eMMaC: Knowledge-Based Color Critiquing Support forNovice Multimedia AuthorsKumiyo Nakakoji,1,2,3 Brent N. Reeves, 2 Atsushi Aoki,1,2Hironobu Suzuki, 1 and Kazunori Mizushima1ABSTRACTResearch in multimedia authoring has mainly focused onincreasing features available to the title designer. Whilenot arguing against rich functionality, we claim thatsimply adding more features to an already complexmultimedia authoring system does not solve fundamentalproblems inherent in multimedia authoring tasks. Casualauthors need knowledge-based support to harness thepower of high-functionality authoring tools and producegood titles, ones which communicate the contentseffectively and efficiently. This paper addresses theproblem of color and image choice in static multimediaproducts. Cognitive research on color suggests a domainmodel which serves as basis for computer-based critiquingof color combinations and balance. This paper focuses ona knowledge-based mechanism, eMMaC, which critiquesthe use of color in a title under construction, describes thetheory underlying the critique, suggests appropriate colorusage, and helps users benefit from belonging to acommunity of users.KEYWORDShuman factors, knowledge-based authoring environments,critiquing, color usage, usability, user interfacesINTRODUCTIONThe implicit assumption behind most multimediaauthoring tools is that users have a clear goal in mind andonly need more powerful mechanisms to achieve it. Thisviewpoint underestimates the domain knowledge requiredto produce good titles [3]. There are essential facets ofmultimedia authoring which technology will not solve.An excellent title is the result of knowledge, expertise,and skill, but not necessarily powerful tools. In thedomain of user-interface design, for instance, thoughsophisticated user interface construction kits decreased theoverall effort required for creating an interface, they did notautomatically lead to the production of more usefulinterfaces, the design of which requires knowledge of userinterface design as well as the application domain. In thesame way, creating multimedia titles requires multimediaexpertise in addition to knowledge about the contentdomain. This paper argues that as multimedia authoring toolsbecome more wide-spread and accessible, the lack ofdomain expertise, rather than the lack of sophisticatedtools, will hamper the ability of novice authors to designtitles. Multimedia novices, who are not interested inbecoming professional graphic artists, but want to usemultimedia as an enabling technology, need support toproduce good products. Well-designed multimedia titlesconvey information content effectively and efficiently.Multimedia technology enhances the ability to representand communicate information in many domains. Forinstance, software engineers use animation forrequirements analysis, hypermedia for on-line manuals,and movies for bug-reports. Just as laser printers led atfirst to a proliferation of "fontitis" (the maximum numberof fonts on a single page) resulting in illegibledocuments, so will multimedia authoring tools lead to thechaotic use of color, sound, image, and video.Multimedia has the feature that it is easy to overspecify apoint. For example, what used to be illustrated by asimple sketch can now be illustrated with a high-resolution photograph. The problem is that photographsdiffer from sketches in that they contain additionalinformation that may not be relevant to the point [15].Though they add visual appeal, they also add irrelevantinformation, such as weather or subjects. This candistract or even mislead readers.This paper focuses on a knowledge-based mechanismwhich critiques the use of color in a title underconstruction, describes the theory underlying the critique,suggests appropriate color usage, and helps users benefitfrom belonging to a community of users. Color usage isan important aspect of multimedia titles. What are themost salient features of color that expert multimedia1 Software Technology Center2Software Research Associates,3Center for LifeLong Learning andInformation-Technology PromotionInc., DesignAgency1113 Spruce Street, Suite 502University of Colorado3-1-38, Shiba-KouenBoulder, CO USA 80302Boulder, CO USA 80309-0430Minato-ku, Tokyo, 105, JapanTel: +1 (303) 492-3912; Fax: +1 (303) 492-2844E-mail: kumiyo@cs.colorado.edu; URL: http://192.218.88.131/STC/MMP/home.html designers know and novices do not? Though hard rules donot abound, studies in visual communication designsuggest theories and guidelines about human colorperception, cultural associations of color, and appropriatecolor combinations [1, 26, 30, 16, 10, 29, 22, 31], whichnovice multimedia designers ignore at the expense of thereader. Our research attempts to bring this knowledge tobear during the design of a multimedia product. Ourresearch question in this paper