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ABSTRACT

This paper describes the application of a structured method for integrating non-speech
sound into graphical interfaces. The method analyses interactions in terms of event,
status and mode information. It then categorises this information in terms of the feedback
needed to present it. This is then combined with guidelines for creating sounds 10
generate the auditory feedback required. As an example, the method is applied to a
scrollbar. This sonically-enhanced scrollbar is then experimentally evaluated to see if the
auditory enhancements are effective. The results show that the new scrollbar reduced the
time taken to perform certain tasks, it reduced the time taken to recover from errors. it
reduced mental workload and participants preferred it to the standard graphical scrollbar.
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INTRODUCTION

The combination of graphical and auditory information at the human-computer interface is a natural step forward. In
everyday life both senses combine to give us complementary information about the world. The visual system gives
us detailed data about a small area of focus whereas the auditory system provides general data from all around.
alerting us to things outside our peripheral vision. The advantages offered by the combination of these different
senses can be brought to the human-computer interface. Dannenberg & Blattner ([6]. pp xviii-xix) discuss some of
the advantages of using this approach in multimedia/multimodal computer systems:

“People communicate more effectively through multiple channels. ... Music and other sound in film or drama can
be used to communicate aspects of the plot or situation that are not verbalised by the actors. Ancient drama used a
chorus and musicians to put the action into its proper setting without interfering with the plot. Similarly, non-

speech audio messages can communicate to the computer user without interfering with an application”.

Currently, almost all information presented by computers is visual. A multimodal interface that integrated
information output to both senses could capitalise on the interdependence between them and present information in
the most efficient way possible.

How then should the information be apportioned 1o each of the senses? Sounds can do more than simply indicate
errors or supply redundant feedback for what is already available on the graphical display. They should be used to
present information that is not currently displayed (give more information) or present existing information in a more
effective way so that users can deal with it more efficiently.

Alty & McCartney [2] have begun 10 consider this problem in process control environments. They wanted to create a
multimedia process control system that would choose the appropriate modality (from those available) for presenting
information to the plant operator. A resource manager was (0 be used for this. In such a system there is much
information that must be presented and the appropriate modality may not always be available because, for example,
it is being used for other output at the same time. Alty & McCartney suggest that alternative media could then be



used. Unfortunately, at the present time there is no method for deciding which is the best way to present the
information. They say (p 10):

"...almost nothing is known about what constitutes the successful use of multiple media and modes of
communication with the user. Hence, it is extremely difficult to specify any heuristics or constraints which may
be successfully employed to drive a resource management system”,

The abilities of their resource manager were limited for this reason. Alty & McCartney suggested that further
research was needed on rules for combining media and modes before the system could operate without the system
designer specifying what modalities were needed. The research described in this paper aims to deal with some of
these issues by providing a technique that suggests where and what sound could effectively be used in the interface.

individual designers. Gaver [20, 217 has used a more principled approach, for example in the SonicFinder he used
everyday sounds in ways suggested by the natural environment. However, in an interface there are many situations
where there are no natural equivalents in the everyday world. The SonicFinder also used sound redundantly with
graphics. This proved to be effective but it is suggested here that sound can do more.

Although there have been effective systems using sound (for example, Gaver's ARKola system [22]) some have had
little success, for example Barfield, Rosenberg & Levasseur and Portigal [4, 37]. Barfield er al. carried out
experiments where they used earcons to aid navigation through a menu hierarchy. They say (p 102): “...the
following study was done to determine if using sound to represent depth within the menu structure would assist users
in recalling the level of a particular menu item”. The earcons they used were very simple, just decreasing in pitch as
a subject moved down the hierarchy. The sounds lasted half a second. They describe them thus (p 104): .. .the tones
were played with a harpsichord sound and started in the fifth octave of E corresponding 1o the main or top level of
the menu and descended through B of the fourth octave™.

These sounds did not fully exploit all the advantages offered by earcons (for example, they used neither rhythm nor
timbre and did not exploit the highly structured nature of earcons) and they did not improve user performance in the
task. If better earcons had been used then a performance increase may have been found. This work shows that there
is a need for a set of guidelines for the creation of effective earcons. If earcons are created without care then they
may be ineffective. Another reason for the lack of success of the earcons in this experiment was that they might not
have been used in the best places in the interface. There are no rules about where to use sounds, the choice is up to
individual designers and so mistakes can occur.

Portigal conducted an experiment to investigate the extraction of document structure using graphics. earcons and a
combination of both. His results showed that in the graphical and combination conditions the results were the same
but more effort was required with the combination. The purely auditory condition was the worst of all. Again, there
are two possible explanations for this. The first is that the sounds themselves might have been ineffective, the second
that they might not have been used to present the most appropriate type of information. Our aim is to help designers
avoid these problems by providing a structured method by which they can add effective sounds to their interfaces. A
method is needed to allow designers to create effective earcons and to find situations in an interface where sound
might be useful. Prior to the work described here, there was no such method. It should provide for a clear. consistent
and effective use of non-speech audio across the interface. Designers will then have a technique for identifying
where sound would be useful and for using it in a more structured way.

One question that might be asked is: Why use sound to present the extra information? A graphical method could be
used instead. The drawback with this is that it puts a greater load on the visual channel. Furthermore, sound has
certain advantages. For example, it can be heard from all around, it does not disrupt the user’s visual attention and it
can alert the user to changes very effectively. It is for these reasons that we suggest that sound be used to enhance the
user interface (for a more detailed discussion see [9] )

This paper has three parts. It first described the two components of the structured method for integrating non-speech
audio into human-computer interfaces: The analysis technique for finding where to add sound and guidelines for
creating the sounds. The next part of the paper shows the method applied to a scrollbar. Problems with the scrollbar
are identified and sounds designed to overcome them. The final part of the paper describes an experiment to test the
effectiveness of the method. It shows an experiment to test a sonically-enhanced scrollbar based on the design
described in the two previous sections.

WHERE TO USE SOUND AT THE INTERFACE



information that is hidden from the user i the interface because when information is hidden errors oceul. The
structured method deseribed identifies where hidden information exists and shows how sound can be used Lo present
iL.

Casner & Lewis [41] suggest hidden information is a problem because (p 197): “{Understanding how to usc a
computer often requires knowledge of hidden events: Things which happen as a result of users actions bul which
produce no immediate perceplible effect”. Considering the prohlems of hidden information is similar 10 the approach
taken by Blatiner, Papp & Glinert {71 when adding sound 10 computerised maps, They suggesied that information
could become hidden because of visual cluter: Oniy so much information could be displayed before the underlying
map was obscured. If additional information was to be displayed on a map, space must be allocated for it. Eventually
a saturation point will be reached where interference with the existing graphics and text cancels out any benefit from
adding more information. Blattner ef af. suggested that sound could be used to avoid these problems and make
explicit the hidden information. We suggest information may be hidden in an interlace for 2 number of reasons:

Information is not availuble: 1L may nol be available on the display due to hardware limitations such as lack of CPU
pOWer or screen Size.

Informatian is difficult 10 access: It may be available but be difficult to get al. For example, to get file size and
creation date information on the Macintosh a dialogue box must be called up.

Too much infermation: Tt can be hidden if it scrolls by too fast because the user’s visual system is overloaded. As

Blattaer ef al. (7] discussed, presenting too much information in a small area may effectively cause some of it 10 be
hidden.

