deaf as models 
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for comparison because there is an existing taxonomy 
provided by Stokoe (1960) of the features of this language 
to which we can bring an analysis of the representation of 
movement. 

Many of the examples in this paper come fromMicro- 
soft and Adobe products since they are familiar to most 
computer users, have been tested widely, have beenused 
successfully for many years and are readily available for 
analysis. Other examples come fromvarious web sites and 
utilities. 

i ii..:ii: 

Types of visual representations of time that appear in 

GUls 

While time is not something that can be directly seen, 
smelled, tasted, touched or heard, it is something that 
as the psychologist Fraisse (1984) has noted, we perceive 
through changes in the worldand the duration between 
changes. To effectively communicate about the many and 
varied perceptions of time, people have developed a broad 
array of representatioilal frameworks. As stated earlier, 
these include devices that represent time in aprimary way, 
such as clocks, timers, calendars andplanners, and devices 
that represent time as a secondary construct suchas time- 
lines, family trees and process diagrams. Each framework 
was developed to meet particular human needs regarding 
time. ,>fi< ;;: 

In looking at computer interfaces, there are particular v., a . w . * ,  .". 
time-related graphics that assist with human-computer 
interaction. The ones that we have noted and will discuss 
in this paper are as follows: 

Animated progress bars: These visuals represent the 
relative amount of completion over time of arequested 
computer action. The purpose of these bars is to show 
users that the computer is actively processing arequest 
(and is not stalled) and are recommended for any process 
that takes longer than five seconds (Galitz, 1994). They 
also help users estimate how long aprocess will take. 
* Icons and windows tha t  visuolly represent their current s t a t e  

of activity: These visuals assist users by marking the func- 
tions that are currently selected andin operation on the 5: ,,. 

a , < > % '  ,,. 

screen so that users can find them more easily. ' ,, ,,\,!',. 

8 Icons that  contain arrows that  directly represent computer 



(aridis not 
stalled) and 
;ire recoin- 

iirer-idcd lor 
any process 
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tGa1ii-z. 

19943 
'i'iiry also 
help risers 
estimate 
lrowlong a 
process will 
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0 Icons and 

windows that 

visually rep- 

resent their 

cunent state 

of activity: 

' i hesc  visur- 

ali assist 
wers by 
marking the 
ftmctions 

tlicii~mori- 
easily. 
o Ico17s 

that contain 

orrows that 

directly 

represent 

movements or actions: These icons are a type of process 
diagram that contain only one movement. They help users 
by providing a concrete representation of a particular 
computer action. 

VCR-style icons: These icons help users to orient them- 
selves in an interface. 

We will also discuss some time-related arrangements of 
information in GUIs. 

The linguistic representation of time 

As mentioned earlier, time in language is represented 
primarily through spatialmetaphors. The two most com- 
monly foundin languages around the world are referred to 
as the moving-ego andstationary-ego metaphors of time 
(Clark, 1973; Traugott, 1975; Nunez and Sweetser, 2006). 
In these metaphors, speakers standin thepresent. They see 
the future ahead of them and have the past at their backs. In 
every sentence they speak, there is at least animplication 
of now, which is their current positionupon the path, and 
then, which points to the location of the event that they 
are discussing. In the moving-ego metaphor, speakers 
walk along the path of time whereas in the stationary-ego 
metaphor, speakers stand still while time flows past them. 
Figure 1 illustrates these metaphors and presents examples 
of their use. 

The path of time also appears in the signlanguage of 
the deaf, which represents time as a horizontal path that 
extends from the front of speakers towards the back. Figure 
3 shows this line of time in American Sign Language (ASL) 
and Figure 2 shows graphic representations ofthe hand- 
signs forpast,present and future. 

In an analysis of the Aymaralanguage, which is spoken 
in western Bolivia, southeastern Peru andnorthern Chile, 
the researchers Nunez and Sweetser (2006) have found a 
linguistic model of time that differs fromthose of other 
languages. In Aymara, the present is just in front of speak- 
ers, the past is further in front and the future is behind 
them. Aresearcher on Chineselanguages (Yu, 1998), has 
also reported vertical metaphors of time inwhich some 
Chinese phrases have earlier times above later times. 