is, "How can we providenovice multimedia authors with knowledge about goodcolor usage?"In this paper, we first present cognitive issues inmultimedia authoring for novices. Then we brieflydescribe our knowledge-based design environmentapproach as a framework, and present its computationalcritiquing mechanism. Though the eMMaC (ColorCritics in Environment for Multimedia Authoring)component is designed as part of the whole designenvironment (eMMa) [19], eMMaC can be used as astand-alone tool in the current implementation. Weillustrate strengths and weaknesses of this approach via adetailed scenario and then conclude with future work.KNOWLEDGE-BASED SUPPORT FORMULTIMEDIA AUTHORINGCognitive Issues in Multimedia AuthoringThe single most important barrier novice multimediaauthors face in creating good titles is not a technologicalproblem, but the problem of expertise or knowledge aboutmultimedia design. A survey of commercially available multimedia authoringtools shown in Table 1 illustrates the common (andmisguided) assumption that more functionality leads to abetter product. From release to release, these productsappear to have been "improved" with an overwhelmingnumber of highly domain-specific commands, such as"gaussian blur" and "KPT sharpen intensity." Noviceauthors have to learn not only how to use the command,but also when it is appropriate, and what side effects resultfrom its use. Research in multimedia authoring has beeninvestigating representations which simplify themanipulation of information intertwined with the timedimension, for example, programming-like languages [12]and direct-manipulation style graphical interfaces [11].Such computational support is only useful for expertusers who already know what they want to achieve andhow to achieve it. This population is shrinking rapidly inrelation to experts in other domains who are beginning towant to take advantage of multimedia.In multimedia authoring, goals vary from functionalrequirements (e.g., "an instruction manual for a productused mostly by elderly people" or "a conference schedule")to abstract concepts (e.g. "warm titles" or "relaxedatmosphere") to specific constraints (e.g., to use acorporate color "blue"). Authors need to map theseintentions to detailed design decisions of authoring titles,such as color usage, sound and image associations,whether to use human or computer-generated voice, etc.The mapping process requires knowledge both in thedomain of each media, and in the domain of "multiple-media" representations. For example, in choosing color,there is knowledge such as "red and orange provide a warmatmosphere" [26] or "avoid red and green in the peripheryof large-scale displays" [16]. In combining multiplemedia, knowledge such as "active processing of twoconcurrent sources of speech output is highly stressful" or"users can attend to more than one modality if they sharecommon topics" [3].Novice multimedia authors do not have well-formed goalsand plans. They suffer from a lack of knowledge of theinterdependencies between understanding problems andidentifying existing tools to solve these problems.Unfamiliarity with this mapping leads authors toconcentrate too quickly on implementation issues, andthey often overlook alternative solutions.When confronted with a highly complex system, there areseveral hurdles novice users face [6, 7]. First, users donot know about the existence of information. The systemcontains much more than the user even knows exists.Second, users do not know how to access information.Multimedia systems are getting to the point ofcomplexity where knowing something exists is notenough to be able to find it. Third, users do not knowwhen to use information. So little of the functionality ofa complex system comes with examples of when it isappropriate to use a certain function.Multimedia authoring is a design task. Design tasks,such as architectural design, mechanical engineeringdesign, software design, writing, or music composition,require human creativity and judgment. Design tasks areill-defined [28] or wicked [24] because the processes ofidentifying design intentions (problem specification) andconstructing a concrete design representation (solutionconstruction) are intertwined. Our approach to supportmultimedia authoring as design task focuses onaugmenting human design activities with domain-oriented,knowledge-based design environments [9]. Design environments are computer systems that containdesign tools and information repositories that designersuse for understanding, reflecting on, and creating theirdesigns. The environments support designers incoevolving problem-understanding and solution-buildingby monitoring designers’ activities and delivering designknowledge relevant to the task at hand. The critiquingcomponent described below is one of these kinds ofknowledge delivery mechanisms.

