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Abstract

Interface designers today must use a multifaceted approach in implementing design. They need to know their audience and audience expectations. Expectations of technology users have moved from solely issues of usability to include a wider range of issues. Users  are accustomed to ubiquitous computing and life in a visual ecology. Ecology here is used as a unified pattern of relations between people and their environment. 

In the past, human computer interface (HCI) studies have focused on usability but the current thought is that other elements are connected with usability and have been ignored. I will discuss the need to consider the impact that affective aesthetics has on usability and cognition. We must take into account the interface ecology. It is not enough for user experience to be merely efficient and functional any more. With the proponderance of search engines currently on the Web, where can we go now? Is it good enough to merely list search results or should we be doing something more? The researcher using a search engine takes the role of a learner. We need to consider the roles of constructivist cognition and aesthetics and how design with all its implications impacts learning. We have gone beyond functional to the combination of function and beauty which results in more pleasurable experiences in interaction. Because HCI is multifaceted and multilayered in concept, this paper will bring together the relationship between cognition, visualization, emotion, aesthetics, psychology and usability within a new ecology. All of these elements must work together to implement a search engine which will stand out in the crowd.

Interface as an ecology system

Search engines need to be an information ecology system. An ecology implies evolutionary change, an evolving. The ultimate search engine would become a living “universe” that is constantly evolving through changes in computer, user and larger community accessed. There is a difference between an ecological model and an environmental one. Marcum points out in his introduction that an environment surrounds an object or organism while an ecology is interactive. An ecology encompasses both subject and environment which interact with and influence one another dynamically as a system.(8)  Modern communication media have moved from static communication to dynamic participation.

Consider this as an illustration of the difference between environment and ecology: If we ask what a house is, we get a description explaining what the house is used for without any reference to a specific person who uses it in a specific situation. This is merely a functional description based on a general notion of use. Information technology has shifted from being merely a research or business tool to becoming part of our everyday lives. Because of ubiquitous computing and imbedded technology, HCI researchers need to broaden their perspective. When computer systems change from being tools for  specific use to everyday things that are present in our lives, we have to change focus from design for efficient use to design for meaningful presence. Hallnäs and Redström say that to design for presence is to consider how this thing exists in someone’s life. (4, p.108)  An existential definition of presence is based on an act of acceptance and giving it a place in our lives. While search engines have not yet made this shift, we need to be aware of future direction when designing interfaces.

This past summer in Japan, I observed a navigational device in our host’s car and how it had been integrated and become part of the driving routine. It had almost become like an extra passenger in the car and even yelled at the driver (in Japanese, of course) when he didn’t follow the instructions. From maps to computerized navigation systems to navigation systems that emote in a human voice. This navigational system has indeed become a presence in that driver’s world and presence implies emotional relationships. With the aid of the demanding synthesized voice, our Japanese driver obediently adjusted his path. 

Hallnäs and Redström explain that when we design for presence, we have to relate design and evaluation to some picture of this invariant thing that in some sense builds the things we define as we accept them to be present in our lives. Although this is a rather unfamiliar situation in human-computer interaction research, it is perhaps the basic perspective in art and design.” (4, 112) When we design computational things so that people can give them a place in their lives, it is very different from creating something that is just useful or easy to use. 

Affect


We must remember that much of what humans do is driven by affective factors. An affect produces an emotional response and plays a part in how people respond to different situations. This is why affect must be considered in interface and interaction design.  For example, walking on a plank 10 meters long and 1 meter wide placed on the ground would not faze most people, but with the same plank 200 meters in the air the situation changes because of fear. Affect regulates problem solving and task performance. In Emotion and Design, Norman reminds us that even very simple tasks become difficult in the presence of negative affect while conversely, in the presence of positive affect, difficult tasks become easier. (13,  p.40)

Preece (16, p.18) lists many affective factors for designers to consider. Besides being efficient and productive, whenever possible, interaction design needs to be:

	· satisfying
	· enjoyable

	· fun
	· entertaining

	· helpful
	· motivating

	· aesthetically pleasing
	· supportive of creativity

	· rewarding
	· emotionally fulfilling


Norman reminds us that affect changes how well we do cognitive tasks. Humans have a cognitive system and an affective system. Through the neurochemicals, the affective brain center changes the way we perceive, decide and react. It changes the parameters of thought to adjust for either depth first where thought is focused and not easily distracted, or breadth first which is good for creative out-of-the-box thinking and is easily distracted.  The cognitive system interprets and makes sense of the world while the affective system is judgmental. It assigns positive and negative values to environment very quickly and effectively. A negative value, narrow tunnel vision, works well for dangerous situations while a positive value broadens the thought processes that lead toward creative problem solving. (13, p.40) Anxiety, a negative affect, focuses the mind and reduces distractions. This is good when students find themselves more focused on a project as a deadline rapidly approaches. 