, ............ ..-a '. a!:, 1 '? 
Figure I Moving-ego and stationary-egoversions of time. ,;,: ,,! ! * ,~ ~,~ 

The moving-ego version of time: 
We wolk through time 

Examples: -+ "We look forward to meeting you." 

"There are many years ahead of us." 

"I'll see you later." 

"Put that behind you." 
Past Future 
Earlier Later 
Behind In front 

The stationary-ego version of time: Examples: 
We stand still and time moves past us ' T h e  meeting has been brought 

9 forward from 4:00 to 200." 

t "Autumn has passed:' 

"The school holidays are approaching." 

Pant Future 
Front Behind 
Preceding Fallowing 

.,. , . 
Figure2 Signifor past, present and future in ASL. 02006, reproduced by permission. Source: ,,<,,,I :)!: !j,, 

http://www.Lifeprint.com &,., , , ,~ ,< 'k# . !  !!!XL 

Figure 3 The timeline in American 

Sign Language (ASLI. (Adapted from 
Frishbeigand Cough, 1973.) 

Past Present Future 



iouihcdder n Considering all of these representations together, Nunez 
and Sweetser (2006) have suggested amodel of tense that 
is based upon reference points rather thanmovement. 
The commonalities among these representations are 
that time is a unidirectional line, that the position of the 
speaker marks the position of the present and that the 
future and the past lie on opposite sides of the speaker. In 
most languages of the world, however, tense is represented as 
a horizontal path and the future lies in front of speakers. 
Reference points along the line are marked in relation to 
the time of speaking. 

A description of time inlanguage is pivotal to the 
description of time in graphics since it is primarily through 
language that we derive nuances regarding time. As 
evidence consider the following graphics from a linguistic 
textbook (figure 4) .  

i ~ g  I Traugott (1975) referred to the three important subsystems 
of linguistic time, which are tense, temporal sequencing and 
aspect. Tenseindicates when events are happening, have 
happened or will happen (e.g., past simple - "I watched a 
filmlast night"; present - "I amwatching afilmright now"; 
future - "I will watch a film tonight"). Temporal sequenc- 
ingindicates how events occur relative to each another 
(e.g., "We met Mary andLee and then we watched the film 
together"). Aspect indicates how long events last, what 

reiemcller 
on i:l~iilesc Past Present Future 

1;oigir;igcs (1) x V (1) The line of time in language 

m, 1~>98)> 
( la )  " ................................... d , ..................................... , (2a) Present perfect has also 

( I  have done) 
repork! 

(2bi) V (2bi) Past simple 
VfCr Ili.dl ,, ( I  did) 

t i s  (2bii) ::::::::-:::::::: V (2bii) Past continuous 

of lime i n  ( I  wos doing) 

ivlricl! sane 
Cliineir Past Present Future 

reievani pain, 
phrases hare  mnmnmnnh, V Past perfect continuous - 
earlier iinrcs ( I  had been doing) 

ahow 121 tt". 
ti111cs. Figure4 Timelines used to  represent tense (graphics in Quirk and Greenbaum, 1973, pp. 42.45) 



. , ho~uldaries they have and how they recur (e.g., "The film ', .i ,. ~, ,,L.;,~ 

lastedfor two hoursn-fully-houndedaspect); "We started :: ! , i L  ,' 8 %  

going to that theater six years ago and have beengoing there . - ~ i  ..,.'. ! 

ever since" (hounded beginning andunbounded end); "They ::: ,:. ,r; 
watch a film every Saturday night" (regular recurrence); , a > , ,  ,,., , ~ i , , ~  

"That's just the waythings are aroundhere" (unbounded). In L:: ,., :,,%,<,, 
addition, thereis a subsystemof future tense, namely mood, X X Y . ,  ::I 

whichexpresses informationahout such things as thelikeli- :, -,g:'? 
hoodof eventsoccurriug(e.g., event Awillhappenversus i b b  , . a . a ) . -  

event Amight happen). As will he shown, tense, temporal ., . , 
~ . 0 , 8 ,  ,, 

sequencing, aspect and mood inlanguage all have analogues c!c., .!,, 
ingraphicalinterface design. ,,., ....,. .,.,.,,. ' . ~ ~ .  

