Draft February 26, 1996 - 1 - Ben ShneidermanDesigning Information-Abundant WebsitesLook at every path closely and deliberately.Try it as many times as you think necessary.Then ask yourself, and yourself alone, one question...Does this path have a heart?If it does, the path is good; if it doesn’t it is of no use. Carlos Castaneda The Teachings of Don JuanBen ShneidermanDepartment of Computer ScienceUniversity of MarylandCollege Park, MD 20742ben@cs.umd.eduDraft: April 29, 1996 Copyright Ben Shneiderman1. IntroductionThe deluge of web pages has generated dystopiancommentaries on the tragedy of the flood as well asutopian visions of harnessing the same flood forconstructive purposes. Within this ocean of informationthere are also lifeboat web pages with design principles,but often the style parallels the early user interfacewritings in the 1970s. The well-intentioned Noahs whowrite from personal experience as website designers, oftendraw their wisdom from specific projects, making theiradvice incomplete or lacking in generalizability. Theirexperience is valuable but the paucity of empirical datato validate or sharpen insight means that some guidelinesare misleading. As scientific evidence accumulates,foundational cognitive and perceptual theories willstructure the discussion and guide designers in novelsituations.It will take a decade till sufficient experience,experimentation, and hypothesis testing clarify designissues, so we should be grateful for the early and daringattempts to offer guidance. One of the better guides(Lynch, 1995) offers this advice:�Proper World Wide Web site design is largely amatter of balancing the structure and relationship ofmenu or �home� pages and individual content pagesor other linked graphics and documents. The goal isto build a hierarchy of menus and pages that feelsnatural and well-structured to the user, and doesn�tinterfere with their (sic) use of the Web site ormislead them.�It is helpful but does not tell designers what to do or howto evaluate the efficacy of what they have done. Lynchgoes on to give constructive advice about not being toobroad or too deep, finding the proper length of pages,using gridded layouts, and the challenge of �balancing thepower of hypermedia Internet linkages against the newability to imbed graphics and motion media withinnetworked WWW pages.� He has sorted out the issuesbetter than most but still leaves designers very much inthe dark about what to do.Jacob Nielsen (1995) goes a step further by reporting onhis case study of designing a website for SunMicrosystems to showcase their products and company.His usability testing approach revealed more specificproblems and the online site shows and discusses ninedifferent versions of the home page. The subjective datareveals problems and highlights key principles, forexample �Users consistently praised screens that providedoverviews of large information spaces.� Empiricaltesting should be able to reveal what kinds of overviewsare most effective and whether performance times, errorrates, or retention are enhanced by certain overviews.Until the empirical data and experience from practicalcases arrive we can use knowledge from other userinterface design domains such as menu systems(Shneiderman, 1992) and hypertext (Isakowitz, Stohr &Balasubramanian, 1995; Shneiderman & Kearsley, 1989).Designers can apply the theoretical framework of theObjects/Actions Interface Model and the experience frominformation retrieval research (Marchionini, 1995).2. Genres and Goals for DesignersA website can range from a one-page personal biographyto millions of pages in the Library of Congress’s NationalDigital Library. The variety of genres expands as thecreative efforts of bold designers mix and merge old formsto create new information resources, communicationmedia, and entertainment experiences (Table 2).

Draft February 26, 1996 - 2 - Ben ShneidermanOne way of categorizing websites is by the originator’sidentity : individual, group, university, corporation, non-profit organization, or government agency. Theoriginator’s identity gives a quick indication of what thelikely goals are and what contents to expect: corporationshave products to sell, museums have archives to promote,and government agencies have services to offer.Another dimension for categorizing websites is thenumber of web pages (Table 1): One-page bios or projectsummaries are typical small websites, organizationoverviews for internal or external use are medium sized,and airline schedules or the yellow pages are familiarlarger websites. Taxonomies of websites from manyperspectives are likely. The Yahoo home page provides astarting point but it changes regularly as the web grows(Figure 1).A third way of grouping websites is by the goals of theoriginators, as interpreted by the designers. These maybe simple information presentation in a self-publishingstyle where the quality is uncontrolled and the structuremay be chaotic. Information may be an index to otherwebsites or it may be original material. More carefullypolished individual life histories and impressiveorganizational annual reports are becoming more commonas expectations and designer experience increases. Ascommercial usage increases, elegant product catalogs,eye-catching advertisements, and lively newsletters willbecome the norm. Commercial and scientific publisherswill join newspapers and magazines in providing accessto information while exploring the opportunities forfeedback to editors, discussions with authors, and readerinterest groups. Digital libraries of many varieties areappearing, but full recognition of their distinct benefitsand design features is slowly emerging. Entertainmentwebsites are yet to appear commonly, although mostwebsurfers are enjoying their explorations.A fourth way of ordering