Small area of visual focus: 1t can be hidden because it is outside the small area of focus of the visual system. The
user may not be looking at the right place at the right time to see what 1s displayed.

Sereen space: There is a trade-ofT between screen space and ihe salience of status information [39, 40]. Scott &
Findiay [40] showed that by increasing the amount of screen space taken up by the status information they could
decrease the time to perform an ediiing task. In their most salient feedback case 1wo complete rows of the screen
were taken up: One at the top the other at the bottom. This proved to be an effective way of communicating the status
information but at the cost of a great dea! of screen space that could otherwise have been used for user data.

Mades: A mode is a state within a system in which a ccrtain interpretation is placed on information (for example in
one mode characters typed into an edilor may appear on the screen, in another they may be interpreted as
commands}. It is often the case that the details of this interprelation are hidden from the user and mode erTors result
[41]. As Thimbleby ([44]. p 228} says: “Typically, the user finds modes difficult because much imporiant
information is hidden. perhaps {orgalien or not noticed by the user”. A much more detailed discussion of the
problems associated with modes is given below.

How can sound help with these problems? If information is hidden because of hardware limitations such as screen
size then sound could be used lo overcome this. Almost all computers have the necessary sound output hardware
built-in and for most of the time it is lying idle. Information that must be presented visually could be displayed on the
screen whilst other information could be displayed in sound, saving imporlant screcn space. If the user is overloaded
with visual informaiion then some of this could be displayed in sound as the auditory sense is under-utilised and has
spare capacity. One of the advantages of sound is that it is omni-directional, the user does not have to concentrate
his/her visual altention on any part of the screen. Sound does not take up any screen Space SO displaying slatus
information in this way leaves more space for the task the user is performing with the computer.

Hidden information also widens Norman's Gulf of Evaluation 134, 35]. Norman defines this thas ([34], p 40):

“Evaluation requires cornparing the interpretation of system stale with the original goals and intentions. One
probliem is (o determine whal the system state is, a 1ask thal can be assisted by appropriate output displays by the
system itsell.”

1f information is hidden then users may not be able o determine the state of the sysiem. Providing more information
may increase the problem if i is presented in a2 distracting way. It may make it harder o find the important
information needed amongst greater visual clutter. Presenting more and more information on the graphical display
and making the display bigger and bigger can result in overload and the user may miss information. One way 1o
overcome this is to use sound. The audilory syslem can provide the exira capacity needed without increasing the
amount displayed visually.



Action Slips

This paper deals with errors that result from hidden information. Information might be hidden by the system, as
described above, but it might also be hidden because of errors on the part of the user. Many usability errors with
interface widgets occur because of action slips [38]. This type of error oceurs with expert users who perform many
tasks automatically and do not explicitly monilor the feedback from each interaction because the task is well known.
Reason ([38]. p 8) suggests:

“Two conditions appear to be necessary for the occurrence of these slips of action: The performance of some
largely autamatic task in familiar surroundings and a marked degree of attentional capture by something other
than the job in hand™.

An example of where this type of problem might occur is when scrolling. This is a very common task when
interacting with graphical interfaces and so becomes automatic. As mentioned, a necessary condition for the
occurrence of a slip is the presence of attentional capture associated with either distraction or preoccupation. In this
case the capture would come from preoccupation with the main task being undertaken. This may be, for example, the
preparation of a paper and any scrolling is a small, subsidiary part of this. The wriler's attention will be focused on
the paper being written, not on scrofling. He/she will not monitor all of the feedback from scrolling because the task
is well known and attention is focused on the paper being written. This means that scrolling errors can oceur,

The discussion in this section has demenstrated some of the problems due 1o hidden information in the human-
computer interface. A method is therefore needed io find out where hidden information exists so that it can be made
explicit.

THE STRUCTURED METHOD FOR INTEGRATING SOUND INTO USER INTERFACES

This section describes a structured method that can be used by an interface designer. unskilled in sound design, (o
create effective sonically-enhanced interfaces. There are two components to the structured method. The first is the
analysis technique that identifies any hidden information in an interaction and so where sound should be used. The
second 1s a set of guidelines to help the designer create the sounds required (o make the hidden information explicit.
The following two sections describe each of these components,

The Event, Status and Mode (ESM} Analysis Technique

Hidden information in an interface can be found by modelling inleractions in terms of event, status and mode
information. Analysing interactions in this way was first put forward by Dix and colleagues [15, 16, 17]. A brief
description of the analysis method follows. Dix, Finlay, Abowd & Beale ({15]. p 325) describe it as an ‘engineering’
level technique. They say: “An engineering approach is built upon theoretical principles, bul does not require a deep
theoretical background on the part of the designer™. Dix’s technique is based on formal models of inleraction but the
interface designer using it does not need to know these in order to employ it cffectively. It is also built on what Dix
calls ‘naive’ psychological knowledge, which is used to predict how particuiar interface features affect the user.
These foundations make the technique powerful and easy to use. A definition of the three components of the
techaique will now be given.

Events

An event marks something that happens at a discrete point in time. Events are caused by aclions on the part of the
user (mouse clicks, button presses) or the system (mail arriving). There can be input events (mouse clicks) or output
events {a beep indicating an error). The same actions may cause different events under different circumstances. For
example, the user clicking the mouse in one window may select an icon but in another may position a cursor.

Dix suggests that there are two time points to an event: The event which occurs and the perception of ils occurring,
As Dix ([17], p 8) says: “...there may be a lag between the aciual event and the perceived event”, If an cvent occurs
and changes the status (for example, new mail arrives putting a message in the mail window) the user might not
notice straight away. The actual event is the mail arrival but it is only when he/she locks at the mail window will that
the new mail be noticed {the perceived event). In some cases there may be no perceived event, so that actual event is
missed by the user. The perceived event may be missed, for example, because the user was not looking at the right
place on the screen at the right time. An actual cvent thal does not permanently change the status of the display (for
example a screen fiash to indicale an error) will be never be perceived by the user if he/she is not looking at the
screen at the ime it occurs. There may also be a perceived cvent with no corresponding actual event: The user may
have thought he/she heard a beep from his/her computer but it actually was from someone else’s. If the event is not
perceived by the user then i1 is hidden and this can resull in errors.



Status

Dix describes slalts information as any phenomenon with a persisient value, for exarnple the location of a mouse, an
indicator. a lemperature gauge or CPU load maniior. Much of the display in a graphical interface is stalus
information. Status information is whai the user can perceive abaul {he state of the system. The state of the system 18
the complete sct of values of the internal variables and components of the system. If there is information about the
siate that is not displayed as staius ‘nformation then it wili be hidden from the user. 1f important stale information is
not displaycd in the stalus (hidden information) then errors can occur.

Events may change the staius information. An gvent such as a mouse click in a scrollbar may change the stalus
information displayed in a window because it scrolls. Another example is clicking the 'OK’ bution in a dialogue box.
This causes the box 10 disappear. changing the status of information displayed on the screen, If an event changes the
state of the sysiem then this should be reflected in the status, if it 15 nol then the hidden informalion could cause
2rrons.

The status (and event) information can be displayed, or rendered, In many different ways. for example graphically,
textually, sonically or by 2 combination of these. Earlier in this paper the problems of presenting siatus information
graphically were discussed. Scott & Findlay [40] showed that, if it was rendered graphically. much screen space had
(0 he devoted to make it poticeable. This paper suggests that rendering status information in sound 15 possible and
could overcome s0me of the problems agsociated with visual representations.