As has been implied above, the past and future are . . .,,~ ... a,.,s, * .  ., 

represented asymmetrically inlanguage (Harner, 1982). , I.,vii..,, 

For example, in English, verbs are representedin their past 
tense usually by adding e d  to their present tense form. In 
contrast, to create the future form, speakers place modal 
auxiliaries before the present tense. Some examples of 
modal auxiliaries are: must, will, shall, isgoing to, could, 
might and should. The difference in the representation of 
the past and future occurs because of a fundamental fact 
about the world, which is that the past is resolved while 
the future is yet to happen and has varying amounts of 
certainty about it. The amount of certainty that speak- 
ers perceive is indicated through their choice of modal ;, .,-;,,',I 2 

auxiliary. If they perceive an event as more certain, they %a,.,,, , ,  ,.,, >,> 

will choose the modal auxiliaries isgoing to, will, shall 
andmust. If they perceive less certainty, they will choose 
among could, would or might. As will be discussed shortly, 
the sense of suchmodal auxiliaries appears in the design of 
computer interfaces. 

The visual representation of tense in GUls 

To represent tense, graphic representations must include 
. , 

the following (Mitchell, 2006, p.20): !!~,, I. :, 

1. Something that points to now (the reference point) *.. ,.,>..s,,>v , ~~ ,,.. 
2. Something that points to then(t11e timeof the event, whichcould .!, ! !-1: ! h!! 
be in the past or in the future) (.ii:,; 

3. Something that differentiates the past from the future, and ,,,.;>v,*t 
. . 

4. If anevent is predicted to happenin the future, something that 2:r'. ,\y l ;  i 
, , indicates the degree of certaintywehave over whether the future x 1 0  !-!.,# -- 

event will happen. , . > , : a , , , , O ,  
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Ib repicsen1 
tense, 
graphic 
reprcsenia- 
tions inns t 
include <he 
foliowing 
(A4itc11ell. 
zooo, p.20): 

I .  So;rellring 

that  pain?? to 

now(ihcret- 

rrencc point) 

2 ,  Somethirig 

ihaipoiiits I:, 

then ( t l i e i i m e  

of iheeveoi .  

which r.ou:d hr- 

in Llw past or 

in ihefaiure) 

past f i a r  the 

futurc, arrii 

4. !fair cverri 

is predicted 

to happcn in 

the future: 

samiitiliug 

that ii:dic,iies 

One visual representation of tense in computer interfaces 
appears in progress indicators, which clearly indicate the 
past, present and future in their designs. In the example in 
Figure 5, which represents the starting of aremote-access 
computing application, the past is clearly differentiated 
from the future by its positionin relation to the present and 
by its contrasting color. 

Progress bars also often include a digital readout of the 
amount of time left for processing and apercentage and a 
numerical summary of the amount of data that has been 
processed. One might ask why agraphical representation 
is useful for presenting the processing of data and why a 
numerical read-out of the remaining time or the amount 
of dataprocessedis not satisfactory enough. This is the 
same issue as that affecting analogue versus digital clock 
and watchfaces. Althoughboth types of representations 
indicate the time, some people select the analogue because 
of the eloquence of the spatial relationships and the 
redundancy. 

The progress bar design correlates directly to the linguistic 
representation of time as a horizontal path. Designed 
specifically for providing computer feedback, it better suits 
this need than designs based upon previous technologies 
such as circular countdown timers, which are associated 
witha6o-secondor 60-minute timeframe, or kitchen 
sandglasses associated with a 3-minute timeframe. Users 
can associate any amount of time witha progress bar. 