websites is by the measures ofsuccess. For individuals, the measure of success for anonline resume may be getting a job or a making a friend.For corporate website owners the publicity is measured innumber of visits which may be millions per day,independent of whether users benefit. For others, thevalue is in promoting sales of other products such asmovies, books, events, or automobiles. Finally, forproviders to web access who earn fees from hourly usagecharges, success is measured by the thousands of hours ofusage per week. Other measures include diversity ofaccess as defined by the number of users or their countriesof origin, or whether the users came from university,military, or commercial domains.3. Users and their TasksAs in any user interface design process, we begin byasking: Who are the users? and What are the tasks? Anunproductive answer is that everyone is a user andtherefore no analysis is needed. Even when broadcommunities are anticipated, there are usually implicitassumptions about users being able to see and readEnglish. Richer assumptions about users being within acertain age group or educational background should bemade explicit to guide designers. Just as automobileadvertisements are directed to college-age males, youngcouples, or mature female professionals, websites aremore effective when targeted to specific audience niches.Gender, age, economic status, ethnic origin, educationalbackground, and language are primary audience attributes.Physical disabilities such as poor vision, hearing, ormuscle control call for special designs.Specific knowledge of science, history, medicine, or otherdisciplines will influence design. A website forphysicians treating lung cancer will vary in content,terminology, writing style, and depth from one providinginformation to patients.Knowledge of computers or websites can also influencedesign, but more important is the distinction between first-time, intermittent and frequent users of a website. First-time users need an overview to understand the range ofservices and to know what is not available, plus buttons toselect actions. Intermittent users need an orderlystructure, familiar landmarks, reversibility, and safetyduring exploration. Frequent users demand shortcuts ormacros to speed repeated tasks and extensive services tosatisfy their varied needs.Since many applications focus on educational services,appropriate designs should differentially accommodateteachers and students from elementary through universitylevels. Adult learners and elderly explorers may also getspecial services or treatments.Evidence from a survey of 13,000 web users conducted byGeorgia Tech (Pitkow and Kehoe, 1995) shows that 80%of the respondents were male, with an average age of 35,a median income above $50,000. A remarkable 72% aredaily users, and are likely to have a professionalconnection to computing or education. These profileshave shifted from previous surveys and will probablycontinue moving towards a closer match with thepopulation at large. Of course, the survey was voluntaryand drew upon the web community, so the sample isbiased, but still thought provoking.Identifying the users’s tasks also guides designers inshaping a website. Tasks can range from specific fact-finding where there is a single readily identifiableoutcome to more extended fact-finding with uncertain butreplicable outcomes. More unstructured tasks includeopen-ended browsing of known databases and explorationof the availability of information on a topic.Specific fact-finding (Known item search)- Find the Library of Congress call number ofFuture Shock- Find the phone number of Bill Clinton- Find the highest resolution LANDSAT image of College

Draft February 26, 1996 - 3 - Ben ShneidermanPark at noon on Dec. 13, 1997Extended fact-finding- What other books are by the author of JurassicPark ?- What kinds of music is Sony publishing?- Which satellites took images of the Persian GulfWar?Open-ended browsing- What�s in the Mathew Brady Civil War photocollection?- Who does research on human-computerinteraction?- How early are there hi-res infrared polar oceanimages?Exploration of availability- What genealogy information is at the Library ofCongress?- What is there on the Grateful Dead bandmembers?- Can NASA datasets show acid rain damage to soycrops?The great gift of the web is its support for all thesepossibilities. Specific fact finding is the more traditionalapplication of computerized databases with querylanguages like SQL, but the web has dramaticallyincreased the capability for users to browse and exploreeasily. It is an equal challenge to design for specific factfinding and to help users with poorly formed informationneeds who are just browsing.A planning document for a website might indicate thatthe primary audience is North American high schoolenvironmental science teachers and their students, withsecondary audiences of other teachers and students,journalists, environmental activists, corporate lobbyists,policy analysts, and amateur scientists. The tasks mightbe identified as providing access to selected LANDSATimages of North America clustered by and annotated withagricultural, ecological, geological, and meteorologicalfeatures. Primary access might be by a hierarchicalthesaurus of keywords about the features (e.g. floods,hurricanes, volcanoes) from the four topics. Secondaryaccess might be geographical with indexes by state,county, and city, plus selection by pointing at a map.Tertiary access might be by specifying latitude andlongitude.4. Objects/Actions Interface Model for WebsiteDesignThe Objects/Actions Interface Model (OAI Model, maybepronounced Oo-Ah Model) suggests the knowledgeneeded by users as well as the components of a design. Indesigning websites that present information (rather