Modes

1t was decided as part of this research that modes should be added 1o exiend Dix's event and status analysis, Modes
are very closely finked to events and status (as will be shown below) and they cause S0me of the main probiems of
hidden information at the interface. Modes have been investigated cver since Tessier complained aboutl being
‘moded-in’ in 1981 §43]. However, as Sellen, Kurlenbach & Buxion report [41, 421, even now there is lintle retevant
literature in thc area.

A mode 15 2 stale within a system in which a certain interpretation 1s placed on information, For example, in one
mode characters typed into an cditor may appear o the screen, in another mode the characlers may be inlerpreted as
commands. 1t is often the case that the detatls of this inlerpretation arc hidden from the user (of perhaps forgotten due
(o overload of shori-term MmEmMOry. or not noticed because the user was not tooking at the required part of the screen).
Mode ambiguity occurs when the status does not provide enough information o -ndicate which mode the system is
in. The definition of modes can be extended to cover a sel of events and slatus information. Frohlich (reported in[!].
p 38) defines modes as: "Slales across which diflerent uscr actions can have the same effect”. In one mode a set of
user actions is possible and this causcs a particular set of events. A set of status outpuls describe the state of the
system. In another mode the samc set of user actions may cause different events and there will be different status
fecdback. Indeed, a different mode might have a completely different set of user actions. For example, ina
wordprocessor, keystrokes might cause characlers to be displayed on the screen. The window and the text it displays
provide status - nformation about being in wordprocessor mode. 1T the user switches (o2 drawing package, the sel of
lcgal user actions might change {0 MOUSE clicks and drags. Status information would change 10 reflect the new mode.
There would be the graphics displayed in the window. a tool palete and the window itsell might be in a different
place on the screen. Therefore, a mode groups 2 set of events and status informaticn.

johnson [26] and Johason & Englebeck {27] say that there is no aenerally agreed deflinition of mode. The definition
given above 18 useful for the purposes of this paper but is not the only one. One of the most general Johnson
describes thus (p 424y, *...a system has modes {i.e. 1s moded) if the effect of a given user-aclion is not always the
same”. His definition fits well with the evenl and status analysis as user actions cause events and these events have
different effects depending on the mode. Sellen et al. say (p 143)

“1t is not clear that we can ever hope 10 completely eliminate the problems associated with modes, but it centainly
seems possible 0 reduce them. One obvious solution seems to be Lo give users more salient feedback on sysiem
state”.

If the user was given more status feedback then he/she would be Jess likely to misclassify a situation and the effects
of mode ambiguily would be reduced. The consequences of MOost mode errors at the wuman-computer interface are
only minor inconveniences which are usually easily reversible. However, errors in more complex syslems, such as
ajrcralt or nuclear power plants. can have much more serious consequences so their prevention is jmportant. Errors
are not the only problem {hat can occur due 10 mode ambiguity. As Sellen ef al. suggest (p 143):

“Ip some Cases, the user may diagnase the cormest mode, but only after expericncing confusion OF uncertainty. In
cuch cases. the appropriate measure is in terms of the cognitive effort of decision time required L0 deduce 1he
system slate”.



These types of problems are important (o consider as solving them would speed up user operation of systems and
reduce frustration. I was therefore decided that modes should be included in the event and siatus analysis 5o that
they could be examined in detail.

Characterisation of the Feedback

Dix’s analysis technique finishes when the event and status information has been identified. It shows where errors
oceur because of incorrect event and status feedback hut does nol suggest what feedback is needed to correct the
problems found. If his technique is (0 be used as part of a structured method for integrating sound into human-
computer inlerfaces then it must connect to guidelines for sound design. Dix's work is extended here so that when
the event, status and mode information has been extracted it js characterised in terms of the feedback needed to
present it. The sound guidelines can then be used with this characterisation 1o design the audilory feedback
necessary, The characterisation described here is based around that of Scllen. Kurtenhach & Buxton [41, 42], The
following sections describe the three of Selten’s dimensions we used plus a fourth, added as part of this research. As
well as describing the dimensions, they are discussed in terms of the event, stalus and mode analysis (a more detajled
discussion is provided in Brewster [9n.

Action-dependent versus action-independent feedback

Does the feedback depend on a user ar systern action taking place? Events are action dependent; an action on the part
of the user or the System must occur for an event to take place. For example, the user clicks the mouse button and
this causes an evenl such as selecting an icon. Feedback s only given when the event oceurs. Status feedback,
however, is action-independent. It continues whether there are actions or not, Status may be changed hy events but ir
continues independently of them. For example. an event may cause a dialogue box to be displayed. The status
feedback from this will continue until the user presses the OK button regardless of whether the user moves the mouse
or presses keys on the keyboard. Modes, like status. are initialed by events and continue until a further cvent changes
the sysiem to a different mode. For sound feedback. action-dependent delivery would mean sound occurred when
some action look place. An example 1s Monk's keying-conlingent sound [31). In an experiment, he associated
different sounds to. keysiroke events to indicate which mode a system was in. Action-independent delivery would
mean that feedback was given without an action laking place, for example a constant background tone when in a
particular mode,

Transient versus sustained feedbaci

Is the feedback sustained throughout a particular mode? Events are transient, they occur at momentary, discrete
points. Transient delivery is therefore useful for presenting event information. For example, a short beep to indicate
an error. Events are atomie: They cannot be interrupted. Stasus information continues over time so suslained
presemation is needed. For example, a window on the screen displaying the contents of a document is sustained.
Sustained sounds can be habitualed by listeners [14], the user does not aclively have to listen to the sound. The soumnd
will be perceived again only when it changes in some way {when an event occurs) or if the user consciousiy chooses
to listen to it. Status information is non-atomic: Actions and cvents can take place whilsi the status informatian is
presented, Modes may be sustained or transient. A mode might last for a long time (like the window) and be
sustained or for a short time (a screen button press) and be transjent, Modes may be atomic or non-atomje,

Demanding versus avoidable feedback

Can the user avoid perceiving the feedback? Events should be demanding as they mark important oceurrences in the
system. The classic example of this in the interface is a demanding beep 1o indicate an errar evenl. The user needs (o
know that an error has oceurred. Status information should be avoidable. It exists over the time and users should be
able 1o choose 1o sample it only if they want to. For example, the data in a window on the sereen should be
avoidable. The user can look al the window if required but should not be forced to sec it all the time. This is not
always the case as the user may not be interested in some events (for example, the arrival of some types of junk
email} and may not want to miss some types of status information (Tor example, an alarm). Modes should be
demanding. Often feedback from a mode is avojdahle {when it is there a1 all), the user does not chserve that he/she is
in the mode and mode errors can then occur,

This aspect of the calegorisation can capture the urgency of the information to be presented. The work by Edwarthy
and colleagues [18. 19] can be used o make sounds demanding (more urgent) or avoidable (less urgent} as required.
As discussed above and by Scott ez al. {39, 40). presenting information visually so that i is demanding can take up
much screen space. Presenting demanding information in sound is easier {0 do as sound is, by its nature, attention
grabbing.



