Appl ying Perceptual La yers to Colour Code

Information in Hand-Held Computing Devices

Ofer Deshe

Colour in Displays Unit

Department of Psychology

Universityof Portsmouth

King HenryBuilding

Portsmouth

PO1 2DY ofer.deshe@port.ac.uk

Darren Van Laar

Colour in Displays Unit

Department of Psychology

Universityof Portsmouth

King HenryBuilding

Portsmouth

PO1 2DY

KEYWORDS

Interface design, cartography, colour coding, colour displays, hand-held computing, tabular display.

Introduction

The aim of this paper is to showhowa new methodologyfor automaticallycolour coding displays can provide quantifiable gains in information acquisition and performance over those formats using current methods and approaches design complex tabular displays in hand-held mobile computing devices.

According to Joachim, Shinar and Lieser (1997) tables are best for recalling specific values. In their studytheyfound that tables led to faster responses and the accuracyfor tables was equallyhigh or higher than for graphs.

Most current hand-held mobile computing devices are based on the EPOC32, PalmOSor Windows CE operating systems. These devices usuallyinclude a varietyof built-in soft ware such as word-processors and spreadsheets as well as databases and the

Internet. Therefore, it islikelythat most users may find themselves interacting with tabular information.

Although tabular displays are an efficient and effective means to displayinformation there are a number of problems in displaying tables in mobile devices. Small, hand-held mobile devices lack screen space, and thiscan be a serious handicap in their efficient use

(Brewster, Leplatre and Crease, 1998). If the device must be small and the screen must fit the device, text will necessarilybe small and graphics will tend to be cramped. As a result, complex tables are often too small to read or much larger than thedisplay size.

Typical interactionsinvolving recalling or comparing information on such displays require repetitive scrolling and navigating actions, which will result in an increase in the time taken to complete tasks and lead to user frustration, confusion and lowered performance.

Mobile computing is predominantlybased on monochrome displays. However, a number of companies have nowintroduced palmtop computers with 256 colour displays (e.g. Sharp HC4600C,

HPJornada� 420, Compaq® Areo� 2100,

Philips®Nino� 51). More recently, Casio introduced the Cassiopeia E-100, a hand-held device with a 65 ,536 colour display. In addition to col ours, the qualityof the displays is increasing , for instance, the Compaq Areo 2100 includes a TFT col our display. Thispaper will describe a method of using colour coding to provide support for tasks that involve navigating around more than one screen full of information.

The Perceptual Layers Methodology

Previous work in cartographyhasadvocated the use of perceptual layers as a means to organise task relevant data elements on a map or display(Wood,

1968). A perceptual layer exists in a map when information on one layer, such as motorwa ys or main roads, appearsto sit above or below information on other layers, such asland use or minor roads.

The Perceptual Layers methodologyemploys principles of human factors, cartography, colour science and colour perception to generate displays that use colour coding to emphasise task relevant interface components. This is achieved by producing the illusion of perceptuallydifferent layers, upon which supports the structureof the user´s task.

The methodologyhasbeen tested in complex safet y critical applications (Van Laar, Williams, Umbers and Smalley, 1997), and is nowbeing developed for use in other areas. ThePerceptual Layers methodologyhas been found to be of use in a number of different displayt ypes, including mimic diagrams, bar, trend, and tabular displays.

The main principle of the method isthat more important and task relevant layers appear more conspicuous and usuallyon a perceptuallyhigher layer than less relevant information. Asimple task analysis is used to allocate each group of display objects to an appropriate perceptual layer. Each interface component is analysed in terms of its frequencyof usage, the extent that it supportsthe user´s task, relationshipsbetween different components or variables, and existing information structure and hierarchies. These inform the allocation of col our to each interface component.

The methodologyis used to generate a set of colour palettes that maybe used to code components of the display. Colour codes within a palette whilst appearing quite different from one another in terms of hue all have the propertythat theyappear to sit on thesame perceptual layer as one another.

Colour codes from different palettes maywell be of the same hue, but will appear to sit on different perceptual layers ˘ in the same wa ythat motorwa ys appear to sit on top of land use information in road maps.