thancommunications, entertainment, or services), fourcomponents emerge:Task concepts- Information objects plus structure (e.g.hierarchies, networks)- Information actions for navigation (e.g.searching, linking)Interface concepts- Metaphors for information objects (e.g.bookshelf, encyclopedia)- Handles for actions (e.g. querying, zooming)The boundaries between these components is not alwaysclear, but this model has been helpful in designing andevaluating websites (Figure 2). In combination with arigorous development methodology or formal evaluationstrategy, the Objects/Actions Interface Model could speeddevelopment of effective websites.4.1 Designing task objects and actionsWhen users’s tasks involve information seeking, the focusbecomes the information objects plus their structure andthe information actions for navigation. Making informationobjects and actions comprehensible can be difficult.While many would describe a book as a sequence ofchapters and a library as a hierarchy organized by theDewey Decimal System, books also have book jackets,tables of contents, indexes, etc. and libraries havemagazines, videotapes, special collections, manuscripts,etc. It would be still harder to characterize the structureof university catalogs, corporate annual reports, photoarchives, or newspapers because they have still lessstandardized structures and more diverse access paths.In planning a website to present complex informationstructures, it helps to have a clear definition of the atomicobjects and then the molecular structures. Atoms can bea birthdate, name, job title, biography, resume, ortechnical report. With image data, an atomic objectmight be a color swatch, icon, corporate logo, portraitphoto, music video sample, or full hour-long performanceof a Shakespearean play.Information atoms can be combined in many ways to formmolecules such as a page in a newspaper, a cityguidebook, or an annotated musical score. Cleardefinitions are helpful to coordinate among designers andinform users about the intended levels of abstraction.Strategies for informational molecules are numerous, andhere is a starting list of possibilities:Short unstructured lists- City guide highlights, organizational divisions, current projects (and this list)Linear structures- Calendar of events, alphabetic list, human body

Draft February 26, 1996 - 4 - Ben Shneidermanslice images from head to toe, orbital swathArrays or tables- Departure city/arrival city/date, latitude/longitude/timeHierarchies, trees- Continent - country - city (e.g. Africa, Nigeria, Lagos)- Concepts (e.g. sciences - physics - semiconductors - gallium arsenide)Multi-trees, faceted retrieval- Photos indexed by date, photographer, location,topic, film-typeNetworks- Journal citations, genealogies, World Wide WebThese molecules can be used to describe structuredinformation objects. An encyclopedia is usually seen as alinear alphabetical list of articles, with a linear index ofterms pointing to pages. Articles may have a hierarchicalstructure of sections and subsections, and cross referencesamong articles create a network.Some information objects, such as a book table ofcontents, have a dual role since they may be read tounderstand the topic itself or browsed to gain access to achapter. In the latter role they represent the actions fornavigation in a book.The information actions enable users to follow pathsthrough the information. Most information resources canbe scanned linearly from start to finish, but their sizeoften dictates the need for shortcuts to finding relevantinformation. Atomic information actions include:- Looking for a Hemingway�s name in an alphabeticallist- Scanning a list of scientific article titles to find thebest matches- Reading or scanning a paragraph- Following a reference linkMolecular information actions are composed of atomicactions:- Browsing an almanac table of contents, jumping toa chapter on sports and scanning for skiing topics- Locating a scientific term in an alphabetic indexand reading articles containing the term- Using a keyword to search a catalog to gain a list ofcandidate book titles- Following cross reference from one legal precedentto another, repeatedly till no new relevant precedentsappear- Scanning a music catalog to locate classicalsymphonies by 18th century French composersThese examples and the ones in section 3 create adiverse space of actions. Some of these are learned fromyouthful experiences with books or libraries, others aretrained skills such as searching for legal precedents orscientific articles. These skills are independent ofcomputer implementation, acquired through meaningfullearning, demonstrated with examples, and durable inmemory.4.2 Designing interface objects and actionsSince many users and designers have experience withinformation objects and actions on paper and othertraditional media, designing for computer implementationcan be a challenge. The invisible world of binary logic,data structures, and magnetic storage can leave usersfrustrated. Physical attributes such as the length of abook or size of a map, which vanish when the informationis concealed behind a screen, need to be made apparentfor successful use. So website designers have the burdenof representing the desired attributes of traditional media,but also the opportunity of applying the dynamic power ofthe computer to support the desired information actions.Successful designers can offer users compelling featuresthat go well beyond traditional media, such as multipleindexes, fast string search, history keeping, comparison,and extraction.Metaphors for interface objects: The metaphoricrepresentation of traditional physical media is a naturalstarting point, and electronic books may have covers,jackets, page turning, bookmarks, position indicators, etc.and electronic libraries