Static versus dynamic feedback

Does the feedback change whilst it is being presented? This extra dimension of fecdback was added as part of this
rescarch because it was not captured by Selien et al.’s ciassification. Events are static; they only occur for a moment
of time and indicate that onc particular thing has happened. Status information can be static. for example a window
onto a file directory. of dynamic and change over time. for example a CPU load indicator. Animazted icons {3} are an
example of dypamic status feedback. These change 1o capture the user’s attention or to give information about their
state over lime. One other cxammple is metawidgers [23]. In this system, widgets may move 10 the edges of screcn of
their own accord if they are not used for a period of ime. Modes are static; they do not change thejr meaning whilst
they arc presented. Sound can be static or dynamic, for example a constant tone i static and music is dynamic.

The feedback from each of these calegories is not necessarily independent. For example. dynamic visual feedback is
more demanding than static fecdback because the user's eye is drawn 1o the changing stimulus. In the same way
demanding audio feedback captures atention. In order to create demanding feedback a high volume, static sound
could be used or, aiternativety. a lower volume, dynamic sound. The latter casc would be less annoying for other
users nearby but just as demanding for the primary user. Therefore, a demanding sound couid be created that was
both atlention-grabbing for the primary user bui not annoying for other users at the same time.

This categorisation converls the 1aw tidden information from the event, slatus and mode analysis into 2 siructured
form which can then be converted into sound. Once the categorisation has been used the designer will be able to
create sounds to represent the hidden information. The results from the analysis could be used to improve the
graphical feedback from interactions to overcome the problems of hidden information. However, this paper suggesls
that this would clutter the interface further and overload the visual syslem.

Earcon Guidelines

Along with the analysis technigue to find out where sound should be added there is a second part to the structured
method for integrating sound into human compuier interfaces. This is a set of guidelines derived from experimental
investigations into structured audio messages called earcons [11. 12, 13]. Earcons are abstract. synthetic tones that
can be used in structured combinations to creatc sound messages 10 represent parts of an interface [8]. The main
poinis addressed by the guidelines are:

Timbre: Use musical instrument timbres. Where possible use timbres with multiple harmonics as this helps
perception and can avoid masking. Timbres that are subjectively easy 10 tell apart shouid be used. For example, on a
musical instrument synlhesiser use ‘brass’ and ‘organ’ rather than ‘brass]’ and ‘brass2’. However, instrumenis that
sound different in real life may not when played on a synthesiser, s0 care should be taken when choosing Limbres.
Using multiple timbres per carcon may confer advantages when using compound earcons. Using the samc timbres
for similar things and different limbres for other things helps with differentiation of sounds when playing in parallel.

Register: 1f listencrs are 1o make absolute judgements of earcons then pitch/register should not be used. A
combination of register and another parameter would give better performance. If register alone rnust be used then
there should be large differences beiween earcons but even then it might not be the mosl effective method. Two or
three octaves difference give better recognition. Much smaller differences can be used if relative judgements arc 10
be made.

Pitch: Complex intra-earcon pitch structures are effective in differentiating earcons if used along with rhythm or
another parameter. The maximum pitch used shouid be no higher than 5kHz (four oclaves above C3) and no Jower
than 125Hz-150Hz (the octave of Ca) so that the sounds are not easily masked and are within the hearing range of
most of the population.

Take care that the pitches used are possible given the chosen timbre; not all instruments can play all pitches. For
example, a violin may nol sound good if played at very low frequencies. 1f a wide range of piiches is needed then
timbres such as organs or pianos are elfective.

Rhyvthm and duration: Make rhythms as different as possible. Putting different numbers of notes in each rhythm is
very effective. Paterson (36] says that sounds arc likely to be confused if the rhythms are similar even if there are
large spectral differences. Small note lengths might not be noticed so do not use nates fess than 0.0825 sec. However,
if the earcon is very simple (one or 1wo notes) then notes as short as 0.03 sec. can be used.

Earcons should be kept as short as possible so that they can keep up with interactions in the interface being soaified.
Two earcons can be played 1n parailel to speed up presenlation. Earcons with up to six notes played in one second
have heen shown o be usable. In order 1o make each carcon sound like a compleic rhythmic unil the first note of
each should be accented (played slightly Touder) and the 1ast note should be slightly longer [24].



Intensiry: Great care must be taken over the use of inlensity because it is the main cause of annoyance due o sound.
The overall sound level wili be under the control of the user (in the form of @ volume knob), Earcons should be kept
within a narrow range so that if the user changes the volume no sound will be lost and no one earcon will stand o
and be annoying.

Listeners are not good at making absolute intensity judgements. Therefore, intensity should not be used on its own
for differentiating carcons. If it must be used in this way then there should be large differences between the
intensitics used. This may lead to annoyance on the part of the user because it contravenes the previous guideline.
Some suggested ranges [6] are: Maximum: 20dB above the background threshold and minimum: 10dB above
threshold.

One of the main concerns of polential users of auditory interfaces is annoyance due 1o sound pollution. If intensity is
controlled in the ways suggested here then these problems will be greatly reduced [9].

Spatial location: This may be stereo position or full three-dimensions if extra hardware is available. This is very
useful for differentiating parallel earcons playing simultaneously. It can also be used with serial earcons, for example
each family of earcons might have a different location.

Making earcons attention grabbing: In many cascs earcon designers may want their sounds to caplure he listener's
attention. This can be achieved in different ways. It can be done by using intensity. This is crude but effective (and
very commeon). However. it is potentially annoying for the primary user and others nearby so we recommend other
methods. Rhythm or pitch can be used (perhaps combined with lower intensity), for example, because the human
audilory system is very good al detecting dynamic stimuli, If a new sound is played. even at a low intensity. it is
likely to grab a listener’s attention (but not that of a colleague nearby). As another example. if the rhythm of an
earcon is changed (perhaps speeding up or slowing down) this will also demand attention.

Other techniques for making sounds allention-grabbing are (o use; High pitch, a wide pitch range. rapid onset and
offset times for sounds, irregular harmonics and atonal or arthythmic sounds (for more see [17]). The opposites of
most of these can be used to make sounds avoidable but in this case the main parameters are low inlensity and
regular rhythm.

Compound earcons: When playing serial earcons one after another use a 0.1 second gap between them so that users
can tell where one finishes and the other starts. I the above guidelines are followed for each of the earcons that is 10
be combined then recognition rates will be high, 1f the above guidelines are followed then earcons played in parafiel
should also be recognisable.

The output of the ESM analysis lechnique and the calegorisation can be converted into sound using these guidelines.
The two components of the struciured method for mtegrating sound into human-computer interfaces have now been
demonstrated. As an example, the next section will show the application of the method to sonify a scrollbar.

APPLICATION OF THE STRUCTURED METHOD

Now that the structured method has been described the analysis of a scrollbar will be undertaken to show how il
works in practice. This informal analysis technique can be used to investigate known problems with interactions and
find what might be causing 1he mistakes. It can also be used 1o look at new interactions to find where there are likely
to be faults. The technigue has been used o analyse many widgets. Analyses will be applicable to many different
interfaces because, as Myers’ [32] shows, most widgets vary little in their general design across different interfaces.