Positive affect can result when there is some kind of reward. Alice Isen’s research demonstrates that people perform better in creative problem solving when they are given small, unexpected gifts. (13,  p. 41) Interface designers might keep this in mind when designing features. Something as simple as a pleasant sound or animated smiling face might be considered a reward within certain contexts.

Positive affect encourages consideration of multiple alternatives. Certainly in the case of search engines, the researcher needs to consider alternatives for various words used in particular searches. Norman warns however that too much affect, either positive or negative, can be bad. If negative affect is very strong  performance can virutally stand still. Someone who says, “I was too frightened to move,” is an example of this. Tunnel vision can be harmful and block important possibilities in problem solving while too much broadening thought can distract so much that a solution is never found. 

Besides influencing thought process, affect also impacts on tolerance and perceived usability. In pleasant situations, people are more tolerant of minor inconveniences. Even in greater inconveniences, pleasantness can help. For example, if your flight is delayed, it becomes somewhat more tolerable if the airline staff is pleasant and offers a meal voucher or some kind of reward for your inconvenience.

Interface designers do not always talk much about pleasure but Norman says that pleasure derived from the way a tool looks or functions can increase positive affect. (13, p.42) The result is increased creativity as well as more tolerance for minor difficulties and blockages.  A pleasing design encourages behavior that flows more smoothly and the user is likely to overlook some minor faults.

Norman stresses that usability includes a number of elements. Although cognitive analysis of usability and function are important, so too is affective analysis. Let the future of everyday things be ones that do their job, that are easy to use, and that provide enjoyment and pleasure. (13, p.42) Overbeeke reminds us that the goal of interaction design is to develop interactive systems which make the user feel comfortable and lead toward enjoyment of  the experience. (15, p.141)

The field of usability has moved from features of an interface to interaction expressed in terms of human action. ISO 9241 (International Standards Organization or International Organization for Standardization) defines usability as effectiveness, efficiency and satisfaction with which specified users can achieve specified goals in particular environments. Nielsen also includes satisfaction in the definition of usability. Satisfaction, a concept not previously considered as part of usability standards, is key here because performance and affect are correlated. 

Dillon (3, p.4) proposes an alternate, POA, to the ISO wording:

· Process – actions and responses involved with interacting with a device

· Outcome – what the user attains from the interaction (short and long-term)

· Affect – emotion and mood-related elements of experience

More succinctly, (POA) can be stated as follows:

· Process – what the user does

· Outcome – what the user attains

· Affect – how the user feels

In other words:   User Experience = Actions + Result + Emotion

Overbeeke (15, p.1) suggests there is a trinity of interaction:

· Perceptual skills = doing

· Cognitive skills = knowing

· Emotional skills = feeling

In looking at affect, interface designers should consider how the user will feel in the interaction and look at: user choice and preference, perception of aesthetics, frustration, and sense of enhancement or accomplishment. Dillon believes designers need to look beyond the ability to use and toward the willingness or desire to use. (3, p.6) There are 4,000 or more search engines on the Internet with around 500 making up 98% of all inquiries. In this competitive area of search engines, any new search engine that plans to succeed must offer something that will elicit positive emotions from users so they will desire to use it. Our body and senses respond to what our environment affords. Humans are emotional beings and interaction should be a fun and beautiful experience. (15, p.1)

Two terms are used in examining usability, inherent and perceived. Inherent usability is the traditional and more measurable look at the issue while perception deals with a user’s response. What makes interactive experience interesting or appealing to a user? Dillon (3, p.6) lists these factors: 

· aesthetics

· perceived usability

· learning over time

· cognitive effort

· perception of information shapes

· intention to use

· self-efficacy

In the past, HCI authors have said the purpose is not to help users have a more pleasing experience but to help them process information. Studies done by Tractinsky, Kurosu and Kashimura on relationships between a priori perceptions of ease of use have shed some light on this issue. Apparent usability studies, both short and long term, showed that if the user perceived the system one way, that was how the system actually was for a user. (9, p.2) More HCI is now focused on usability which includes human cognitive and perceptual capabilities. 

Kurosu and Kashimura studied the relationship between a priori perceptions of the ease of use of an automated teller machine (ATM). They called this apparent usability. (19, p.3)  Their research suggests that first impressions can influence attitude formation which continues over time. When users had an initial perception of difficulty in use it led to a greater probability in their dissatisfaction with the interface system after four months of use. 