Table 1: Functional Complexity of Commercially Available Multimedia Authoring Tools(Note that there are additional 25 - 30 commands associated with the "File" and "Edit" menus.)ApplicationNameS i z e Number of commands in thefirst level Menus (at the start-up state)Manual Size¥pages¥on-lineMACRO MEDIADIRECTOR3M14 (Display) + 14 (Cast) + 17 (Score) +17 (Format)+ 504 commands in LINGO language1668 pages418MMACRO MEDIASoundEdit161M7 (View) + 13 (Sound) + 21 (Effect) + 2(Window)258 pages26KAdobe Premier 4.0(for Macintosh)8.8M(incl. 3.5Mplug-in)11 (Project) + 7 (Create) + 16 (Clip) +10 (Window) + 180 Plugin Modules351 pages14.9M Adobe Photoshop3.0J(for Macintosh)12.6M(incl. 2.7Mplug-in)11 (Mode) + 32 (Image) + 47 (Filter) +13 (Selection) + 6 (Window) + 100Plugin Modules832 pages8.4MeMMaC : A Color Critiquing Component of aKnowledge-Based Environment for MultimediaAuthoringeMMa (environment for multimedia authoring) is basedon the multifaceted architecture for domain-orientedknowledge-based design environments [9] and was createdin a project "Supporting Creativity in RepresentingInformation" funded by Information technologyPromotion Agency, MITI, Japan. The overall architectureof eMMa is described in [19]. This paper focuses on thecritiquing component, eMMaC, which has beenprototyped to investigate knowledge about color usage.Critiquing is a dialog in which the interjection of areasoned opinion about a product or action triggers furtherreflection on or changes to the artifact being designed.Computer-based critics are made up of rules or proceduresfor evaluating different aspects of a product [8, 27].Previous experience with computational critiquingsystems [8, 21] demonstrated that critiquing systemssupport designers in: (1) refining both the specificationand the solution, (2) learning new domain concepts, and(3) articulating previously tacit domain knowledgetriggered by critiques [20]. We have applied acomputational critiquing approach in supportingmultimedia authors in the use of color. The goal of thecolor critiquing component eMMaC is to:¥help designers use color appropriately based onresearch in both human color perception and thehistory of color across cultural boundaries;¥leave designers room for creativity - the system doesnot force designers to follow critiques but augmentstheir skill and ability; and¥help designers articulate and accumulate domainknowledge.Figure 1 illustrates the architecture of eMMa, acomponent of which is a color-critiquing component,eMMaC. eMMaC uses a community knowledge-base,which contains knowledge (critiquing rules) about colorperception and color theory. This knowledge is based onresearch in human visual perception and the history ofcolor usage in different cultures. Thus, the type ofknowledge varies from scientifically sound rules to notesabout historical usage and rules of thumb.eMMaC takes into account the author’s goals specified inthe specification component of eMMa (eMMa-SPEC).The specification is used to identify applicable critiquingrules from the knowledge-base and enable those rules [18].eMMaC analyzes any bit map; a user selects an area onthe screen and invokes eMMaC. eMMaC then analyzesthe bit map image by applying the enabled critiquingrules, identifies rule violations, and displays critiquingmessages. The displayed critiquing messages are linked toarguments stored in the community knowledge-base,which provides detailed discussion about the critiquingrule. The next section details this.COLOR CRITIQUING IN EMMAeMMaC is written in Visual Works� Smalltalk and runson several platforms. While originally intended to be oneof several knowledge-based components of eMMa,eMMaC has been redesigned so that it will work with anyauthoring tool. This makes it useful to multimedianovices regardless of the environment they are learning.Much research has been done in the use of color, theoriesof color, and physiology of color. For example, theMunsell Color system uses hue, value and chroma torepresent a color [26]. Hue is the name of the pure stateof color or chromatic group, determined by itswavelength. The Munsell system has five principle andten secondary hues. Value represents lightness or darknessof a hue, also called as brightness, luminosity, reflection,tint, or shade. The Munsell system has nine value levels,