ESM Analysis

To use the event, stawus and mode (ESM) analysis technique first think of the ‘generic’ or perfect widget, for
example a butten, which provides all the information required and where nothing is hidden. This can be done by
creating scenarios depicting the interaction with butlens and mapping out the possible types of events, status and
modes that occur. Identify all the event, status and mode information in the interaction and the feedback required Lo
present it using the descriptions given previously. Then do the same for the real bution, identifying the information
actually present. If there is less in the real button than the ideal, generic one then that is where hidden information
exists. If there is more, then there may be redundant information that could possibly be removed. This is similar 10
the approach taken by Kishi in the SimUl sysiemn [29] where a ‘model” or expert user’s interactions are comnpared 1o
those of normal users and where the differences occurred are usability problems. One alternative approach 1o using
the methed is (o first think of the real widget and analyse it in terms of events, status and modes and then categorise
the feedback. Then. using this information, construct a generic, ideal, widget that deals with the problems of the real
one and makes explicit the hidden information.
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Figure 1: An example scrolibar. Figure 2: Scrollbar *kangarooing'-

In the following example. serolibars are examined using the ESM technique o find out il problems associated with
them can be identificd and characterised. Scrolling through a document can e achieved in several ways (sec Figure
1). The user can click on the arrows at the top of bottomn of the scrollbar, in the grey scroll area or drag the thumb-
wheel (the white box in the scroll area). The thumb-wheel gives stalus information about tbe currently viewed
position in the document. Thete are two common problems associated wilh scrolibars:

Position awareness in the document: When scrolling through a documest it can be hard 1o maintain a sense of
position. The textcan scroll by too fast Lo see (and the thumb only gives an approximate position). Some systems
such as Microsoft Word put a page count in the botiom left hand comner of the screen but this is too far from the
centre of visual focus so 18 hidden. One other method, used by MacWrite, is to pul the page number in the thumb
wheel itself. This is closer 1o the user's centre of visual focus and therefore should be more effective. The problem
with this is that the thumb is very small so only a small amauni of data can be displayed. It may also be missed by
users if they are looking at the main part of the window and not the scrol} bar. 11 may force users (O ook at the
scrollbar when they really want 10 look at the screen.

‘Kangarooing' with the thumb wheel: Repeatedly clicking in the scroll area above of below the thumb scrolls by a
window-sized step. Clicking below the thumb scrolis down in the document and clicking abave scrolls up, When the
thumb is just above the target position (pointer Jocation) jL will scyoll down to the window below (because the pointer
is below the thumb) and then back up to ihe window above the larget (because the pointer will then be above the
thumb) and keep on doing this until the user notices and stops clicking. If the document is scroliing fast then it can be
hard to tell this is happening as the user cannot see the textin the window (it is moving too fast 10 provide any siatus
cues) so the information is hidden. Figure 2 shows an example of kangarooing. In A the user begins to scroll down
towards the pointer. In B the thumb wheel is jusi above the pointer. In C the user has clicked and the thurmb bas
scrolled below the pointer. In D the user clicked again and the thumb serolled back above the pointer so kangarooing
occurred. Unless the one is looking at the thumb it can be hard 1o recognise that this has happened.

This type of error Is an action slip (see above for a description}. Expert users da not explicitly monitor the feedback
from the scrollbar, they use i automaticaily. They will click on it an expeci Lo seroll to where they want 10 be.
Experts wiil not notice when kangarooing occurs hecause the only way to observe it is to look at the scrollbar.
However, (heir visual atlention will be on the document they are working on.

Generic (ideal) scrollbar
Figure 3 shows the ESM analysis of scrolibar kangarooing and loss of position. The mode occurs when the mouse

button is clicked in the ccroll arca, A single click of the mouse scrolls by one window of data. Holding the mouse
button down (or clicking the mouse many times) continuousiy scrolls by multiple windows of data. The mode should



be action-independent (the mode comtinues until the mouse is moved out of the scroll area), demanding {users should
knaw that they are in the mode), sustzined/transient {the mode can be sustained, if the user keeps the mouse button
pressed down, or transient if the user just clicks the mouse} and static (the ntode will not change until the user moves
out of the scroll area).

There are three events. The first is the user clicking in the window scroll area, the second is the thumb reaching the
target location and the third the crossing of a page boundary when scrolling. Feedback from the click event should be
action-dependent (the user must press the mouse button), demanding (ihe user actively has to click the mouse),
transient {the mouse is only pressed for a short time) and static (the feedback indicating the click does not change).
When the thumb reaches the target (the cursor position) a demanding event should be given 1o alert the user. This
event feedback should also be action-dependent (the thumb reaches the cursor position because the user clicks),
transient (the event lasts a short time} and static (the feedback does not change). The event of Crossing a page
boundary occurs when the user scrolis passed 2 page boundary, The feedback should be action-dependent (the user
must click the mouse). demanding (the user should know when a page boundary has been crossed), transient
{crossing the boundary lasts a short time) and static (the feedback just indicates that a boundary has been crossed).

There are three types of status information: Information from the thumb and when it moves, information from what
is in the window and when that changes, and the position in document indication. This may be, for example. a page
count in the thumb or elsewhere in the window. These three types of status feedback arc changed by the user clicking
in the scroll area. This event causes a change in the siatus of the window and scrofibar thumb. It may change the
document position indicator if a page boundary is crossed. Thumb whee! feedback should be action-independent (it
gives information about position in document no matter what the user is doing). demanding (because the thumb is the
primary means of interaction with the scrolibar). suslained (feedback from the thumb lasts for as long as the scrolibar
is displayed) and dynamic (lhe feedback can change because of the click event). The feedback from the thumb
should be demanding because it is the main source of feedback from the scrolibar giving information about where the
user is in the document.

Status feedback from the window is similar. It is aclion-independent (il gives feedback no matter what the user is
doing, alihough this changes when Event 1 of Figure 3 occurs), demanding (it takes up a large area of the sereen),
sustained (the window lasts for a period of time) and dynamic (Event 1 will canse the siatus information to change).
The status feedback from the window is classed as demanding because it takes up a large area of the screen. The user
can. of course. not fook at the screen but if he/she is looking al it then the window is likely 1o be the area of focus.
Event 1 will cause the window 1o scroll which is a very demanding occurrence because a large area of the screen
changes.

Generie {ideal} gerollbar: Feedback:
Mode Mode
When mouse butten clicked in scrofl area Aclion-independent, demanding. sustainedftransen,
slatic
Event Event
1. Click in scroll area Actinn-dependent, damanding, transient, static for alt
2. Thumb reaches target gvents
3. Cross page bounda
Statys pag ¥ Status
4. Scrollbar thumb ) 4. Acticn-independent. demanging, sustained, dynarms
| 5. Window §. Action-independent, demanding, sustained, dynamic
B. Position in dotument indication 8. Action-independenl, avoidable, sustained, dynarmic
e
Reat scroftbar; Feedback:
Mode Mode
When mouse bulton dlicked in scroll area Action-independeznt, aveidabla, sustainad, static
Event
Event 1. Actlon-depandent, demanding, transiem, static
1. Cligk in scroif area 3. Action-dependerit, gvoidable, transient, static
£ No thumb reaches target event Status
3. Cress page boundary 4. Action-independent, avoidable, sustainad, dynamic
Status 5. Action-indepandent, demanding, sustained, dynamic
4. Serolibar thurmb 6. Action-indeperuent, avoidable, sustained, dynamic
5. Window
6. Position in document ingdication

Figure 3: ESM analysis of scroll bar loss of sense of position and *kangarooing’. The emboldened and undetiined
items show the differences between the generic and rea!l interactions.