may show varied size and colorbooks on shelves (Pejtersen, 1989). These may be usefulstarting points, but greater benefits will emerge aswebsite designers find newer metaphors and handles forshowing larger information spaces and powerful actions.Information hierarchies are the most frequentlyrepresented metaphor with at least these examples:File cabinets, folders, and documentsBooks with chaptersEncyclopedia with articlesTelevision with channelsShopping mall with storesMuseum with exhibitsRicher environments include libraries with doors, helpdesk, rooms, collections, and shelves, and the City ofKnowledge with gates, streets, buildings, and landmarks.Of course the information superhighway is often presentedas a metaphor but rarely developed as a visual searchenvironment.Design of computerized metaphors extends to supporttools for the information seeker. Some systems providemaps of information spaces or at least some kind ofoverview to allow users to grasp the relative size ofcomponents and discover what is not in the database.History stacks, bookmarks, help desks, guides offeringtours are common support tools in information

Draft February 26, 1996 - 5 - Ben Shneidermanenvironments. Communications tools can be included toallow users to send extracts, ask for assistance of otherexperts, or report findings to colleagues.Handles for interface actions: The websiterepresentation of actions is often conveyed by actionhandles - the labels, icons, buttons, or image regions thatconvey where users should click to invoke an action.Navigation actions can be a turned page corner toindicate next page operation, a highlighted term for alink, a magnifying glass to zoom in or open an outline.Other action handles might be a pencil to indicateannotation, a funnel to show sorting, a bulldozer toindicate data mining, a coal car to show data extraction,or filters to show progressive query refinement.Sometimes the action handle is merely a pull-down menuitem or a dialog box offering rich possibilities.Detailed Designs - String search: The key interfaceaction in locating a relevant website and in searchingwithin a website is string search, but the variety offeatures can overwhelm even experienced users, and themeager methods for presenting/manipulating results couldbe vastly expanded. A further dilemma is that there arehundreds of variations and users of multiple websites areburdened with learning the rich variety of features andcommands. While search tools across vs. within websitesand for novices vs. intermittent vs. expert users mightrequire different features, standardization of a family ofimproved designs would be a tremendous benefit for all.Dynamic queries widgets for searching in structureddatabases have dramatically facilitated access. Thesewidgets include sliders for numeric attributes, radiobuttons or check boxes for categorical attributes, andalphasliders for nominal attributes. String search acrossand within websites will require creative solutions forsingle word concepts such as:- Case sensitivity (e.g. John, john, JOHN)- Partial vs. full word matching- Stemming to allow variant suffixes (e.g. love, loves,loved, loving)- Use of wildcard characters (e.g. ? for a singlecharacter, * for a string)- Checking for variant spellings (disk = disc, color =colour)- Phonetic match (fone = phone)and multiple word and complex concepts such as:- Adjacency of word pairs (e.g. before, after, within 10words, within paragraph)- Phrase finding (e.g. "human-computer interaction","Environmental Protection Agency")- Location of the search string (e.g. in title, abstract,full document)- Synonyms (e.g. oncology and cancer, William andBill)- Categories (e.g. New England searches for thenarrower terms Connecticut, Maine, Massachusetts,Rhode Island, and Vermont)Boolean combinations make the design space richer byadding AND, OR, and NOT with nested parentheses.Restricting the boolean combinations to conjuncts ofdisjuncts is a common solution, but expert users who wantfull generality might want to use the filter/flowvisualization of nested parentheses (Young &Shneiderman, 1993).Some systems advertise "natural language" queryfacilities, but these produce highly varied and thereforeunpredictable results for first time users. Systems vary asto whether the natural language queries are filtered toremove common words and phrases (e.g. the, of, give me,print out the), case matters, titles or full texts aresearched, keywords are joined with ORs or ANDs, andstemming is applied while retrieving results. Users areoften pleased because they usually get something backfrom a search request and relevance ranking leaves animpression of effectiveness. However, with experienceusers often become frustrated because they do not haveadequate control over the search and find the resultsunpredictable. Hiding irrelevant complexity is a benefit,but hiding necessary concepts is a mistake, except maybefor some novices. A natural language system which coulddeal with all dozen queries in section 3 seemsunattainable.The feedback from searches are presented in numerousways depending on the system. Feedback may includeerror messages for incorrect syntax (unmatchedparentheses, undefined commands) or prohibited concepts(before 1990 AND after 1992). Effective directmanipulation designs can reduce or eliminate these slips,but misspelled keywords or author names should lead tothe kind of feedback provided by a spelling corrector.Assuming these problems are overcome, the result of asearch could be just the next occurrence of the searchresult or the complete set. The complete set couldcontain zero, a moderate number, or a huge number ofitems. Some overview of the result set, possibly rankedby relevance or ordered and clustered by some attribute(e.g. chronologically or alphabetically by author) and thetools for manipulating it are needed. When the result setcontains zero or a huge number of items some analysis ofthe potential reasons and next steps would be helpful.Editing and history keeping for searches are alsocandidates for standardization. Designers are increasinglyturning to graphical methods for presenting the searchspace, the search, and the result set.Detailed Designs - Navigation: Whether the user isexamining a document, list, or graphic, it is often toolarge to see on the screen at once, so some method ofnavigation is needed. Common techniques includebreaking it into pages with discrete page turning andassuming a continuous stream with incremental scrolling.Page turning is cognitively simpler thus facilitatingorientation, but fixed page sizes in an application mayconflict with smaller or larger screen sizes, so many