DesignIntentionCOMMUNITYKNOWLEDGEBASEeMMa-SpeceMMaeMMaCeMMa-ConceptEditorDesignArgumentsCriticsSuggestionsRetrieved imagesDisplay Windows eMMa-WorkAreaFigure 1: Critiquing Component in eMMaThe critiquing component (eMMaC) takes into account the designer’s goals and intentions for the authoring task(eMMa-SPEC), identifies relevant critiquing rules from a community-knowledge-base, and analyzes a bitmap imagegiven in the eMMa-Workarea. The other components are further described in [19]. ranging from pure black to pure white. Chroma is thestrength of a hue at a certain value, also called purity,saturation, or intensity. To describe how eMMaC works,we present a scenario in three sessions. Each sectionbegins with a description of a user interaction with thesystem, then describes the problem of interest, and anyrelevant system mechanisms. The scenario is about amultimedia title author Joy, who wants to produce a titleto describe how to maintain a bicycle.Color balance and associationsScenario-1Joy creates an image of a bike with PhotoShop, colors thebike yellow and the background purple. Joy selects thisarea on the monitor and asks for a critique. eMMaCdisplays the critiquing window, which states "the balanceof purple and yellow is not appropriate," and shows her acopy of the image, with a much lighter yellow instead.Also, the system shows a list of associations of the colorpurple (see Figure 2). Note that the preference ratings forpurple are higher for adults than children.Color Balance. eMMaC creates a histogram of colorsand identifies the two most frequently used colors. In theabove scenario, purple and yellow are identified as the twoprimary colors in the area of Joy’s partially constructedtitle. The system computes the balance between the twocolors using the Munsell color scheme algorithm [26].The algorithm uses the inverted ratio based on thenumbers to identify the balance; for example, Yellow is96, Purple is 24, so the ratio of Yellow to Purple shouldbe 24:96, or .25. The system computes the area used forYellow and Purple, in this case, 26%:72% = .36. If theideal ratio deviates from the actual ratio by more than10%, the system suggest that the balance isinappropriate.Figure 2: eMMaCAn Image of a yellow bike with a purplebackground is critiqued along with a list ofassociations for the color purple.At the same time, the most frequently used color, in thiscase, purple, is assumed to be a theme color by thesystem, and the system adjusts the secondary coloraccording to the area computed. For example, since thearea is .36, the Yellow-Purple ratio should be .36. Thenumber of Purple is 24, so the ideal yellow color is24/.36 = 67. The system looks for candidates of yellowsthat have the number 67, and chooses the median, thenchanges the color to the computed color and presents it asa suggestion (i.e., lighter yellow, in the above scenario).Color Association. eMMaC also provides culturalassociations of colors in the form of a hypermedia argumentation-base. A basic set of concepts is in thesystem and more can be added by the user. They are also used in eMMaC-SPEC as described below.eMMa-SPEC and Tuning CritiquingScenario-2Joy looks at the critiquing messages and the modifiedimage. Now she has learned some social associations ofpurple, and notices that adults like purple more thanchildren. This reminds her that the title is in fact forchildren. She opens up eMMa-SPEC and specifies designgoals by selecting "children" and "instruction" from themenu provided by the system, then adds "bicycle" as anew concept (see Figure 3). She also selects yellow as atheme color. She asks eMMaC to critique her partiallyconstructed title again, and is informed that "Color balanceyellow:purple is inappropriate" but this time, it adjuststhe background purple color to a lighter purple. Anothercritiquing message says that yellow is not preferred bychildren.eMMa-SPEC. eMMa-SPEC is a goal specificationcomponent, to fine tune the critiquing behavior (see [19]for detail). For example, in the first scenario, the systemprovided only generic level suggestions and guidelines forthe use of color. Through studies of critiquing systems,we have learned that critiquing should take into accountthe user’s goals [21].eMMa-SPEC (Figure 3) offers three types ofrepresentations for specifying user’s goals: a theme color,textual concepts, and freehand sketches. Users can select acolor by either clicking on a color pixel anywhere on thedisplay, selecting from a menu of color names, or using acolor picker. Color names are based on [10], and userscan define new names.The user selects textual concepts from a pop-up menu orcreates new ones. Predefined concepts include: colortemperature (e.g., warm, cool), atmosphere (e.g., happy,sad, cheerful), types of titles (e.g., instruction,entertainment), target age (e.g., children, adults, elderly),and geographic and racial culture (e.g., Japan, Greece,USA). The concepts representing atmosphere are from[13], which maps emotional phrases to a warm-cold andlight-dark two dimensional space, and from [26]. Thespecified concepts are used to identify relevant critiquingrules (see below). Finally, eMMa-SPEC allows users to add freehand sketchesto the goals. They may use this as a rough draft of aninterface design, or representing the content of a title, forexample, a mountain bike.Tuning Critiquing: Specific Critics. Based oneMMa-SPEC, eMMaC identifies: theme color, conceptsrepresented