Sometimes in computer interfaces, reference points in 
time are creatednot through apath across, up or down a 
screen, but through visuallayers andunique marking of 
the currently active layer (figure 6). This pattern for repre- 
senting time is taken whenusers need to work withseveral 
applications or documents at the same time, there is lim- 
ited screen space or a need to conserve space. Galitz (1989) 
has noted that layered or cascaded windows (in contrast 
to tiled windows) areuseful when users need to switch 
between tasks. In this design, the specially-marked top 
layer represents thepresent andunderlying inactive layers 
represent both thepast (layers that were previously active) 
and the future (layers that could be active later). When 
considering the underlying layers from a past perspec- 
tive, the layer that is immediately beneath the top layer 
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Past Future 

Key reference : - - := Poth of time 

points: Start Now End 

Figure 5 Representation of the past, present and future in a progress ba8 
(this animated bar represents the starting of an application). 

representation of now and 
then in open appli<ations 
in Mi<raroft Windows. 



Galiiz 

(1989) Iris 

notcd t h a t  
k~yeseci o j -  

cax:aded 

windows ii11 

eonirasi to 
tiled w h -  
donsi  are 

u s c i d  w ~ e n  
ilscrs nee:! 
to s\r,iicb 

represents the one that was last used. When considering 
the underlying layers from afuture perspective, any of the 
layers could represent the future. Another technique for 
representingreference points in time is through changes 
in an object's color, background and framing (figure 7). 
Designers use this visual approach on icons to indicate 
those that are currently active, inactive or available. In 
terms of tense, the currently active icon represents the 
present and the inactive or unavailable icons represent 
either thepast or the future. A better description of tense 
in regards to these icons is now versus then. 

betwecr~ The visual representation of temporal aspect in GUls 
tasks. 1x1 this Invisual representations of time, temporal aspect (how 
ilesigo, tile long events last, what boundaries they have and how they 
ipecially recur) can be represented by different graphical starting 
markcd top and ending points and can he reflectedin agraphic's shape. 
I f  r e -  For example, in the progress bar previously discussed, 
rcserrli l he time is represented as having a definite startingpoint (the 
e n  I beginning of a solidline) and a definite ending point (the 
underlying ending of a solid line). In contrast, in the 'rotate' icon & 
i ~ c l i e  I -  of Microsoft Wordzooo, the circular line with an arrow- 
ers rcprescni head on the end indicates that the movement can continue 
both t h e  indefinitely in the same pattern (around and around). 
pust (layers 

Ihai were The visual representation of temporal sequencing in 
previously GUls 

active) and Temporal sequencing, which describes when one event 
4 he f u r  happens relative to another, can also be present in com- 
ilaycrs tirat puter iuterface design. Sequencing involves, for example, 
could bc whether one event preceded another and if so, by how 
l i e  I t  much; whether one event happened after another event; or 
W11m coil- whether the events overlappedin time. Some examples of 
sidering the  temporal sequencing inverballanguage are as follows: 
iinderlyiog . Sheis going to the library beforeshegoes to theshop. 

layers h r r i  . The boy delivered the gift the day before his friend's birthday. 

apasi per - e She'llgo to workafter shevisits her mother. 

spectin?, the He was inchicago while she was traveling toSydney. 

hyer ibai  is . After she hadopened her email, she sent notes to her friends. 

in~mc~i ia te iy  
heneath i ! l e  The key difference between tense and sequencingis that 
lop laycr tense refers to the speaker, who stands in the present and 



B Funct~on available but not selected 

e e ) 

Now Then 
(Past or Future) 

Figure7 The visual representation of tense in Microsoft Word 2000 command ikons. 

Path of time > 

I Last abject 
copied 

Poth 

Last user 
action T 

Poth of time . 
I 

First appiicatian opened 

Figure 8 Examples oftemporal requenringof past events in Microsoft Word 2000, Windows XP 
and Adobe Photoshop 6.0 



1. 2. Selebi 3. Review 4. Passengers 5. Purchase 6. Confirmation 
I-.)- ........... . . . . .  ......... . . . . . .................... ........... ...: 

Poth of time 

Path of time 

Figure 9 Examplesof temporai requenringfor events that couid happen at any time 

in the Qantas Airliner Internet flight selector (http://wwwqantas.com.au/regions/do/ 

dyn/QuickSearch) and the Miriasoft Ward2000 Resume Wizard. 