Draft February 26, 1996 - 6 - Ben Shneidermandesigners simply apply the ubiquitous scroll bar andsupport scrolling. Improved scroll bars with proportionalthumbs, page boundary markers, and pixel-per-characteroverviews can be helpful. Actions include jumps to thenext, previous, first, and last pages of the document.Even with well designed scroll bars disorientation canoccur as documents grow long, therefore it is helpful toreduce the need for scrolling by creating compactdocuments.Some document browsers such as Adobe Acrobat offerseveral forms of overviews that can help users gain anunderstanding of the entire document. The pagethumbnails help orient the users and they can see howmany pages there are. For large documents several levelsof overviews may be needed and a nested indentedoutline presentation may be most effective (Chimera &Shneiderman, 1994). When a hierarchy is used additionalactions such as going down a level, back up a level, orjumping back to the root of the hierarchy. Typically astack is used to keep the history of pages of visited and inmany systems the user can view the history stack andjump to any page.Hierarchical outliners are a powerful method for dealingwith complex and large documents. They overview canbe manipulated in one window and the details can beseen in another. As pages are turned in the detail view,the position indicator in the overview should be updatedto preserve the tight coupling between the views.Search feedback can be shown on the hierarchy. Forexample, when searching for a keyword, indicators ofresults can be shown on the hierarchy, giving users anidea of where the richest candidate pages might be found.Detailed Designs - Query previews: For largedocuments or collections, especially when searchingacross the network, this principle can be expanded byusing query previews. The search process is split into twophases: a rapid rough search that previews only thenumber of items in the result set, and a query refinementphase that allows users to narrow their search and retrievethe result set (Doan, Plaisant & Shneiderman, 1996).For example, in searching for a restaurant (Figure 3) thequery preview screen gives users limited choices withbuttons for the type of food (e.g. Chinese, French, Indian),double-boxed range sliders to specify average price andtime, and maybe a map to specify rough regions. As usersmake selections among these attributes, the querypreview bar at the bottom of the screen is updatedimmediately to indicate the number of items in the resultset. Users can quickly discover that there are no cheapFrench restaurants in downtown New York, or that thereare several Chinese restaurants open after midnight.When the result set is too large users can restrict theircriteria and when the result set is too small they mustalter their plans.Query previews require database maintainers to providean updated table of contents that users can download tofacilitate the rapid search on the users’s local machine.The table of contents contains the number of items ineach attribute, but its cardinality is only the product of thecardinality of the attributes, which is likely to be muchsmaller than the number of items in the database. Storingthe table of contents burdens users who may have to keep10K-100K tables of information for each database thatthey search. Of course the size of the table of contentscan be cut down dramatically by simply having fewerattributes or fewer values per attribute. These burdensseem moderate when weighed against the benefits,especially if users search a database repeatedly. Thetable of contents is only the size of a typical image in awebsite and it can be automatically downloaded with thenecessary software when mechanisms such as Java areused.Detailed Designs - Session Management: Each search orjump is one step to accomplish a task within a session.When sessions cover many complex tasks it becomeshelpful to have a history of the session so that users canreview their progress, return to key steps, learn from theirfailures, and save/edit/reapply previous actions (possiblyon related databases). Other useful services are for usersto annotate what they have retrieved and extract text orimages for use in their own projects. Communicationswith the owners/designers/maintainers of a website andother users should also be supported, although theseservices are usually provided by independent softwaretools. Website users should be encouraged to commentabout errors or suggested improvements.Detailed Designs - Assistance: No matter how well-designed a website is, there will always be a need foronline and human assistance. The designers goal shouldbe to reduce the need for assistance, but with ever greaternumbers of users with ever greater expectations,descriptions of system features and contents, files withfrequently asked questions (FAQs), email help desks, andaccess to phone service (possibly for a fee) should bemade available.