in eMMa-SPEC, but the currentimplementation does not yet take into account thefreehand sketches.eMMaC will not change the theme color when balancingcolors even if it is not the dominant color. The defaulttheme color is the dominant color; for example, purple inthe above scenario. Since Joy explicitly specified yellowas theme color, the system did not change yellow, butadjusted purple to get the appropriate balance. If thespecified theme color is neither the first nor second mostfrequent color then the system calculates the balancebetween the specified theme color and the dominant color.Some images have a background color which is supposedto be transparent, for example GIF images which use thebackground of the window in which they are displayed astheir own background. To accommodate this, eMMaCallows the user to specify a list of colors to ignore so thatthey do not affect any calculations.Critiquing rules represent interdependencies betweenconcepts and colors [19]. Concepts and colors are linkedwith a positive or negative link. For example, theconcept "warm" is linked positively to "orange," "red" andother "reddish" colors that reside in the spectrum of warmcolors defined in most color literature. The concept"children" is negatively linked to yellow, and the link isassociated with an argument, "in many cultures, yellow isnot favored by children." eMMaC identifies suchinterdependencies that are related to concepts in eMMa-SPEC and checks the existence of specific colorsassociated with negative links. For detailed mechanisms,see [19].Color Palettes and Image RetrievalScenario-3Having seen the critiquing message "Theme color has lowPreference rating for Children," Joy does not accept thecritique, because yellow is the color of the children’s bikeclub. So she makes an annotation in the argumentationbase saying that "Though intended for children, yellow isused because it is the team color." She adds a newconcept "Organization Color" and specifies that yellow isthe organization’s color. Joy wants to find colorcombinations with the theme color she has specified (i.e.,yellow) and asks for "Suggested Color Combinations."eMMaC presents sets of color palettes. Joy also asks for"Suggested Images," then eMMaC presents her withseveral images which have yellow as a dominant color(see Figure 4).Suggested Color Palettes. Based on the themecolor (or the dominant color as default), eMMaC presentsappropriate combinations of colors to suggests as colorpalettes. The combinations are similar to the MunsellColor System 3-D space combinations [26].Image Retrieval eMMa’s community knowledge-baseoffers a library of 1,000 public domain images, includingphotographs, graphics, and icons. The system allowsusers to retrieve images based on the use of color,

Concepts: Children Instruction bicycleTheme color:Sketch: Figure 3: eMMa-SPECChildren and Instruction are concepts chosen from the menu. The user typed "bicycle."Figure 4: Color Palettes and Retrieved Imagesthe center of gravity, and brightness [2]. Each image ofthe library is associated with color histograms and in thisscenario is used to retrieve images that have yellow as thedominant color. Summary of eMMaCIn summary, eMMaC provides the following services:1. Color combinations. when a user selects a theme color,the system provides the user with several colorcombinations based on various movements through thecolor-space.2. Color balance. The system identifies inappropriatebalance between two colors; e.g. a theme and secondarycolor, or the two most frequently used colors. It illustratesthe critique by copying the user’s image and adjusting thebalance.3. Color association. The system presents associations ofthe theme color and identifies inappropriate use of colorsin terms of abstract concepts specified in eMMa-SPEC.For example, the concept of warm colors (red, orange,etc.). The system checks for the absence of positivelylinked colors from the specified concepts in eMMa-SPEC,or the existence of negatively linked colors from thespecified concepts in eMMa-SPEC (see Section 3.2). Thedescriptions of associations are provided in theargumentation-base, which is implemented as a hypermedia system. The system allows users to annotatean argument by adding a node to the hypermedia system.DISCUSSIONThe mechanisms presented in this paper are based ontheories of design and assessment of previous efforts inknowledge-based support for design tasks [9, 20]. Thetwo most important multimedia authoring challenges are:what design decisions to make so that the product resultsin an effective and efficient title, and how to implementthe design decisions. We have argued that existingmultimedia authoring tools assist users only in the latter.We are building a system that complements existing toolsby assisting users with the first challenge. eMMaCaugments authors without depriving them of