Direction of time 

Past Future 

Figure 10 The relationship between writing diredion and the flaw of time on the screen in cultures 

that read from left to right. 



points at times in the past and future, while sequencing i,nci:ig, 
attaches events to one another intime. Temporal sequencing 
appears in a graphic when the graphic represents more 
than one event. Temporal sequencing of visual informa- 
tion can be helpful innumerous ways: It can help users to 
locate information such as emailnotes, data files and the 
last application window that they opened; it can help users 
undo the entries that they made to afile up to a certain 
point in time (e.g., the 'undo' command inMicrosoft 
Word 2000 and the 'history' list in Adobe Photoshop both 
provide this assistance); andit canhelp users see all of 
the steps they need to perform to complete a task. Figure 
8 presents exanlples of temporal sequencing of past events 
and Figure 9 presents examples of temporal sequencing of 
eventsthat occur inthe same way allof the time. A discus- 
sion regarding horizontal and vertical sequencing and the 
reference points for starting a sequence is exploredinmore 
detailin the next section. 

Effects of writing on the path of time 
As stated earlier, not only does language itself affect how 
time and movement are graphically represented, so does 
the direction of writing on two-dimemiom1 surfaces. 
Zwaan (as citedin Winn, 1994) found that people gener- 
ally perceive the flow of time across apage to match the 
directionin which they read. He based this finding upon 
researchconductedwithDutchandIsraeli subjects. The 
Dutch subjects, who read fromleft to right, associated the 
left sides of pages with the concepts of 'proximity: 'past' 
and 'self: while the Israeli subjects, who readfromright to .. a.8 a 

left, associatedthese concepts with the right sides. Other ..<: . ,., a #  8 .. 

research having similar results is reported by Kugelmass 
and Lieblich (1970; 1979) and Lieblich, Ninio andKugel- 
mass (1975). The same correlation applies to text on a 
computer screen (see figure lo). 

In this paper, we argue that for carefully-made drawings 
that represent movement towards the future, illustrators 
will deliberately turn objects so that they face the future 
(that is, the right side of the page or screen). As an example, 
refer back to Figure 2 ,  whichillustrated the timeline in sign 
language (with the future on the right), with a person's 
profile oriented towards the right. This argument regarding 



Figure11 Most right-handed people begin drawings on the left and face objeits in profile towards the 

left (van Sommers. 1984). 

An animated document flies from the left to the right of a panel to 
represent time passing (in Microsoft Outlook Web Access) 

Figure 12 Visuals of computer processing activities aiso takeadvantageof the left-to-right path of 
writingand itsassociation to thef lowofi ime.  

Icon oriented to the left1 1Start 

Figure 13 Example of a progress barfor Arab speakers. 



facings and time is baseduponresearch by van Sommers 
(1984) who studied both the direction of facing of objects 
drawn in profile and the place within an object where 
people begin drawing the object. Van Sommers found that 
when asked to draw a face in profile, most right-handed 
people will orient the face towards the left and will begin 
drawing it on the left (figure 11). He found the same to be 
true of many other objects drawn in profile. 

Van Soinmers found that the direction of facing and the 
startingposition of a drawing are basedultimately upon 
preferred finger and wrist movements. Therefore, when 
illustrators orient a face towards the right in the context of 
avisual representation of time as the illustrator of Figure 2 

did, they are overriding these production constraints and 
are motivatedto do so by the orientationof time on the 
page. (More detail regarding preferred movements of the 
fingers and wrist while writing aud drawing is available in 
vanSommers, 1991.) 

The orientation of objects to reflect the path of time 
on the page is seen in many computer-interface designs, 
for example in the progress bars shown earlier. Another 
example is shownin Figure 12, which represents a document 
being downloaded from the world-wide web to a folder on 
the user's computer. 

For cultures that read from right to left, time-related 
graphics such as progress bars should be oriented from 
right to left as in Figure 13. The design shown, however, 
still contains text in English, which is obviously not ideal 
for Arabic readers. 