Draft February 26, 1996 - 7 - Ben Shneiderman4.3 Designing displaysThe task concepts guide design of the information objectsand actions. Then designers can materialize the interfaceconcepts with metaphors for information objects andstructures accompanied by handles for actions. Butsuccessful design also requires wise choices for thedisplay design (e.g. menu layout, query results, fonts,colors) and of mechanisms to invoke commands (e.g.typing, dragging, or button presses). These visible designelements are often the most discussed aspects of designand the ones most directly implemented by HTML coding.Initial subjective satisfaction is strongly determined bythese surface features and therefore they deserve intenseattention (Horton et al., 1996).Designers must accommodate small and large displays,monochrome and color, slow and fast transmission, andthe disturbing variety of browsers that may not supportdesired features. The pressure for lowest commondenominator design is often outweighed by the desire toassume larger displays, use more detailed and morenumerous graphics, support Java applets, and employnewer features. Fortunately, balanced approaches thatenable users to indicate their environment and preferencesare possible. Since many key design decisions involvethe semantics, several versions of the syntacticpresentation can be developed for relatively smallincremental costs.Providing text only versions for users with small displaysand low bandwidth access is likely to be stronglyrecommended for many years to come. Low income usersusing low-cost devices, users in developing countries withpoor communications infrastructure, those wanting lowbandwidth wireless access, users with small personaldisplay devices, and handicapped users constitute a largeproportion of the potential users.Many personal websites can be developed by individualswho learn a modest amount of HTML or use a graphicinterface to generate HTML. Simple websites can becreated successfully with these tools, but innovative andeffective page layouts for a large website requires asmuch care and skill as laying out a newspaper, magazine,or book. Page layout is a well-developed topic for graphicdesigners, whose expertise is vital for innovative andeffective designs (Meggs, 1938). Grid layouts andconsistent structure help guide the reader. Distinctiveheadings and graphics signal boundaries and providefamiliar landmarks during navigation on the first visit andreturn visits. Indexes and short cuts give frequent userspaths for rapid traversal.An hour spent browsing websites will reveal diversescreen design philosophies. The poster designers usecentered titles, large graphics, ample white space, and asmall number of visually striking buttons, sometimes fromthe Peter Max school of colorful and fanciful imagery.Book designers use left-justified titles, a few smallgraphics, dense text that goes on for many pages, andnumerous text links. Newspaper designers start severalstories on the home page, each with its own heading,fontstyle, column, inset photos, and continuations. GIF-heads are eager to show their scanned photos, art,scientific images, or logos and place them on the pagewith little care for captions, layout, or the burden on userswith low bandwidth access. Hypertext fanatics chop updocuments into paragraph sized chunks or smaller and putas many links as possible per sentence.Each design philosophy is meant to appeal to certainusers and support certain tasks, but abuses which hindertask completion will eventually fade as users express theirdesires by favoring more convenient designs.Traditional graphic design rules often apply for the webenvironment. Large fontsizes or boldface typicallyindicate major headings, and medium fontsizes can signalminor headings. Text is best left as black on white orgray, enabling links to be highlighted by color and/orunderlining. A graphic logo is typical for an organizationhome page, and as users move down in a hierarchy, amoderate or small size logos can indicate location in thehierarchy. Three sizes of logos are probably as much asmost users can quickly grasp. For different branches of alarge hierarchy, variant logos, color coding of banners orbackgrounds can be effective, with a limit of 6-8variations. These recommendations emerge from graphicdesign books for paper documents, but new opportunitiesappear for electronic documents.Since the key indicator of position in a paper book is notavailable online, innovative substitutes are appearing.The simple approach of indicating "Page 171 of 283" canbe effective, but various analog progress indicators suchas scroll bars and page bars are emerging. More elaborateindicators such as a small tree or network diagram using ahighlight for the current location are being tried withvariations on the size and amount of detail.. Dynamicindicators that respond to mouse cursor placement byopening up a hierarchy or popping up detailed informationin a small window are still novel. Animated indicatorsthat reveal underlying structures or offer more details arelikely to emerge, along with auditory feedback, three-dimensional displays, and rich information visualizations.While scroll bars are the primary navigation tool sincethey provide a simple and standard mechanism, a pagingstrategy using page bars for discrete page turning iscognitively less demanding since users have a clearersense of position in a document. Designers can make useof tops and bottoms of pages to provide navigational cues(headers, footers, page numbers). Users become familiarwith a document be remembering a photo or figure at thetop of a certain page. Unfortunately this strategy isundermined by the wide variation in screen sizes, sodesigners have to commit to a specific size, such as 640 x480 pixels, and then users of larger or smaller screenshave to accommodate to the standard. When designerscan assume a larger screen as standard, then the shifttowards page orientation will be more common.