theimpressive functionality provided by existing tools.In this section, we evaluate our approach in supportingmultimedia authoring, describe how to support theevolution of the knowledge-base, and discuss futuredirections.Applying the Critiquing Approach to MultimediaAuthoringRather than building expert systems [4] that automaticallyproduce a "good" multimedia title, we have taken thecritiquing approach that supports and augments people inauthoring titles. Relative to most critiquing systems thatevaluate a solution in terms of generic domain knowledge[27], our critiquing system is unique in that:¥it provides a specification component to describe theuser’s design goal, which enables the system tocritique a partial solution in terms of the specifieddesign goals. This allows users to refine not only thepartial solution but also the partially stated designgoal;¥it relates domain specific argumentation to the currenttask. Users may annotate and argue with the critiquesif necessary. The modifications and additions willserve to improve the community knowledge-base; and ¥it deals with non symbolic representations by using ascheme to map a color to symbolic representations[10].eMMaC addresses several fundamental barriers to complexsystem use as follows.Users do not know about the existence of information.eMMaC contains knowledge specific to the domain ofcolor theory. It informs the user of knowledge related tocolor selection. The user need not ask specifically aboutcolor balance, for example, because eMMaC knows whenit is appropriate.Users do not know how to access information. A briefperusal of the documentation for any of the highfunctionality authoring systems should convince the readerthat knowing that certain information exists in the systemis still not enough to be able to find it. eMMaC wasintended to operate in an environment where it had accessto the underlying representations and could thus addressthis point, but the first prototype has instead beenimplemented in a platform independent way. We arecontinuing to study this issue.Users do not know when to use information. Critiquingis particularly suited to address this problem, because atits best, a critique brings the most relevant information tobear on any specific task.Knowledge-base EvolutionDomain knowledge for multimedia authoring is immature,requiring continuous growth and refinement. One cannotdevelop a complete knowledge-base for supportingmultimedia authoring, because tacit design knowledgeexists in any design domain [23]. Since it is impossibleto completely codify design knowledge but only the partsthat have been articulated, computer systems can haveonly limited design knowledge in their knowledge bases.eMMa starts with a small, incomplete knowledge-base asa seed. Then eMMa’s critiquing mechanism supports thecycle of knowledge delivery and knowledge elicitationfrom users, which contributes to the gradual evolution ofthe knowledge-base [20]. Our previous user studies withknowledge-based critiquing systems in other domains [17,20] demonstrated that the system’s critiques (1) invokeddesigners’ reflective thinking, (2) made designers aware oftacit design knowledge, and (3) caused designers todisagree with the system and provide new domainknowledge. That is, the system encouraged designers toarticulate critiques to the current situation as knowledgeelicitation. The elicited and stored knowledge was takeninto account by the system to change the subsequentbehavior of the system. Technical details for thesemechanisms are provided in [17] and [19].Although the current system provides a single communityknowledge-base, we foresee that as the domain matures,domain-specific multimedia authoring knowledge willemerge. Also, as discussed below, as multimediarepresentations depend on cultural background, it isimportant to partition a knowledge-base according to thespecific types of design goals [21]. A knowledge-base canbe partitioned according to a perspective for an authoringtask, and authors can specify which perspective to usethrough eMMa-SPEC. Issues such as how to maintainconsistency and eliminate contradiction, and how tosupport the growth and reorganization of the knowledge-base need to be considered.Future WorkApplication to Other MediaThis paper presented a knowledge-based supportmechanism in the domain of color. We are extending ourframework to the domains of sound, image, and theintegration of multiple media.In the domain of sound, there has been research incomputer-generated music and emotional associations