Unpleasant interface that elicits frustration will lead to negative perceived usability. Overbeeke says respect for users as a whole should be the starting point for design.  Respect for users as more than a machine but emotional beings will help prevent some frustrations.  (15, p.1) Preece says elements which might lead to frustration are an overload of text and graphics, flashing animations, too many sound effects and too many features. (16, p.152)

Usually ease of use is one element that leads to enjoyment of the experience. However, sometimes satisfaction or enjoyment of the interaction experience takes precedence over ease of use. Overbeeke mentions that some users will choose to work with interfaces regardless of their complexity or difficulty because they are rewarding, enjoyable, playful, surprising, challenging, seductive or memorable. (15, p.3) An example that comes to mind is Fantasy Baseball, an online subscription game, which my husband is playing for the first time this baseball season. Although he uses a computer at work every day, his skills are very narrow and he very seldom uses a computer at home. He tends to steer away from technology and doesn’t even wear a watch. When he showed me how Fantasy Baseball works, I was surprised at how intricate and complicated it was but I was even more surprised that he has become very excited about using the computer and now waits for me to finish working at the computer so that he can check his players’ nightly performance. It is apparent that Fantasy Baseball is enjoyable, satisfying, playful and challenging for him. In designing a search engine, as long as it provides results, it is possible that even a complicated design might be tolerable to users if they receive satisfaction in ways that go beyond the results of the search query.

Aesthetics


Aesthetics can be defined (Matthews, 9, p1) as the study of the psychological responses to beauty and artistic experiences.
Human need for beauty abounds. Some industries are built on it, people travel far to see beautiful places, houses are bought in particular areas for their beautiful views, and people pay high prices for beautiful things such as jewelry, paintings and particular cars. Consider the use of wallpaper and screen savers, new computer styles and color, and mouse pads. These things indicate the user’s attempts to relate to technology in ways that go beyond function. Sometimes a lamp is not just a lamp, a doorknob not just a doorknob and a switchplate not just a switchplate. When artifacts are seen as expressing something rather than being used for something, aesthetics becomes the center of design.( Hallnäs and Redström 4, p114)

Beauty permeates our lives and drives us in decision-making. When describing and defining an artifact in terms of its presence, one must look at complementary perspectives. Take a sofa, for example. It may be chosen for both comfort and appearance. In making a purchase, the user may consider how comfortable it is and how the materials and design fit into the personal environment.  Kant recognizes two types of knowledge when talking about aesthetics: knowledge about rational things and knowledge about emotional things. (4, p.86) Aesthetics, something we respond to emotionally is intertwined with cognition.

Traditionally aesthetics has been considered as the study of beauty but it goes beyond this narrow definition. It is also about how art relates to emotions, learning and culture, and it includes pleasure, enjoyment, emotional response and beauty. Berlyne says that visual aesthetic appeal partly depends on the level of arousal triggered by a stimulus. (18, p.2) When looking at HCI and aesthetics, we look at the broader meaning as including both display and aspects of use, such as the aesthetics of interaction as it relates to the joy or satisfaction of use. Aesthetics has a positive effect on users’ perception of a system’s usability. (Preece, 16, pp.143)

There is not yet a stable tradition of aesthetics in HCI but if we begin to reflect on it now, it will evolve into a tradition of aesthetics which will complement tradition of usability studies. (Hallnäs and Redström 4, p.116) Aesthetics is not opposed to function but rather a part of it. HCI specialists are concerned with confusion, anxiety and boredom in interfaces. These emotions are also connected to aesthetics. Tractinsky has found a correlation between perceived aesthetics and apparent usability.

inherent usability + appearance (beauty aesthetics) = apparent usability (19, p.3)

When user interface is considered beautiful or aesthetically pleasing, it leads to the perception of ease of use by users. (Karvonen, 6, p.87)
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Studies by Dillon (16) have demonstrated that satisfaction is influenced by:

· personal experience with other technologies

· preferred working style

· manner of introduction

· aesthetics of product

Satisfaction of the user appears to be directly connected with an aesthetic considerations. 

In the past there has been a bias against bringing aesthetics into the usability arena. Aesthetics has long been regarded as the nemesis of usability. When going through the existing aesthetic considerations in user interface design, it soon becomes evident that no real reference is actually made to the tradition of aesthetics, with the notable exception of Brenda Laurel’s writings. (Karvonen, 6, p.86) In The Psychology of Everyday Things, Donald Norman says that usability is most important and he gives aesthetics low priority. The topic of aesthetics has traditionally been suspect. Historically beauty in technology has been seen as inversely proportional to ease of use. This lopsided logic made the assumption that if something is ugly on the outside (in the area of technology), it implied negative effectiveness and functionality. Fear of beauty that would connote defects in the functionality of the underlying system is what has dominated the technical field for a long time. Beauty has been seen by some as only complementary or, in some cases, to disguise defects. This quality may in fact be regarded as ‘good’ on the basis of missing beauty. (Karvonen, 6, p.88) Beauty was seen to be more a matter of marketing than content and usefulness. Norman seems to see function and beauty as two opposing forces and derides lofty designs put above usability. 