Draft February 26, 1996 - 8 - Ben ShneidermanThe great disparity in transmission speeds has led todesign of two versions of websites: text only and graphicallayouts. A second solution is the design of browsers thatdownload and display the textual components first and fillin the graphics if time permits. The use of imagethumbnails which can be optionally expanded is anotherappropriate accommodation. Opinions are split over theuse of low resolution graphics that become enhanced astime permits.Accommodating diverse users should be a strong concernfor most designers since it enlarges the market forcommercial applications and provides democratic accessfor government services. Testing of websites should bedone with monochrome only devices, low bandwidthtransmission lines, and with small displays. Additionallyaccess by way of telephone or voice input/output deviceswill service handicapped users and enlarge accessdramatically. Access to websites might also come fromsmall wristwatch-sized displays, wallet-sized pocket PCs,or tiny personal video devices that could be mounted oneyeglasses (e.g. Reflection Technologies innovativedisplay).Pointing devices could be the traditional mouse,trackball, trackpoint, touchpad, touchscreen, or eyegazedetection devices. Cursor control arrow keys could beused to support jumping among highlighted items.Branching factor is a key design issue for websites. Theevidence from menu selection systems is that broadshallow trees are almost always superior. High fan-out orbranching factors for websites appears to be good advicealthough conclusive empirical evidence is yet to emerge.After three jumps a user begins to become dis-oriented.Well designed pages with dozens of links can be a greathelp to users. The wildly successful Yahoo index has 83links in 16 categories in a two column layout with aheader for general links and a footer with navigationallinks. When links are embedded in paragraphs of text,some caution is needed to prevent excessive links that arerepetitious. A common strategy is to highlight only thefirst occurrence of a potential link name, e.g. anorganization or individual name. Repeated highlightedlinks in the text disrupt reading.5. Usability testing for websitesUsability testing is recommended for all user interfaceprojects, but there are special needs for website testing.As always, the questions of Who are the users? and Whatare the tasks? guide designers. The testing should bedone with representatives of each of the primary usercommunities and as many of the secondary communitiesas time and money allow (Nielsen, 1995). Users of variedages, gender, ethnic backgrounds, as well as internationalusers may be included. The task frequency list developedduring needs assessment provides guidance forconstructing test tasks.Users should be tested in realistic settings that resemblethe office or home environments that are anticipated. Arange of devices with varying screen sizes andtransmission speeds should be tested. Voice accessshould be tested for handicapped and other users. Sincebrowsers have such varied features, testing should be donewith the most widely used browsers so as to be able toinform users about which browsers are needed for fullaccess. Unfortunately, there appears to be greaterdiversity as time goes by.After early in-house testing with limited numbers of users,a more extensive in-house test might be conducted beforethe intensive field testing on the web before a publicannouncement. A phased roll-out process will protectagainst disaster, improve quality, and ensure the highestsatisfaction by the largest number of users.6. Logging usage, inviting comments, andmaintaining the websiteThe website developer’s work is never done. The moresuccessful a site is the more opportunities there are forrevision and improvement. Software logs should capturethe frequency of usage for each page or at least eachcomponent of a database. High and low frequency pagestatistics reveal patterns that provide evidence forimproving a website. If some components are neveraccessed then they can be removed or the references tothese components might be improved to draw attention.Logging software can also reveal patterns of usage over amonth, week, or day, and can indicate the paths userstook to arrive at and to traverse a website.In addition to automated logging, website maintainers cansolicit feedback from users by email or surveyquestionnaires embedded in the website. Userdemographics and motivations may be helpful in refininga website. To get in-depth understanding, websitemaintainers may interview users individually by phone orpersonally, or conduct focus group discussions amongusers.7. Practitioners SummaryGood design makes the difference between a must-seetop-ten site and a worst webpage award. Specifying theusers and setting goals come first, followed by design ofthe task concepts for information objects and actions.Next designers can create the interface conceptsrepresented by the metaphors for information objects (e.g.bookshelf, encyclopedia) and the handles for actions (e.g.querying, zooming). Finally, the display design andcommands can be created in multiple visual formats andinternational versions, while providing access forhandicapped or poor readers. Every design project,including website development, should be subjected tousability testing and other validation methods, plusmonitoring of use to guide revision.