Because predicting howcolours will appear on different perceptual layers is a multi-dimensional mathematical problem where each colour has a three-dimensional co-ordinate in colour space (Van

Laar and Flavell, 1994). The methodologyhas been instantiated within a computer program. This program uses parameters based on the properties of the display(size, phosphor colour), the environment (illumination, screen viewing

distance) and the task (number of components, task analysis) to generate the colour palettes. Properties of thehuman visual system are also employed to ensure that thelayering technique works for all users including those with colour vision difficulties.

The methodologyensures that the designer is provided with a set of colours with which to code displayformatsaccording to current psychological principles and theories governing the perception of col our from emissive displays. The colour sets have also been designed to complywith colour in displays standards for discriminabilityand legibility

(ISO/FDIS 9241-8, Part 8).

The perceptual layer methodologyoffers a wa yof visuallyemphasising task relevant information.

Furthermore, Thecolour sets produced in this way are applicable across a range of different displays and thushelp maintain consistency(i.e.

perceptuallythe same colour code can be generated for all displays) and ensure that the display produced is device independent. Using the

Perceptual Layering methodology, areas of the displaycan be related using their colour code, rather than relying on memory, or codes that use screen real estate (such as labels).

The advantageof the methodologyfor hand-held mobile computing devices is that information can be displayed in virtual tables , much larger than the screen size. As different partsof the table maybe related using the colour-coded regions, userscan navigate between areas of the displaywithout spending time and effort trying toread or remember irrelevant information. Colour-codes are allocated to increase the performance with respect to the tasks the displayis designed to support. Once users locate the desired area of the table, scanning information within thearea isfaster, as more important objects appear more conspicuous due to their colour coding. When a specific area is located, thetarget will appear on a higher perceptual layer than itsbackground and, as a result, be located more quickly. Finally, as the allocation of perceptual layers is consistent with the users´ understanding of the task, users can apply categorical, semantic and knowledge-based visual search strategies to locate information more quickly, and thusreduce repetitive scrolling and confusion due to location disorientation.

Applying the Methodology to solve a

Design Problem in a SpecificDomain

A typical application of this methodologymight involve the performance of hand-held mobile computing devices designed to support medical practitioners. Medical practitioners are increasinglyturning to computer based solutionsto increase the effectiveness of their practice. For instance, Sullivan and Wilson (1997) found in their surveythat most general practitionersuse a parallel electronic record system on their practice computer.

Mobile computing devices can be carried with the user and provide doct ors with immediate access to material such as medical histories, referralsand patient and emergencycontact information. Mobile computers also have the advantage of allowing doct ors to access critical information whilst working in different clinics, visiting patients, working in communitybased services or being on emergencycall.

The major usabilityproblem for user who use mobile computing devices to access medical information will be the lack of screen space available to displaythe amount of information required to complete a task. For instance, the amount of information that a patient table-object has includes the attributes of personal details, admissions, complaints, prescriptionsand medical history. In addition, for each patient, theuser needs to keep track of critical medication information.

In applying the Perceptual Layers methodologyto solve the design problem, the first stage is to explore user requirements, tasksand needs. This can be based on task and domain analysis.

Alternativel ypractitioners needs can be gathered and analysed on the basis of Contextual Inquiry

( Vaananen and Ruuska, 1998) which, it isargued, is particularlysuitable to support mobile computing interface design. These methods can guide the interface design, but can also be integrated with the newmethodologyto inform the allocation of col ours and perceptual layers to different partsof the interface. Areasof the table that relate to the same task, patient or medical procedure. For example, in a table that displays patient information, personal detailswill have a different area code than symptoms or prescriptions. The col ours define area code, background and borders.

The colours are subtleand do not clutter the screen or grab the user´s attention. These colours would sit on thefirst (lowest) perceptual layer.

The second layer might code different parts of the table area. These could be coded in the same hue as the background area code to enhance their appearance and give the impression of related information. The third layer addsstatic or reference text to the display. This includes anytable titles and subtitles. Because col ours are used to code information, the number of labels can be reduced and hence saves screen space.

The fourth layer containsdynamic text, that is, values that the user locates, compares or needs to recall. Such text must be easilyseen, and thus it is coded with high luminance contrast. Labels,

subtitles and titles are allocated to a lower layer than dynamic text. Clutter in the visual search is, therefore, reduced and information scanning becomes more effici ent.

Finally, critical information isallocated to the top layer using particularlysaturated colours.

Information in this layer is the most conspicuous.