It is possible that the mention of beauty and aesthetics has been avoided in the field of usability because it lacks objectivity and is difficult to measure. GOMS analysis is definitive, easily measured and objective. Studies tend to avoid anything that suggests subjectivity but there is now a  trend toward ethnographic research in interaction design and this allows room for messiness and subjectivity. 

In a shift of perspective in his new book Emotion and Design, Norman now says that aesthetics matter because things that look good work well. Actually he is talking here about user affect and perceived usability. This is akin to judging a book by its cover or expecting beautiful cars to perform better than ugly ones. Norman clarifies his statement that usable designs are not always attractive and that attractive designs are not always usable. Good design means that beauty and usability are in balance. (14, p.42) It is this connection between design quality and usability that results in aesthetics.

Too much research has concentrated on structural aspects of affordances while neglecting the affective aspects. People are not invited to act only because a design fits their physical measurements. They can also be tempted to act through the expectation of beauty of interaction. (Overbeeke, 15, p.3)  It is time to bring the world of aesthetics into HCI and user interface design. Aesthetic issues influence usability in a positive way. Aesthetics must be considered with usability in any interface design, including search engines. The French designers of Kartoo (kartoo.com) have certainly considered this issue. In a creative approach to search engine design (see appendix) they have shown that something as ordinary as a search engine can be unique with its aesthetic look and interface. Most people recognize there is a difference between existing and living. Usability without aesthetics is like existing but with aesthetics it is like living. A search engine with text lists only is like a pianist playing music merely by reading musical notation and paying no attention to the aesthetics of phrasing and expression. Karvonen states that aethetics is connected with the user’s perception and recognition of quality. (6, p.86)

Some research by Kurosu and Kashimura, with further studies by Tractinsky, has been conducted to investigate the relationships between users’ perceptions of interface aesthetics and perceived usability. In their studies, aesthetics was synonomous with visual beauty. Their results, surprising Tractinsky, showed a high relationship between user interface judgments of aesthetics and apparent usability across cultures. (19, p.6)  Aesthetics affect people’s perceptions of apparent usability—which, in turn, may influence longer term attitudes towards the system. Their test results challenge traditional HCI attitudes of the relationship between aesthetics and usability.

Satisfaction is now part of ISO usability standards and the aesthetic response to things has a direct relationship to satisfaction.  We see this outside the area of HCI as well. If the aesthetics of a car increases the satisfaction of driving it, it follows to reason that the aesthetics of an interface will also increase satisfaction of using it. In a study by Dillon, users tended to relate usability to aesthetics in a rather predictable way.(3, p.7 )

Visualization 


The main aspect of constructing a user-friendly learning ecology includes navigation tasks, interactivity and visualization.  Marcum says that visualization design is emerging as a primary tool for managing the information glut and to enhance knowledge and understanding. (8, p.6) The process of visualization may be simply the concrete formation of images with paper and pencil, or mental investigation, discovery and comprehension of concepts, facts and ideas. Visualization combines design principles and cognition.

The original meaning of the Greek word to prove in math was to make visible or show.  Etymologically, this shows a close link between demonstrating understanding and having the capacity to show or draw a proof.  

Representation through visual forms has some advantage over text-based information. Visual forms (McLoughlin 10, p.13-2):

· display spatial interrelationships

· demonstrate proportional relationships within and between objects

· facilitate perceptual inference. 

Originally visual culture was viewed as painting alone but now it includes photography, graphic design, advertising, television, cinema and multimedia. Visual culture study began in the second half of the 20th century. We have seen mass media become a visual ecology and not merely a channel of communication. It is an infrastructure of the dynamic perceived environment. “The new function moves beyond the information transfer paradigm to a system of cycling action and perception.” (1, p.2)

Visualization gave power to the Internet. (Marcum, 1, p.6) Before Mosaic and other browsers were introduced, Internet use was confined mostly to a few groups of highly technical people. Web browsers, windows software and hypertext markup language have become powerful visual tools combining visual image and text. Visual browsers have enhanced the interface between technology and humans. 

Although multisensory, humans receive most information through visual channels; about half of the neurons in the brain are dedicated to visual processing.  Marcum says that vision is a primary instance of tacit knowing. Humans perceive far more than the visual images they consciously process. (8, p.5) 

It is important to understand how visual information communicates with an audience through visual language and ecology. Visualizations draw attention, create curiosity and can provoke an emotional response. (Klett, 7, p.3) Regardless of design, there will be inevitable aesthetic connotations. There is no such thing as a neutral design. (Matthews, 9)  Visual communication has two main components: a personality which is its look and feel; an emotional impact that elicits instinctual responses through general artistic composition, color, fonts, images, shapes, patterns, etc.; and visual organization which shows relationships. When we try to make sense of visual information, we look for similarities and differences which allows us to distinguish objects and give them meaning. Interaction design involves: structuring or arranging of information; arranging for interactivity through guidance, navigation and usability;  and design of presentation. (Klett, 7, p.7)