[13]. We have also conducted our own experimentsasking subjects to associate images to music. Althoughthe analysis is still in progress, there are alreadyinteresting findings such as: 1) it seems easier to associatemusic with a photograph than to an icon, and 2) musicassociations are highly dependent on culture. Lohse et al. [15] discuss classification of images. Theyand other researchers have identified several rules thatappear to novices to be quite counter intuitive, such as"photo-realistic images convey less information than othertypes of images," "using less complex, more schematicicons enhances identification and memorability, becauseirrelevant elaborate details about pictures are not easilydiscriminated from simpler versions of the target pictureswithout the elaborate details." The system can usetechniques to automatically process images (such asdiscussed in [5]) for more content-oriented critiquing.Although domain knowledge has been constructed in eachsub domain of multimedia, such as sound, color, imagesand videos, we do have not yet have a good understandingof integral usage of multimedia, which integrates a varietyof media with the time dimension. Although Bearne et.al.[3] suggest formalizing usability guidelines formultimedia titles, we have taken a human-computercooperative problem solving approach in which rules andguidelines are soft - they are subjective and arguable bypeople. To effectively serve this purpose, the communityknowledge-base must be modified over time.Representation of design intentCurrently, the specification component (eMMa-Specallows users to post concepts, draw sketches, and select atheme color as representations for design goals. Suchexplicit representation of design goals support users intwo ways [17]. First, exposing implicit goals helpspeople to decrease the cognitive load of remembering andallows them to reflect on their problem statements.Second, such representations serve as shared understandingbetween the system and users and allows the system tocritique "the right thing at the right time in the rightway." More empirical research needs to be done to studywhat types of representations (symbolic and nonsymbolic) multimedia title authors have in mind as designgoals. We will also investigate the possibility of usingcase-based reasoning [14] to use a multimedia title itselfas a specification of design intention. The system couldthen help users identify and construct similar titles.CultureAs multimedia uses human cognition and socialbackground, we should not underestimate the effects ofcultural differences. More attention should be paid indesigning cross-cultural multimedia titles becauseconcepts associated with non symbolic media largely differacross cultures [25, 18]. People in different cultures havedifferent ways of organizing and performing tasks and usedifferent representations based on different norms.There are two major cross-cultural issues. First, we needmore empirical studies to identify cultural factors, andemploy studies from outside of computer science, such asethnography. Second, we need to uncover implicitunderlying design concepts of a title which might beculture-dependent. Towards a Fullfledged Multimedia Authoring EnvironmentThe current implementation can only deal with bitmapimages. As a consequence, suggestions made by thesystem (such as adjusted colors) need to be mapped to theauthoring tools by users. Ideally the system would haveaccess to the underlying representation so that it couldcarry out some of the recommendations, rather than justmaking them on a copy of the image. We are looking atinter program communication standards such as DLL andAppleEvents.CONCLUSIONSThe research contributions in this paper are twofold.First, it is an early attempt to apply a computationalknowledge-based critiquing approach to a non symbolicdomain, such as color. Numerous critiquing systems havebeen studied in a variety of domains, including kitchendesign, user-interface design, local-area network design,and voice dialogue design. Over the course of thisresearch, we have discovered that the challenge whenbuilding such systems is not simply to deliverinformation; the challenge was to deliver relevantinformation in a timely manner. In pursuit of thischallenge, we have explored various mechanisms toincrease the designer’s control over the activities of thecritiquing system. The same architecture and frameworkhas shown to be suitable for non symbolic domains, suchas color. Second, it is a novel attempt to help novice multimediaauthors produce "good" multimedia titles. Multimediaauthoring is here viewed as an ill-defined design task, towhich we have applied our knowledge-based designenvironment approach. eMMaC users are not onlysupported in producing multimedia titles but they alsohave the opportunity to learn about the underlyingdomains, in this example the domain of color. Newlyidentified domain knowledge is accumulated in the systemto construct a community knowledge-base which growswith users over time.ACKNOWLEDGMENTSWe thank Gerhard Fischer and the members of the Centerfor Lifelong Learning and Design (L3D) at the Universityof Colorado who contributed to the conceptual frameworkdiscussed in this paper. We would also like to thankKaoru Hayashi at the SRA Boulder office for earlydiscussions. This idea was originally explored by Mina C.Johnson as course work at the University of Colorado.This research was supported by Information TechnologyPromotion Agency, MITI, Japan.