For instance, the fact that a particular patient hasan allergyto a specific medication ismoreimportant than their address or date of birth.

Although the Perceptual Layers methodologyoffers a number of benefits, performance isa two-factor concept ( Dowell and Long, 1989). Firstly, it includes the qualityof the product, or how well the desired stateof the domain isachieved compared with the state specified. Secondly, performance includes system and user costs. Task qualitycan onlybe achieved if designershave a clear idea of the user requirements. Unless these are integrated with the newcolour methodology, themethodology can onlyaddress user-costs; that is, reducing time spent in navigation, scrolling and comparing values.

A design problem expresses an inequalitybet ween actual performance and desired performance of some worksystem with respect to some domain

( Dowell and Long, 1989). A successful design solution is onethat achieves desired performance.

In applying the Perceptual Layers methodology, the first stage involves selecting a design problem where themethodologycan contribute to performance improvements. Typically, performance problems that the methodologywould offer a design solution are based on users interacting with hand-held devices to access complex data to perform their work. Besides medical practitioners, examples inculde on-site engineers who use technical data to support diagnosis and troubleshooting, and financial professi onalswho require access to monetaryand commercial data.

Summary

Thispaper hasdescribed a newmethodologyt o col our code complex data on tabular displays. This is based on generating perceptual layers on displays and employs human factors, cartography, col our science and colour perception principles, guidelines, standards and methods. The aim is to increase the effectiveness and efficiencyof interacting with large information areas with small displays. Validation of the methodologyshould be based on redesigning displays to support different classes of users in different domains.

Research iscurrentlybeing undertaken to evaluate the performance advantages of thismethodologyin supporting users who employmobile computing devices. The research will include a number of phases. Firstly, a domain of application will be analysed, and userstasks, needs and requirements will be captured. This information will be used to inform the allocation of col our codes and perceptual layers to the structure and organisation of thetable. These will be then tested experimentallybyemploying a computerised simulation of the domain and once refined, in a field based study. Actual performance will be compared with desired performance and implicationsfor the design and application of the perceptual layering methodologywill be reported in the future.

References

Brewst er, S.A., Leplatre , G. and Crease, M.G.

(1998). Using Non-Speech Soundsin Mobile

Computing Devices. In Johnson C. (Ed.)

Proceedings of the First Workshop on Human

Computer Interaction with Mobile Devices ,

(Glasgow, UK), Department of Computing Science,

Universityof Glasgow, pp 26-29.

Dowell, J. and Long , J. B. (1989). Towards a conception for an engineering disciplineof human factors. Ergonomics, 32, 1513-1536.

Joachim, M. Shinar, D., and Leiser, D .(1997).

Multiple factors that determine performance with tables and graphs. Human-Factors . Vol 39(2), 268-

286.

Sullivan.F ., and Wilson. P. (1997)The completeness and accuracyof patient record transfer between practices. Health-Bull- Edinb .

55(1), 16-9.

Vaanenen, K. and and Ruuska, S. (1998). User

Needs for Mobile Communication Devices:

Requirements Gathering and Analysis through

Contextual Inquiry. In Johnson, C. (Ed)

Proceedings of the First Workshop on Human

Computer Interaction for Mobile Devices ,

(Glasgow, UK), Department of Computing Science,

Universityof Glasgow, U.K., 21-23 May1998, pp95-102.

Van Laar, D.L. and Flavell, R. (1994). A name based algorithm for generating maximally discriminable colour sets . The Journal of

Photographic Science , 42 (3), 83-84.

Van Laar, D.L., Williams. T., Umber, I. And

Smeaton, S. (1997). Colour coding of information layers in computer displays. In Hammond, J. (Ed).

Discovering new worlds of HCI . London: Chapman

Hall.

Wood, M. (1968). Visual Perception and map design. Cartographic Journal , 5, 54-64.

T rademarks

HP is a registered trademark of Hewlett-Pa ckard Company ,

Jorna da is a trademark of Hewlett-Pa ckard Company

Compa q is a registered trademark of Compaq Corporation

Nino is a trademark of Philips Electronics North America

Corporation, and Philips is a registered trademark of Honinklijke

Philips Electronics N.V.

Casio is a registered trademark of Ca sio Computer Company

Ltd. CASSIOPEIA is a trademark of Ca sio Computer Compa ny

Ltd.