We have seen an evolution in the homage paid to text versus image. In traditional print culture, the image is secondary but in modern media, the visual image is primary. In the past, scholars have looked down on the growing role of the image in our culture. In assessing human intelligence, word or text has been the focus. There is a lack of adequate study of the importance of visual and sensory perception. Marcum believes the idolization of language and the reduction of cognition to a processing of codes and symbols—mathematical and textual—have marginalized the study of the image. (8, p.3) In his theory of multiple intelligences, Howard Gardner gives credit to visual/spatial intelligence. He suggests that visual language is especially useful in education because it is accessible by more people with variable learning preferences. (8, p.9) Society has mismeasured human intelligence. (8, p.3) Just as verbal language can be analyzed through its morphology, syntax, semantics and pragmatics, so can visual language be analyzed through visual metaphors, diagrams, cartoon, space, time and composition. (8, p.9) Visual language integrates words, images and shapes into a single device for communicating and understanding. 

Literacy involves more than merely reading words. Modern perspectives take a look at visual literacy as being part of our cognitive process. The International Visual Literary Association defines visual literacy at its Web site (www.ivla.org/organization/whatis.htm) and even today, the organization struggles with an acceptable definition that encompasses the many facets of visual literacy. 

Visual literacy as defined by the International Visual Literacy Association is "a group of vision competencies a human being can develop by seeing and at the same time having and integrating other sensory experiences. The development of these competencies is fundamental to normal human learning. When developed, they enable a visually literate person to discriminate and interpret the visual actions, objects, and/or symbols, natural or man-made, that are [encountered] in [the] environment. Through the creative use of these competencies, [we are] able to communicate with others. Through the appreciative use of these competencies, [we are] able to comprehend and enjoy the masterworks of visual communications" (Fransecky & Debes, 1972, p. 7).
In human perception, we tend to group by proximity and similarity. (Wroblewski, 20) Humans have an ability to group information visually. We look at visual relationships such as differences in color, scale and texture. However, visual goes beyond mere visual perception to cognition, creating meaning and improving understanding. (Marcum, 1)

Some components of aesthetics are: simplicity, design quality and pleasantness. There is a history of the praise of simplicity where the ultimate aesthetic refinement is the creation of something significant with simple means.  (6, p.86) It might be mentioned here that context is important in making visual beauty judgements. For example, visual things are seen differently when they are displayed in different environments such as a painting hanging in a museum or graffiti painting on a city wall.  Also, people are influenced by existing accepted principles of styles. (Karvonen, 6, p.87) Culture influences aesthetic preferences but the concept of simplicity might be the common thread that crosses many cultures. 

One study concluded that beauty may go beyond pleasure and satisfaction—it can also influence trust. It can help determine whether a user will trust a service enough to conduct business online. “What may be surprising in this world of ours that so admires the assumed rationality of the homo sapiens, is that such an issue as trusting a service to be reliable and secure is, at least partially, based on something as irrational as aesthetics seems to be. Karvonen believes that the future of e-commerce may depend on this understanding. (6, p.87) It is possible that this type of thinking may also influence search engines and whether or not the user will trust the information.

One search engine that attempts to integrate aesthetics with function is Kartoo 
with its use of shapes, colors, graphics and style. It goes beyond this by giving the user some aesthetic choices beyond the default. (See appendix for more details.)
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In Quantifying Beauty, Sudweeks (18) lists universal aesthetic principles as symmetry, balance, clarity, color, smoothness, brightness, youthfulness, novelty and fineness. Pribeanu (17) lists the art elements in display as balance, rhythm, emphasis [center of attention], harmony, unity, variety and proportion, while Karvoneu (6) defines the elements of display as position, length, size, angle, color and brightness. Although wording is different, many of the concepts are the same.

Nevertheless, within a display, all parts must work together as a unified  whole to communicate. The design elements should be in context and not get in the way of the message. Norman reminds us that it must be carefully tailored for the task. (14, p.42) In looking at layout, generally elements should be grouped according to their relationship to one another, displayed as a unit and distinguished from other groups of elements. (Matthews, 9, p.11) This grouping is a cognitive help because seven is the maximum number of items humans can maintain in short-term memory. 

( Center of Attention

A display needs a focal point to draw the user’s attention. Visualizations should guide the viewer’s eye through the use of placement, lines, color and contrast. Variations of color, texture, shape, direction and size create visual contrast. (Set, a game touted by Mensa, uses this concept of visual contrast with its cards.) 