Draft February 26, 1996 - 9 - Ben Shneiderman8. Researcher’s AgendaMany results from other user interface areas such asmenu, hypertext, and screen design can be applied towebsite design. On the other hand the novel communitiesof users, innovative databases, ambitious services,emphasis on linking and navigation, and intense use ofgraphics present fresh challenges and rich opportunities toresearchers to validate hypotheses under these constraints.Theories of information structuring are emerging as arestandards for representing traversal actions, but thecreative frenzy on the web is likely to present newopportunities for design research for many years to come.Controlled experimental studies are effective for narrowissues, but field studies, data logging, and online surveysare attractive alternative research methods in the wide-open web. Focus groups, critical incident studies, andclinical interviews may be effective for hypothesisformation. Other low hanging fruit include sociologicalstudies about impact of web use on home or office life,and political studies of its influence on democraticprocesses.Acknowledgments: My appreciation to Maryle Ashley.Cheryl Graunke, Richard Greenfield, Gary Marchionini,and Catherine Plaisant for their comments on earlyversions.ReferencesChimera, R. and Shneiderman, B., Evaluating three userinterfaces for browsing tables of contents, ACMTransactions on Information Systems 12, 4 (October 1994).Doan, K., Plaisant, C., and Shneiderman, B., Querypreviews for networked information services, Proc.Advanced Digital Libraries Conference (May 1996).Flynn, Kaurie, Making searches easier in the web�s sea ofdata, New York Times (October 2, 1995).Horton, William, Taylor, Lee, Ignacio, Arthur, and Hoft,Nancy L., The Web Page Design Cookbook, John Wiley& Sons, Inc., New York, NY (1996).Isakowitz, Tomas, Stohr, Edward A., andBalasubramanian, P., RMM: A methodology forhypermedia design, Communications of the ACM 38, 8(August 1995), 34-44.Lemay, Laura, Teach Yourself Web Publishing with HTMLin a Week, Sams Publishing, Indianapolis, IN (1995).Lynch, Patrick J., Yale, C/AIM WWW Style Guide,http://info.med.yale.edu/caim/StyleManual_Top.HTML(September 5, 1995).Marchionini, Gary, Information Seeking in ElectronicEnvironments, Cambridge University Press (1995).Meggs, Philip B., A History of Graphic Design, VanNostrand Reinhold (1983)Nielsen, Jakob, Multimedia and Hypermedia, AcademicPress, San Diego, CA, (1995).Nielsen, Jakob, A home-page overhaul using other websites, IEEE Software (May 1995), 75-78.Nielsen, Jakob, Using paper prototypes in home-pagedesign, IEEE Software (July 1995), 88-97.Nielsen, Jakob, Sun studies of WWW design,http://www.sun.com/sun-on-net/www.sun.com/uidesignPejtersen, A. M., A library system for information retrievalbased on a cognitive task analysis and supported by anicon-based interface, Proc. ACM SIGIR Conference(1989), 40-47.Pitkow, Jim and Kehoe, Colleen, GVU’s 3rd WWW UserSurvey, www-survey@cc.gatech.edu (1995).Shneiderman, B., Designing the User Interface: Strategiesfor Effective Human-Computer Interaction, Second Edition,Addison-Wesley Publ. Co., Reading, MA (1992).Shneiderman, B., and Kearsley, G., Hypertext Hands-On!,Addison-Wesley Publishing Co., Reading, MA (1989).Young, D. and Shneiderman, B., A graphical filter/flowmodel for boolean queries: An implementation andexperiment, Journal of the American Society forInformation Science 44, 6 (July 1993), 327-339.

Draft February 26, 1996 - 10 - Ben Shneiderman Number of Web pagesExamples 1-10 Personal bio Restaurant review Project summary Course outline 5-50City guidePhoto portfolio/exhibitConference programOrganization overview 50-500 Book or manualWhite House tour Corporate annual reportProduct catalog/advertisement 500-50,000 Photo libraryMuseum tour Technical reports Music/film databases 5,000-50,000 University guideNewspaper/magazine50,000 - 500,000 Yellow pagesAirline schedule >500,000Congressional digestJournal abstracts > 5,000,000 Library of Congress--Table 1: Website genres with approximate sizes and examples Sell productspublishers, airlines, department stores Advertise and promote products NBC, Ford, IBM, Microsoft, Sony Inform and announce universities, museums, cities Provide accesslibraries, newspapers, scientific organizations Offer servicesgovernments, public utilities Create discussions public interest groups, magazines Nurture communitiespolitical groups, professional associationsTable 2: Website goals tied to typical organizations

Draft February 26, 1996 - 11 - Ben Shneiderman

Draft February 26, 1996 - 12 - Ben ShneidermanOBJECTS/ACTIONS INTERFACE MODEL

Task Concepts Interface Concepts Objects ActionsObjects ActionsFigure 2: Objects/Actions Interface Model as a basis for website design