Since many computer users in Arabic-speaking countries 
have learned to use interfaces that are writtenin English, , , ,-, . 
it is probably prudent (and good practice) for designers to 
conduct research on their Arabic audiences before making 
any final design choices. For example, one Bahraini infor- 
mant told us that althoughEnglishis his secondlanguage, 
he learned to use the computer in English and would find 
this right-to-left progress bar annoying. , , 

To examine the visual perspective that people take of 
time on the page, van Sommers (1984) asked people to 
imagine or depict themselves on a horizontal timeline . . . I  "L.II 0 1  9 

across a page. All of the subjects placed themselves 
inside-on perspective on the far left of the timeline. None 
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provided a top-down or map-like perspective. Van Som- 
mers suggested that they represented themselves side-on 
since they see time as one-dimensional and a side-onrep- 
resentation provided the best and simplest view of them- 
selves in time. He further noted that a two-dimensional 
map-like time perspective is a special-purpose device. 

Let us now consider some vertical arrangements. Time 
is sometimes represented along the vertical, but some- 
times it is represented as moving up the page (as in many 
evolutionary-tree diagrams) and sometimes down the 
page (as inmany family trees). To understand how people 
conceptualize time along the vertical, van Sommers (1984) 
askedpeople to place themselves in aplanview along a 
vertical path. Some people drew themselves travelingup 
the page, some drew themselves traveling down and some 
represented the arrow of time traveling hothup and down. 
Van Sommers proposed that the representations were 
inconsistent because the vertical plan view is not a natural 
way for people to represent time and the subjects faced 
various contradictions. 

These contradictions are that different types of vertical 
representations of time are hasedupon different visual 
structures. When amodelfollows the vertical pattern that 
is set up by reading, time should start at the top of the page 
and flow down. When a model follows the pattern created 
by a Cartesian-grid, time should begin at the bottom of the 
page and flow up. When the model is of walking forward or 
into a pagelike this a, the path of time will flow up from 
the bottom of the page. Often, time flows up the page for 
pragmatic reasons. For example, when email notes are 
represented on the page, it is more useful to have the most 
current or last received note at the top of the page where 
reading begins. 

The representation of movement within icons 

It is useful for designers of computer-support icons to 
understand the visual principles that underlie comic-style 
representations of sign language since like computer- 
support icons, drawings of signlanguages are designed 
primarily to be functional. In addition, these drawings 
provide excellent models for many types of functional 
images since signlanguage itself is considered by many 
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Tine repre- to be difficult to draw (Bailey and Dolby, 2002) and 
n of illustrators take great care to make the illustrations easy 
nt to understand. Further, comic-style representations 

in icons of sign language are drawn to be concrete (that is, to 
11: is use- represent body movements directly) and the most useful 
h i  for computer-support icons are considered to he those that 
designers of provide direct representations of screen actions. Although 
cor~ipukr-  some applications use icons to represent the most abstract 
su)>por t commands, Mullet and Sano (1995, p. 202) have recom- 
icons to mended that icons be reserved for those actions that allow 
liricier~larrd users to directly act upon screen information. They have 
ilie visrial argued that more abstract commands should be placed 
principles as words in menus and "the visible portion of the display 
tliA rriiiieriie [should he reserved] for important tools and direct access 

to properties with aninherently spatial character!' For all 
of these reasons, principles for creating comic-style rep- 
resentations of sign language are important and relevant 
for computer-support icons. 

As anintroduction to the visual representation of move- 
ment insignlanguage, the next few paragraphs describe 
the visual parameters of sign language as provided by 
Stokoe (1960). He ohservedthat thelanguage was formed 
by handshapes, body locations, paths of movement of 
the hands, palm orientation and sometimes non-manual 
features such as those found inmovements of the mouth, 
brows, shoulders, head and body. Friedman (1977) has 
listedforty-one different handshapes and these are 
presented in Figure 14. From a graphical point of view, 
these handshapes must be drawnin their best view with 
particular attentionto the visibility of curvedor clenched 
fingers so that they are easilyrecognizable. Like handshapes, 
the objects chosenfor computer icons must also be drawn 
in their canonical position for ease of recognition. 