It is important to be aware of the elements that influence visual hierarchy which is built on relationships. Visual weight creates a center of attention for the viewer. Elements that are large, bright or have contrast draw attention.  To create successful display, the designer must be aware of how size, isolation, color, position, grouping and lines create emphasis. Visual hierarchy should be used to explain the page elements and to guide users through the site’s content and interactions. (20)

( Simplicity

There is something to be said for simplicity in computer display. If there is too much cognitive load when the user is searching for information, the result will be confusing and frustrating. The Kartoo search engine begins very simply with a blue page and an obvious white box for inquiry input. The graphical form it uses for its search results is very impressive and aesthetically pleasing but its lack of simplicity may very well influence user satisfaction. 

Preece says the best design is aesthetic and minimalist. Is any unnecessary and ireelevant information provided? (16, p.409) If too many page elements compete for attention, it will lead to confusion and will result in nothing getting attention. (20) Economy is important. Significant elements must be clearly distinguished from one another. (9, p.12) If the user’s limit of processing information is surpassed, then boredom, indifference and anxiety may result. Simplicity and beauty affect the user’s experience and interpretation (6, p.85) If the display has a look of complexity, it may lead to the perception of difficulty in use. It means the lack of obstruction or complexity. Users are goal-driven. 

When working with information such as results from search queries, it is necessary to simplify information and manage it in the way it is presented. Nielsen says that simplicity means users are able to get what they came for. 

( Unity

In any display an aesthetic sense of unity is necessary. There should be an established relation between sets of elements that span several screens, for example, use of similar layout, icons, color and groupings. This aids in the user’s ability to process and relate information. A layout should demonstrate unity and harmony. (7, p.11)

( Harmony

Harmony is the result of a pleasing arrangement of parts. In the visual realm, the parts make a pleasing whole to the viewer. It includes balance, color and spatial consistency. Brady and Phillips suggest that a harmonious display engages the viewer and creates an inner sense of order and balance. (2, p.1) If it is not harmonious, it might be boring or chaotic. The musical equivalent would be the dissonance of a chorus of tone deaf singers. Harmony is a way of arranging elements so similarities are revealed. Spatial consistency is a part of harmony.

( Bottlenecks

Interface displays should avoid a negative affect by avoiding bottlenecks and irritations such as the use of gaudy colors, flashing banners or unreadable text on a page. 

( Balance

Balance, the placement of objects for a feeling of stability, plays a role in aesthetic appeal. Users feel a psychological sense of equilibrium. (Brady and Phillips, 2, p.1)  A balanced hierarchy provides the viewer with a clear path for recognizing and understanding information. Visual balance and visual flow help the user in navigation and orientation tasks. Creating a balanced order reduces cognitive friction. The key is to balance usability and aesthetics is addition to visual display. (Preece, 16, p.144)

Visual equilibrium is related to math and the concept of the Golden Section which says that the ratio of the whole to the larger part is the same as the ratio of the larger part to the smaller. (Brady and Phillips, 10, p.1)

( Rhythm

Rhythm is the arrangement of visual elements to suggest movement. Pribeanu claims that to have this happen, at least three similar elements must be used. (17) If rhythm is absent, often navigation is difficult.

( Consistency

Visual consistency concerns the dimensioning and placement of all visual objects.  It is affected by spatial organization of layout, font, color and the attributes of visual objects. Consistency influences learning (Pribeanu, 17, p.1):

· task (familiarity, compatibility)

· interaction (dialogue, regularity)

· presentation (visual aspects)

( Color

The study of color crosses multiple disciplines: physics, physiology, psychology, art and graphic design. (Meier,11) There is a good case for using color. It can be used for aesthetics, utilitarian grouping, distinguishing, focusing attention, showing logical relations, conveying mood and enhancing recall. It helps with perceptual organization. Color can make or destroy a Web site and care must be given to how color influences affect, cognition and usability.

Colors with high contrast are easier to see than colors lacking contrast. Contrast influences color and brightness; brightness influences intensity and wavelength. Similar colors should be used with contrasting colors and need to represent similar groupings of information or similar tasks. (9, p.4) In this way colors can help the user understand granularity. Saturated colors should be avoided on a computer screen because they lead to user visual fatigue.  Saturated colors have different wavelengths and need to be focused at different depths behind the eye lens. To focus the eye lens must change shape and refocus. This leads to the muscles working overtime. Using saturated colors in typography results in chromostereopsi where the eye lens focuses the saturated colors at a variety of lateral positions on the retina. This duplicates a normal depth perception and confuses the eyes, giving a false illusion. The text will appear to be floating either behind or in front of the computer screen.  A tired user makes more errors and this results in cognitive friction and dissatisfaction, a negative affect. 