The document position indicator should be action-independent (the feedback is given no matter what the user does),
avoidable (the user should be able 10 sampie the status information to find out what the current page is), sustained
{the feedback lasts [or as long as the window is displayed) and dynamic (the feedback may change in response to
event 3). The page indicator changes its feedback in response to the crossing ol a page boundary. The status feedback
should be avoidable: Users will not want the information forced on them. they wiil want 10 be able 10 sample it if
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necessary. The page houndary event should, however, be demanding hecause the user should know when a new page
has been reached so that they do not Jose their sense of position in the document.

fieal scrollbar

Figure 3 shows the ESM analysis of the real interaciion. The emboldened and underlined items show the differences
between the real and generic “nteractions. In the real scrolibar the mode is the same as above (i.e. when the mouse
button is clicked in the scroll area). However, this ime the feedback on the mode is avoidable and this means that
kangarooing and loss of position can oceur. There is no event to indicate that the thumb has reached the target, which
is why kangarooing can OCCUr. This event information 1s hidden: The user will not know that the thumb has moved to
the target position (usually the pointer location in the scroll area) unless he/she happens 10 be looking at it. The event
feedback indicating when a page boundary has been crossed is also avoidable. The user will not see the document
position indicator change because it is oulside the area of visual focus. Often a dotted line is displayed in the window
on the screen to show a page boundary. If the user is serolling rapidly through the file then this too is likely to be
missed.

The status information is the same as hefore but feedback from the thumb is avoidable: 1t is easy 1o avoid seeing the
tiumb move because it is <mall. The same is true of the document position indicator (it is again avoidable) as it is out
of the area of visual focus. The status feedback from the window is very demanding and when it changes {due 1o the
click event) the change caplures the user’s atiention. Kangarooing occurs because the event indicating when the
thumb reaches the targel location does not exist in the real scroVibar. This is made worse pecause status feedback
from the thumb is avoidable. 1f this was demanding the user would see when the thumb reached the targel so
kangarooing could be avoided. Loss of sense of position occurs hecause the page indicator is outside the arca of
focus and the document ¢an scroll by very quickly. The very demanding nature of the scroiling window Calses the
user not to look at ihe page count.

Sound could be used Lo overcome the problems associaled with kangarooing. If a demanding sound was added 10
indicate the event of the thumb reaching the targel location then the user would hear it and stop clicking the mouse.
For example. if & low-pitched sound was played when scrotling down through a document and a high-pitched one
when scrofling up then kangarooing would be perceived as an out-of-sequence high or low ione.

The crossing of a page boundary event could be given 2 demanding sound so that users know when a ncw page has
been reached. This would help them keep a sensc of position in the document. The document posilion indicator could
itselfl be given an avoidable, action-independent sound. The user could then perceive the page without taking hisfher
visual attention away from the primary task. This could be done by having a sustained, dynamic lone. the pitch of
which could change as a page bounpdary was crossed. This feedback would not be annoying, even though it would be
sustained. because 11 would not need Lo be dernanding: It could be made 1o fade into the background of
consciousness, The user would only perceive it when hefshe wanted 10 Jisten for the page sound or when a page
boundary was crossed. 1t would also indirectly give information about lhe thumb and its position. Using this method
it would be easy for users Lo move, say, two pages ihrough the document; they would Jjust listen for two page
boundary scunds.

Earcon Creation

Now that the ESM analysis of the scrollbar has been carried out, earcons must be created Lo overcome the problems
idemtified. Two types of counds were needed Lo solve the prohlems described above: One to give information about
when the thumb reached the target jocation (lo avoid kangarooing) and one 10 give page scrolling and documcnt
position indication. An electric organ limbre was chosen for the sounds. This has a wide ange of possible pitches
and is easily recognisable.

The first sound was a fixed tone of duration 9/60 sec. and was used to indicate a window scroi} event. The sound was
kept short as 1t indicaled a simple event. This would alse mean that it could keep up with the interactions taking
place. 1l a vser scrolled lowards the bottom of & document a low-pitched note, Cy4 (130Hz), was played. When
scrofling up a high-pitched note Cgq (2093Hz) was played. These sounds were within the range specified in the
guidelines and far enough apart to easily be differentiated. High pitch was used as up and low pitch as down because
of the natural tendency 10 perceive higher pitch as higher spatial location [30]. The intensity of the sounds was Taised
over the background, continuous document position sound. This, combined with the change in pitch, made the sound
demanding. Using the combination of pitch and intensily meant that the earcons did not have 1o be as loud as if only
intensity had been used. They would then be less annoying for other users nearby. I a user was scrolling downwards
owards a target location he/she would hear the repeated low-pitched sound. H kangarcoing gceurred then the user
wouid hear a demanding high-pitched 1one when not expected.

A low intensity conlinuous (one was used to give slalus information about the current page. To indicate a page
boundary event the hackground tone was increased in volume for two beeps of 9/60 sec. each to demand the
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listener's attention. It then decreased agam 10 just above threshold tevel so that it could be habituated. The different
number of notes differentiated this earcon from the previous window scroll sound. Again the sound was short so that
it did not hold up the interaction. The noles played when scrolling towards the bottom of the document decreased in
pitch from B (1975Hz) to C4 (130Hz) when a page boundary was crossed. The notes played cycled through the
scale of C major. So, for example. when scrolling down from the top of the document. the first note played would be
By (1975Hz), then Ay, Gy, Fy. Ey, Dy and on to Cz of the octave below. The reverse occurred when scrolling up
from the bottom of the document. When the scrollbar was clicked the thumb sound was played first followed by the
page boundary sound afier a 9/60 sec. delay (if a page boundary had been crossed).

AN EXPERIMENT TO EVALUATE THE STRUCTURED METHOD

The structured method has made predictions about where, and whal. sound should be used in a scrollbar, We need tu
test such a scrolibar 1o sec if these predictions are correct and if the sounds improve usability.

Participants

Twelve participants were used. They were posigraduate students from the Department of Compulter Science at the
University of York. All had more than three years experience of graphical interfaces and scrollbars. Expert
participants were used because the type of error studied here is an action slip (sce above).

Participants | Condition 1 Condition 2
Six r Auditory Visual
i Participants : scroilbar scrollbar
! Train & Test Train & Test
Six | Visual Auditory
. Participants : scrollbar scrollbar
L ‘ Train & Test | Train & Test

Figure 4; Format of the experiment.

Tasks

Participants were given two types of task. The first. which will be called the Search Fasks, involved the participants
visually scarching through a file of data to find significant features, These features were such things as whole line of
‘a’s together. When the target was found the participants had to say which page the target occurred on. The other
tasks, which will be calied the Navipate Tasks . involved participants being given instructions to goto a speeific point
on a specific page and read the data that was there. For example, participants were asked to go to prage seven and
read the firsi six characlers of the first iine. Along with these absolute navigation tasks relative tasks were also given.
For example, participants were asked to 2o up four pages from the current page and read the first six characters of the
last line. These two types of tasks cover some of the main ways users interact with scrollbars. They might be
scarching through a document to find something or they might be looking for a specific page (o find the data they
want. The data were described 1o the participants as ‘experimental results data’. The rationale given to the
participants for the tasks was that they were searching through the data to find significant fealures for analysis.