Some meanings are created simply by a single handshape, 
but many are createdby the placement of aparticular 
handshape against aparticular location of the body. Parts 
of the body other than hands are included in an illustration 
usually only when the location at which a sign is made 
effects the sign's meaning. For example, the motions for 
the signs summer, ugly and dry are identicalexcept for the 
location across the face at which they are made (see figure 
I S ) .  Different researchers have noted different numbers 
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Figure 15 The same handshape made a t  different locations an the body can create different meanings. 
, I I , ' 

(Reprinted by permission o f the  publisher from Thesigns of Language, Edward K ima and Ursula Bellugi, .:LL 6 a s < , ,  

p.42, Cambridge, MA: Harvard University Press. 01979 by President and Fellows of Harvard College.) , ,...,.~,~ ,.. , a ,  ,.,,. .., 

MULTIPLY(x) LOOK(AT), WATCH 

N =Neutral barkground 

P =Particular background 

I =in i t ia l  position 

T =Terminal parition 

01 =orientation 1 

02= Orientation 2 

HAVE, HAS, HAD 

HELLO, HI 

Figure 16 Typiiai iomporit ionr in sign language. (ASLgraphiisfrom Terry, Witherell and O'Connor, 1998. ,.,a,. , , ,  s,,'. . . . . , . . , , 
Figure bared upon Mitchell, 2006.1 

, <  ,,,,, . , ~  >:,<. . , . .,. 
, #?i!!l>:v,. 
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of distinct signing locations on the body: Corina (1990) 
listed thirty-six, while Johnson andLiddell(1988) found 
fifty-six. 

Incomposition, thefollowiug differences are typicalin 
sign language. Some illustrations contain only a handshape, 
some show a handshape drawn against a particular location, 
some show a handshape and a line with arrowhead that 
represents the path of movement, some showtheinitial and 
the terminalpositions of handshapes, some showthe initial 
and terminal handshapes in different orientations against 
particular locations withaline andarrowhead. Some show 
just the initial or terminal position with an arrow. 
Figure 16 illustrates these different compositions. Similar 
compositions and some others that are related to time are 
found in computer-support icons as showuin Figure 17. 

At least two explanations can be provided as to why both 
the initial and terminal handshapes are drawn in a single 
image. First, both are drawn when the handshape is 
different in eachphase, aud second when the orientation of 
the handshape is different in eachphase. Among the corn- , ., ' 1 . 1  8. - 
puter icons showninFigure 17, the 'rotateleft'iconis the :!!,l!G 
only one that represents both the initial and final position a .. . o : 6  

of an object. In this case, the icon's purpose is to indicate 
that the orientation of the object changes when the iconis 
selected and so both positions are shown. 

Sometimes when illustrators draw both the initial and 
terminal handshapes, they may draw the handshapes 
in different ways. Typically, one of the representations 
will be less detailed than the other. Such a difference in 
representation is helpful since if the handshapes overlap, 
the different drawing styles will allow the shapes to be 
clearly differentiatedfrom one another. The difference in 
representationis also helpfulbecause it provides visual 
redundancy and also because showing each handshape 
differently is analogous to the linguistic model of time in 
which the past and future are marked differently. Among 
the computer-support icons shown, the 'rotate left' icon 
represents the initial and terminal positions differently, 
with the initial presented as outlined (less detail) and the 
terminal as solid. 