Blue is difficult to see. There are several reasons for this. Humans don’t have many blue photo pigments and almost none in the area of the eye where wavelengths are focused. It is especially difficult to see small blue objects. The eyes absorb twice the amount of blue light as yellow and red and the eye lens must be thinned to a great extent to see blue. Because that point is unobtainable by human eyes, saturated blue always seems a little blurry. It is even more difficult for older users to see blue because the human lens yellows with age and filters out short wavelengths that blue produces. (9
) Blue should not be used for text, warnings or any critical function of the system although it might be good for background. Care must be taken with adjacent colors which should differ by more than just changes in the amount of blue.

Too much color in general detracts from usability. It results in clutter and confusion, increases text complexity and chances for error, and reduces user productivity. (9, p.5) Usually it is best to limit colors on a display to no more than six, with each being a clearly distinguishable color. The human mind has trouble maintaining more than 5-7 elements simultaneously and this can be applied to color as well as text. 

Background color is very important because if influences the effectiveness of other colors in the display. Background should allow the user to focus on graphics and text. Untextured black background should be avoided because it causes text to appear to be floating in front of the background and is hard on the eyes.

Colors can be used to help cognition through grouping. There is an intuitive order of grouping. Red, orange, yellow, green, blue, indigo and violet is best for ordering distinct elements. Increasing color saturation to indicate a series is best to show progression of a single element. 



It is also important to be aware of human and cultural differences. Although color can be used to convey meaning, it should be used with other techniques because 9% of the world’s population has some kind of color deficiency. (9, p.7) Color conveys different expectations depending on cultural background. Knowledge of culture and color affect and symbolism can be used to assist the user intuitively and aesthetically. (9, p.3) 
From a study of the chart, it is obvious that chosen colors won’t fit every culture. It is possible there is a relationship between color and emotion that is linked to culture.

From a cognitive perspective, color does not add value. Logic implies that color is unimportant but it seems to make a difference and fulfill an emtional need. Otherwise, people would be satisfied with monochrome computer and television displays. (2, p. 38)

In color user studies, a common theme emerges: color is important and a triadic color scheme is ranked highest by users. (Brady and Phillips, 2) Color choices in interface should be appropriate, effective and tasteful. (11)

Some users like the ability to tailor color to suit individual aesthetic preferences. Some Web sites have this option. Kartoo gives users choices of cartographic style of presentation, page display elements, and the color objects on the page. It gives an option of nine color choices by clicking on the eye icon.

( Typography

There is nothing as frustrating to a user as being unable to comfortably read text on a screen. Sometimes that difficulty might be related to color but it can also be related to typography issues. Typography is the visual treatment of written language. The typeface, weight and color all suggest a range of emotional qualities. Research has shown that it is best to follow some basic typography guidelines (Matthews, 9, p.8):

· Typeface with larger X-height is more legible on a screen and is preferred by users. 

· Typeface with enough spaces between letters so they don’t touch is more legible and aesthetic.

· Sans-serif typefaces may be easier to read. Users rate sans-serif slightly easier to read but found no difference in aesthetic values.

· A single line of text should be 40 – 60 characters.

· Spacing between words and sentences should be correct and consistent.

· Both upper and lower case should be used. All caps reduces readability. This is related to word recognition. When learning to read, we use word shapes as clues. If “all caps” are used, then word shapes cannot be used to aid in reading. 

· Use of more than two or three typefaces decreases readability.

· Bodies of text should be left aligned.

· Number should be aligned on right.

· Text lists should not be centered.

· Weight and slant, used in italics and boldface, indicate emphasis and should be used sparingly. (I find it strange that Berger’s book, Ways of Seeing, is entirely printed in boldface. I have been unable to read the entire book because of the cognitive friction that it creates. This style is akin the the author throwing words out like punches rather than strokes. These punches offend my aesthetic sense and interfere in the communication process. There’s more than a little irony that such an unaesthetic and unreadable typography has been used in a book which deals with aesthetics.)

( Icons

Icons are also part of the display narrative and metaphors should be carefully planned. Metaphors should not be mixed. They should have the ability to be extended with new elements and be familiar to the user. The cultural background of users must be taken into account.  Design should communicate clearly the purpose of the icon. (9, p.10) Icons should be designed as set to help the user remember their relationship to each other and to the user’s tasks.

Icons are a perceived affordance and should not confuse the user. Some logical guidelines include (9, p.11):

· Make icons large to attract attention and reduce the time it takes the user to point the mouse to them.

· Make larger clickable areas on icons that respond to a link click.

· Use a common style

· On image based icons, use only limited detail and only what is needed for recognition.

· Be consistent in appearance.

( Venn diagrams

Visual representations of data, objects and systems are used in order to enhance communications and understanding. Visualization includes a process that goes beyond what is perceived visually, physically. One part is organization of data into visual form. The second part is the experiential formation of the visual image in the human mind. (Marcum, 8, p.5) 

Using visual representations may make it easier and quicker to see data relationships. The Venn diagram is a good example of this, especially in search engines:

· It replaces operators and parentheses (Boolean) with a graphical image of data that is understandable.