REFERENCES1.G.A. Agoston. Color Theory and Its Application,Art and Design (2nd Ed.) Springer-Verlag, 1987.2.A. Aoki. Management of Non-Symbolic Information.Technical Report H6-11-1, Software ResearchAssociates Inc., Boulder, CO, 1994. (in Japanese).3.M. Bearne, S. Jones, J. Sapsford-Francis. TowardsUsability Gudelines for Multimedia Systems, inProceedings of Multimedia’94, (San Francisco,October, 1994), ACM Press, pp. 105-110.4.B.G. Buchanan, E.H. Shortliffe. Rule-Based ExpertSystems: The MYCIN Experiments of the StanfordHeuristic Programming Project. Addison-WesleyPublishing Company, Reading, MA, 1984.5.T. Chua, S. Lim, H. Pung. Content-based Retrievalof Segmented Images, in Proceedings ofMultimedia’94, (San Francisco, October, 1994),ACM Press, pp. 211-218.6.S.W. Draper. The Nature of Expertise in UNIX,inProceedings of INTERACT’84, IFIP Conference onHuman-Computer Interaction, (Amsterdam,September, 1984), Elsevier Science Publishers, pp.182-186.7.G. Fischer. Making Computers more Useful andmore Usable, in Proceedings of the 2nd InternationalConference on Human-Computer Interaction(Honolulu, Hawaii, August, 1987), Elsevier SciencePublishers, New York, pp. 97-104.8.G. Fischer, K. Nakakoji, J. Ostwald, G. Stahl, T.Sumner. Embedding Computer-Based Critics in theContexts of Design, in Proc. Human Factors inComputing Systems, INTERCHI’93 (Amsterdam,1993), ACM, pp. 157-164.9.G. Fischer, K. Nakakoji. Beyond the MachoApproach of Artificial Intelligence: Empower HumanDesigners - Do Not Replace Them. Knowledge-BasedSystems Journal 5, 1 (1992), 15-30.10.K. Fukuda. The Name of Colors (Iro no Namae).Shufuno-tomo, Inc., Tokyo, Japan, 1994. (inJapanese).11.L. Hardman, D.C.A. Bulterman, G. van Rossum.The Amsterdam Hypermedia Model: Adding Time andContext to the Dexter Model. Communications of theACM 37, 2 (Feb. 1994), 50-62.12.M.E. Hodges, R.M. Sasnett. MultimediaComputing: Case Studies from MIT Project Athena.Addison-Wesley Publishing Company, Reading, MA,1993.13.S. Inokuchi, K. Inoda, J. Kobayashi, S. Tanabe, N.Nagata, T. Nakamura. Imagery Information Process(Kansei Jyouhou Shori). Oum Inc., Tokyo, Japan,1994. (in Japanese).14.J.L. Kolodner. Case-Based Reasoning. Morgan-Kaufman Publishers, Inc., San Mateo, CA, 1993.15. G.L. Lohse, K. Biolsi, N. Walker, H.H. Rueter. AClassification of Visual Representations.Communications of the ACM 37, 12 (Dec. 1994),36-49.16. G.M. Murch. Physiological Principles for theEffective Use of Color. IEEE Computer Graphics andArts (Nov. 1984), 49-54.17. K. Nakakoji. Increasing Shared Understanding of aDesign Task Between Designers and DesignEnvironments: The Role of a SpecificationComponent. Ph.D. Thesis, Department of ComputerScience, University of Colorado, Boulder, CO, 1993.Also available as TechReport CU-CS-651-93.18. K. Nakakoji. Crossing the Cultural Boundary.BYTE 19, 6 (June 1994), 107-109.19. K. Nakakoji, A. Aoki, B.N. Reeves. Knowledge-Based Cognitive Support for Multimedia InformationDesign. Information and Software Technology(1995), (to appear).20. K. Nakakoji, G. Fischer. Intertwining KnowledgeDelivery and Elicitation: A Process Model forHuman-Computer Collaboration in Design.Knowledge-Based Systems Journal 8, 2-3 (April-June1995), 94-104.21. K. Nakakoji, T. R. Sumner, B. Harstad. Perspective-Based Critiquing: Helping Designers Cope withConflicts Among Design Intentions. J. S. Gero, F.Sudweeks (Ed.), Artificial Intelligence in Design’94,Kluwer Academic Publishers, 1994, pp. 449-466.22. H. Page. Color Right from the Start: ProgressiveLessons in Seeing and Understanding Color. WatsonGuptill, New York, 1994.23. M. Polanyi. The Tacit Dimension. Doubleday,Garden City, NY, 1966.24. H.W.J. Rittel, M.M. Webber. Planning Problems areWicked Problems, in Developments in DesignMethodology, N. Cross Ed., John Wiley & Sons,New York, 1984, pp. 135-144.25. P. Russo, S. Boor. How Fluent is Your Interface?Designing for International Users,in Proc. HumanFactors in Computing Systems, INTERCHI’93(Amsterdam, 1993), ACM, pp. 342-347.26. S.J. Sidelinger. Color Manual. Prentice-Hall, Inc.,Englewood Cliffs, NJ, 1985.27. B.G. Silverman. Survey of Expert CritiquingSystems: Practical and Theoretical Frontiers.Communications of the ACM 35, 4 (April 1992),106-127.28. H.A. Simon. The Sciences of the Artificial. The MITPress, Cambridge, MA, 1981.29. J. Stockton. Designer’s Guide to Color. ChronicleBooks, San Francisco, CA, 1984. ISBN 0-87701-317-9.30. E.R. Tufte. Envisioning Information. Graphics Press,Cheshire, CT, 1990.

31. J. Wolfrom. The Magical Effects of Color. C&TPublishing, Lafayette, CA, 1992. ISBN 0-914881-63-1.