, , ! , . ,  / . 1 Since many lines with arrowheads appear in the , . .  . 
,. , 

Microsoft Word zooo interface, they are represented . , ,,a(. . 
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'111~. di i- differently to differentiate among their various functions. 
e n  e I The simplest arrowhead designis A (or r )  andthis design 
represent:: - is usedmore frequently on the screen than any other style 
iion i\  of arrowhead. Its functionis to move application-related 
anaiogous lo information. In its smaller size, it opens small drop-down 
the liiipiiis- windows andinits larger sizeit assistsusers in scrolling 
tic vnodci through files; sometimes a shift through 90 degrees codes 
of i i r r ie i r i  for thelisting of contents of afile. For example, the down- 
h i  I wardpointing arrowhead r points to the revealed content. 
past :urd Color occasionally helps to differentiate among the 
f~~?ur.e x e  arrowheads withlines. Not only are different colors used, 
ii~arkeci but for some icons, the colors carry meaning, for example 
diifcrcn tly. as in the green arrows on the refresh icon, which requests 
Among i k c  the computer to check for updates to the screen. (Reading 
c:omputer- patterns for icons that consist primarily of arrowheads are 
support discussed in the next section.) 
/COIIS Klima and Bellugi (1979) have studied how temporal 
shilwii, aspect is represented in sign language. As mentioned 
t i  I earlier, aspect indicates an event's boundaries, such as 
lell' icon whenit began and ended or whether it is always occurring, 
rqxese~nts or whether it occurred all of a sudden. One type of aspect, 
the init ial which refers to a lengthy event, is indicated with repeated 
and izrinhal hand movements and is graphically represented with 
i t  multiple movement lines with arrowheads. An example 
i t t 1  is shown in Figure 18. In computer interfaces, types of 
wii 11 tlre movement other than the norm are often represented with 
l i ~ i i i ~ l  double arrows (for an example, see figure 19). 

preseilicd 
21s outlined Arrangements of VCR-style icons 

I s  t i 1  Along the horizontal, there appear to be different possibili- 
and the ties for organizing time-related, VCR-style icons and each 
terminal as possibility may be explained by pragmatics or by the type of 
soli(:. time that a designer wishes to convey. Commonly they are 
Since lnilily arrangedso that the icons that move the data forward are 
lincs with all on the right and those that move the data backwards are 
arrowlieads on the left. Sometimes they are arranged according to the 
appear i i ~  the type of forward and backwardmotion that they provide. For 
.Micro>oH example, the icons that move avideo forward by frames are 
W i r d  2000 groupedtogether and the icons that move avideo forward 
i l  by sections are grouped together. Often, a combination of 
thi, -v are strategies is used. For example, the most commonly-used 
represeiiicd icons are grouped together on the left and those that move 
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Figure19 In Windows, doublearrowheads represent large, 
movements through a file. 
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Figure20 Arrangements of ikons in computer video players. 
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Figure21 Icons arranged aionga reverred horizontal timeline (Microsoft Outlook WebA<<essl. 



those Ilia1 forward and backwardin any way are grouped together on 
rnovetlie the right. Figure zo presents these different possibilities. 
data back- Another arrangement of arrowheads (an example of 
wards are which is shownin figure 21) is to have the most current 
on tlreleli. item on the left and the oldest item on the right. Since 
Sometimes this arrangement is areversal of the norm, it is typically 
they arc supplemented with text. Such an arrangement is useful 
I when auser needs to view first the latest item received or 
according lo the last actionperformed. This example is from the email 
the type of software Microsoft Outlook Web Access. 
fmvz~rd :md 
backward Conclusions 

mothiii The paper began with a discussion of the linguistic 
that they representationof time: timeis apathor trajectory. Using 
~.mwicle. For this model, the visual representation of time in computer 
exan~ple, tire interface design consists of aline that has a direction and 
icons th'it a key reference point. As discussed, this line may be repre- 
move avicleo sentedin the two dimensions of virtual depthin the form 
Forward by of layen or it may go across the screen. Sometimes, only a 
frames 3ue single reference point along the line is represented. Along 
grouped the horizontal, representations of time tend to follow 
ioyether and writing but may be reversedfor pragmatic reasons. Along 
the icor~s the vertical, there appears to be no particular standard for 
that inovi~ whether time travels up or down and depends upon the 
a video particular design situation. For example, when designers 
ri~rward by find that a situation requires them to follow the pattern 
sections created by writing, time will start at the top of the page. If 
are groiiped however, they think that for example, thelatest event in a 
iogethi:r, series is most important, they will graphically represent 
Often> a that event in aposition that makes it stand out or be most 
cornlinalion convenient for auser. To be useful, representations of 
of strategies time in computer interface designs must reflect people's 
is used. For conceptions of time and represent the kinds of time that 
example, people require when using a computer. 
the most 
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the let? arid 
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