Experimental Design and Procedure

The experiment was a within-subjects repeaied-measures design (sce Figure 4). A simple document browser was
created on an Apple Macintosh, based arcund TimyEdit, an example program supplied by Symantec Corporation with
the Think Pascal compiler (see Figure 5). This browser aliowed participants to navigale around a document using a
scrollbar and indicated page boundaries with a dotted line, in a similar way to many wordprocessors. The scrollbar
used in the browser only allowed clicking in the grey scroll area above or below the thumb whee) to scrolt by a
window of data either way. The participants could not drag the thumb wheel or scroll by lines using the arrows. This
was donc because the experiment was io investigale kangaroo problems and these only occur when clicking in the
scroll area,

The data files used in the browser were made up of groups of three lines of 30 randomly generated ‘a’ o ‘'f'
characters separated by a blank line, The test files had rwelve pages of data where pages were 50 lines long and
windows 33 lines long. Therefore, scrolling by a window did not necessarily mean that a new page boundary would
be reached each time. The data was displayed in 12 point Geneva font. There was a different test file for training, the
auditory condition and the visual condition so that participants would not be able 1o learn their way around the data
files.
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& File Edit Font Size Style

expt data file
cebebcddcaabdfbabbbefefbdfaffd it
cceceafabfdefbdacddefabafefdad
cedffaddbadbafebdfbffaefebdefe

fbebedbaabcdbfbfacbacbcbddfedb

adfeadaefddaddccfcabbdeadabdcb
bcabcdfebfcdcaacdabaadfffbebee
afdbaaeccdeccaaeccddddeefeeefc

adedcfcdbadfcdabdcabeedfeccfbf
ffededfaaeafecfbfbfdbccfecddda

o
0

Figure 5: The browser pregram {reduced in size}. !t shows example data and a page houndary marked by dots.

Measures

In order to get a full range of guantitative and qualitative resulls time, error rates and workload measures [25]were
used. Time and ervor rate reductions would show guantilaiive improvements and workload reductions would show
qualitalive improvements [5].The total time taken by each participant was recorded by the sysiem (as described
below), Two types of errors data were collected: The number of times kangarooing occurred (kangaroo errors) and
the nurnber of times the wrong page was chosen (wrong page errorsh.

The NASA Human Performance Research group [33] break workload down into six different factors: Mental
demand, physical demand. time pressurc. effort expended. performance level achieved and frustration experienced.
NASA have developed a measurcment tool. the NASA-Task Load Index (TLX) for estimating these subjective
factors. We used this but added a seventh factor: Annoyance, One of the main concerns of potential users of auditory
inierfaces is annoyance due o sound pollution. This is often given as a reason for not using sourd al the human-
computer interface [28]. In lhe experiment described here the annoyance due to auditory feedback was measured 10
find out if it was indced a problem. In addition to these seven factors we also asked our participants lo indicale,
overall, which of the two interfaces they felt made the task easiest. Pariicipants had 1o fill-in workload charts after
hoth condilions of the experiment.

Visual condition

In the visual condition, participants used an ordinary graphical Macintosh scrollbar {but restricted as described
above). Training was given in both types of task before the main test was started. The experimental procedure was
described and then sample Search and Navigate tasks were undertaken using a training data file. In the main test
participants were given & task by the experimenter and when they were ready to starl they pressed $Y 1o start a
timer. When they had completed the task they pressed 38Y again, the timer was turned off and the time recorded by
the system. Errors were recorded by the experimenter. A participant was given the search task questions first and
then the navigale ones. When the participant found a target in the search task he/she gave the page number to the
experimenter. If it was incorrect then the correct page number was given by the experimenter. This was necessary so
that the participant started from the correct page when searching {or the next target, For the navigate tasks, the
participant gave the required six characters. If these were incorrect then the participant had to search until he/she
found the correct page.

Auditory condition
The sonically-enhanced scrolibar described above was used. In the initial training of participants for this condition

the feedback provided by the ccrollbar was described in detail. The training and testing then proceeded as described
above for the visual condition. All the sounds used were played on a Roland D110 multi-timbral sound synthesiser.
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The sounds were controlled by an Apple Macinlosh via MIDI through a Yamaha DMP 11 digita] mixer and
presented ta participants by loudspeakers.

Experimental Hypotheses

If the errors identified by the structured method were real problems then fixing them would improve usability. The
method suggested that recovery from kangaroo errors shouid be quicker because users receive demanding feedback
indicating when the errors happen rather than noticing later on when they were not where they expecled to be,
Participants can therefore correct the errors more quickly, The number of kangarco errors should be unchanged.

Participants should better be able to maintain their sense of position in the document with more page feedback and
therefore give fewer wrong page answers. If participants lost their sense of position the time cost was high. For
example, they would have to go back to 1he top of the data lile and work out their position from there. This would
take much time. Therefore, if they did not lose their sense of position, time to complete tasks should be reduced. The
demanding audio feedback should make it easier for participants to perceive page boundaries and so make fewer
WIOnE page errors.

The workload felt by participants should be reduced as the exira feedback provided information that they needed.
Participants would have 1o expend less efforl recovering from errors and remembering whereabouts in the document
they were. Physica! demand and time pressure would be unaffected as they were unchanged across conditions. There
would be no increased frustration or annoyance due to the addition of sound as the auditory feedback provided
information that the participan(s needed.

Hesults

TLX results

Figure 6 shows the average score for each of the workload calegories plus the extra ones we added. They were
scored in the rapge 0-20. Paired T-tests were carried out on the auditory versus visual conditions for cach of the
calegorics. Mental demand was assigned the highest mark of all the workload scores indicating that the experimental
task itself was difficalt. 1l showed a significant decrease in the auditory condition over the visual (T{11)=3.23,
p=0.008). Nine of the twelve participants rated the auditory condition Jower in effort than the visuat but this failed to
reach significance (T(11)=1.83, p=0.09). There were no significant differences in any of the other workload
calegories.
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Time
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Annoyance
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Performance
Overall

Workload categories

B Auditory Condition [ Visual Condition

Figure 6: Average TLX workload scores for the auditory and visual conditions of the experiment. In the first six
categories higher scores mean higher workioad. The final two categories, performance and overall, are separated
because higher scores mean less workload.
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The annoyance for the auditory condition was not significantly different 10 the visual condition (T(11)=0.516.
p=0.615). Five participants rated the auditory condilion more annoying than the visual and three raled the visual
more annoying than ihe auditory. These was a difference in terms of overall preference. In this case, the participants
were asked 1o raie which scroltbar made the task the casier. Here the auditary scrollbar was significantly better than
the visual one (T{11)=2.53, p=0.02).

Timing and error results

Along with workload tests, convenlional measures of time and error rates were taken. Two kinds of errors were
recorded: Kangaroo errors and wrong-page errors tsee Figure 7). Figure 8 shows the total times 1aken by each of the
participants in the two conditions for the search tasks. Nine of the twelve participants performed faster in the
auditory condition but there was no significant difference in time scores at the 953% level (T(11)=1.846, p=0.09).
However, an F-1est between the auditory and visual condilions across participants showed a significant reduction in
the variance in the auditory condition (F(11.11)=3.98, p=0.05).

To find out if any underlying differences were hidden in the overall timing daia a more detailed analysis was
undertaken. The average time taken to answer a question where ermors occurred was calculated for each question in
both conditions of the search tasks. Both types of errors were included in this analysis because ol the smail numbers
of kangaroo errors. There werc no significant differences between the conditions in time taken o answer guestions
with errors (T(2)=1.24, p=0.33} or to answer questions wherce there were no errors (T{2)=1.39, p=0.29).

Figure 8 also shows.the total times for the two conditions in the navigate tasks. In these tasks there was a significant
difference between the times taken. A paired T-test showed the auditory condition was significantly faster than the
visual (T(111=2.29, p=0.04). As before. there was also a significant reduction in the variance in the auditory
condition (F(11,11)=5.43, p=0.05). To find whether the decrease in time taken for the auditory condition was due to
faster recovery from errors, a more detailed analysis was underiaken. Recovery from errors was significantly faster in
the auditory than in the visual condition (T(9)=2.61. p=0.02). The average time laken Lo answer guestions with no
errors was also calculated. A paired T-test showed that the auditory condition was again significantly faster Lhan the
visual (T(9)=4.18, p=0.002).

tn the search tasks there was no reduction in the number of wrong page errors between conditions (see Figure 7), In
the navigate tasks there was again no significant differences in the error rate between the two conditions but there
was a reduction. The number fell from 5110 40 in the auditory condition but this {ailed 10 reach significance.

Tasks/ | Search Navigate —l
Conditions |
I W[?T_‘.Q_PEQ.E._._!_ Kangaroos | Wrong page Kangarcos
I Auditory 13 \ 5 40 4
Vigua) 11 i 3 51 8

Figure 7: Totals of wrong page and kangarco errors in both conditions of the experiment.
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Figure 8: Totai times for the search and navigate tasks in the experiment.
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Discussion

The workload results indicated that the auditory scrollbar reduced the workload of the task. Mental demand (which
dealt with how much mental and perceptual activity was required) was significantly reduced. This could be due to it
being easier for participants to hear page boundaries than it was 10 see them as the feedback was more demanding.
Participants aiso got more feedback aboul kangaroo errors so making it less effort to recover from them. This
confirmed the hypothesis that exira auditory leedback would lower workload. Although participants felt their
performance was no better in the auditory condition than in the visual. they had an overall preference for the auditory
scrollbar because it lowered mental demand and there was some decrease in effort expended. These factors indicated
that an auditory enhanced scrollbar would be an effective addition 0 an interface and eould lower the workload
therefore freeing-up cognitive resources for other tasks.

There was no significan! difference in the annoyance or frustration felt by participants in the auditory condition. This
indicated that auditory feedback. and especially constant auditory feedback. was nol necessarily annoying when used
al the interface. This confirmed the hypothesis that auditory feedback would not be annoying if it provided useful
information to the user.

The significant reduction in time for the auditory condition in the navigate tasks indicated that the sonically-
enhanced scrollbar improved performance, This is again evidence 10 suggest that auditory scrollbars are an effective
extension {0 standard visual ones, The times for the search tasks were not significanily different. This may have been
due to the nature of the task. A participant was required to visually search through the data file io find a targel. The
advantage conferred by sound may have been Jost in the overall time to do the visual searching as this took up a large
proportion of the time for this task. Position awareness within the document was bound up ir this, The advantages
due to sound were stnall and therefore lost in the large times for visual scarching. In the navigate tasks, where the
participants had 1o find a specific page, searching was based on page boundaries so there was a better comparison
between the auditory and visual conditions.

There were no significant differences between conditions in the time aken to recover from crrors in the search tasks.
As deseribed previously. the time to do the searching might have been the problem here. In the navigate tasks the
auditory group was significantly faster overall. When this result was investigated in more detail the auditory group
was found to be significantly faster at recovering from errors than the visual, The auditory group also perfommed
better when there were no errors. It seems that the sounds helped increase general performance with the scrollbar.

One problem with the error analysis was that the frequency of kangaroo errors was too low (0 be a goed measure. For
example, in the search tasks there was fewer than one error per participant in each of the conditions. It turned out to
be very difficult 1o generate many kangaroo type errors. It could be thal, as the participants were experiecnced
scrollbar users, they had developed strategies for avoiding kangarooing in their everyday work which they used in
the experiment. However, two participants did say that the sounds helped them identify when a kangaroo error had
laken place. These problems generating kangaroo errors meant that it was difficult to tesl the hypothesis that
recovery from such errors would be quicker. They had to be combined with wrong page errors and an overall
analysis performed,

There were no differences between the conditions in the number of wrong-page errors. it may have been that
participants counicd 1he page boundaries whether they saw them or heard them, but it just took longer when they had
to do il visually. This may have been one of the reasons for improved performance in the navigate tasks for the
auditory condition. Further investigation of errors is therefore necessary.

It is noteworthy that there were significant differences between the auditory and visual conditions in terms of
variance on both tasks. Eight of the twelve participants showed less variability in the auditory condition. However. a
Sign test between conditions across participants failed to reach significance. There is an indication that the variability
has been reduced and further experiments would be needed to investigate this.

Justification of the Structured Method

The sonically-enhanced scrollbar was designed to overcome the problems identified by the structured method. Do the
experimental resulls show that the method works? The addition of sound produced a significant improvement in
performance in one of the tasks and a decrease in the overall variability in both tasks. The mental workload required
to perform the tasks was significantly less when sound was used and overall preference was lor the auditory
scrollbar. The results indicate that the addition of sound was successful. The structured method identified actual
problems due to hidden information and then provided for the creation of effective earcons to fix them. One area
which needs further investigation is error rates. The method predicied that the number of wrong-page errors should
be lower but the resulis failed to demonstrate this because insufficient errors were generated in the experiment,
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The siructured method has also been used to identify and correct some of the problems with graphical buttons [10].
An cxperiment to investigate the effectiveness of sonically-enhanced butions showed that error recovery was again
faster in the auditory condition and users also had a strong preference for the sonically-enhanced buttons. The resuits
from this give more proof thal the structured method is effective at finding errors and suggesting improvements.

FUTURE WORK

In addition 1o giving informalion about page boundaries other events could be indicated when scrolling. In a
programming language editor, lor example. events such as when a new procedure or function was reached could be
disptayed in sound. The sounds cowd also be added to dragging in the scrollbar. If the user dragged the thumb wheel
over a page boundary then the sound could change to indicate this. Currently, the scrolibar only allows sounds for 21
pages duc 10 its use of pitch. This could be extended by using different rhythms or jntensities along with pitch so that
bigger documents could be dealt with. The continuous lone of the page indicator could be made to fade into Lhe
background of consciousness by fowering its volume if the user stayed on the same page for a period of time.
Currently the sound remains at the same volume and lowering it would help habiteation,

CONCLUSIONS

This paper described a method 10 allow interface designers to add sounds 10 their interfaces. Sound no longer has to
be added in an ad hoc way by individual designers. It can be added in an effective way by following the two parts of
the structured method. The designer can analyse an interaction in terms of event, status and mode information,
catcgorise the information and from this use the earcon guidelines to create effective sounds. This method for adding
sound was applied 10 a scrollbar and some of the associated problems were correcied. To make sure that the method
for adding sound was effective an evaluation of a sonically-enhanced scrollbar was conducted.

A sonically-enhanced scrollbar was tested and found to significantly reduce the overall lime 1aken and the time taken
to recover from errors on certain tasks. It also significantly reduced the mental workload and was rated with a
significantly higher preference score than a siandard visual scrollbar, There was also no increased annoyance duc 16
sound. This indicated that the integration of auditory feedback into graphical widgets was likely to provide more
usable interfaces. The results from the experiment suggest that the structured method is effective in identifying areas
in the interface where problems occur. Until now there was no structured approach 10 adding sound o an interface, it
was done in an ad hoc way by individual designers, The resulis of the work described here show that widgets that
combine both auditory and visual feedback are more effective because they make use of the nalural way that humans
deal with information in everyday life.
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