· It helps the user address facets of inquiry one by one and then incrementally.

· When the number of hits is represented within the circles, it gives detailed feedback about the distribution of hits and helps the user to reform the query.

In performance comparison studies (Hertzum and FrøkjǢr, 5, p.151) of Venn diagrams used in searches as opposed to logical expressions, results indicate that Venn diagrams are a good tool. They prestructure the query to increase the intuitiveness of the user interface. This comes at a marginal cost of expressive power. Users used an all-inclusive query very rarely and seemed to prefer an interactive search strategy enabling them to build from previous queries. It took more queries with Venn diagrams than the logical method but it took fewer threads. With Venn diagrams, examining hit lists and adjusting queries worked well. 

Cognition


Visualization enhances perception to amplify cognition. (8, p.5) It is a powerful cognitive tool. It can support learning and remembering. Cognitive visualization is a factor related to human perception and the ability to identify objects visually, and to make sense of them. In cognitive ergonomics, the goal is to minimize the user’s efforts in scanning, learning and remembering. This is the role of visual communication in the interface of learning environments. 

Howard Gardner says that humans have multiple intelligences and that the visual-spatial intelligence is particularly important. Learning environments must take this into account and not depend solely on text. 

In using a search engine, the user takes the role of a learner and the search engine is the tool in an information ecology. The user/learner needs to use creative problem solving strategies that require a broad, flexible thought process. Designers of search engines, those who desire to provide a tool that will be a catalyst for creative thinking and connections, must attempt to elicit positive affect from users within an interactive environment. Designers of search engine queries and displays must understand the user/learner’s needs and ability to process and relate information.

It must use a constructivistic learning approach. Constructivist learning is cognition in an active mode rather than a passive one. The learner does not merely receive and process information but discovers and creates. Users start with what they know and they begin the process of constructing new knowledge from what they learn and find. High cognitive levels are involved in working with a search engine. A search engine that is an information ecology stresses bringing together diverse types of information and becomes an evolutional process. The key word is evolution which implies refinement, an important element of research.

Bates (1) explains what she calls berry picking in real-life searches done manually. A new piece of information provides new ideas and directions and results in a new concept of the query. These are not just minor modifications for a single query but the entire query continually shifts. This is an evolving search. She suggests that search engines should duplicate the berry picking style used in real-life searches and give users ways for their queries to evolve in major ways. Indeed, this is the process used in real learning. 

Methods of visualization are very important to users who are researching and learning. Ideally, visualization helps show legitimate aspects of reasoning and learning, fosters higher-order cognition and encourages learners to use multiple modes of representation. 

A learning system design, such as that of a search engine, needs to consider the factors of the learner’s perception, satisfaction and results. (3) Insufficiencies in concepts, consistency, screen layout, interface design and nagivigation strategies result in an inadequate learning environment. 

In the process of learning the affective and cognitive systems impact on each other. Emotions can be driven by cognition and cognition can be driven by affect. (Norman, 14, p.39) In a classroom, a student’s emotional response to a particular teacher (appearance, age, gender, personality, demeanor, etc.) impacts on learning in that class. 

Final comments

A search engine must not present itself as a cognitive pea under the matress. (Matthews, 9, p.1) Instead it must begin with where the user is and help the user to have a satisfying experience. Visuals are very important in providing aestheics of display and use that have positive affect. Aesthetics and affect influence learning and usability. Visuals are also important in cognition. Studies have shown the Venn diagram to be very effective in the search query process. The interface ecology of a search engine must offer the user a presence that satisfies and encourages active learning and creative thinking. Search engine design needs to understand how cognition, visualization, emotion, aesthetics, psychology and usability all work together within a common ecology

There is a need for a new technology perspective, a need to shift from function to presence as technology is woven into all aspects of our lives. (4) Eventually there might be a shift in physical existence in the environment to existence in life based on an act of human acceptance. I observed one aspect of this in Japan. I observed cells phones being used for oral and textual communication, game playing, information gathering and picture taking.  As if this weren’t enough, often there was a Hello Kitty or some other symbolic charm purchased from a temple.  Presently technology exists in our lives but it will eventually shift to total integration of our ecology. (4)

Not only must search engines be an information ecology system, but they must be a visual information ecology system. Now is the time to change perspective from information ecology to a visual and more holistic and comprehensive one. Imagine a search engine that uses spheres rather than lists. A new search engine, Kartoo (kartoo.com), does exactly this. Imagine a search engine that uses spheres in a different way than Kartoo. This search engine might be called Infosphere. This name implies planets, a system with possibilities. Spheres will imply action to the user. It would go beyond mere information processing toward a broader model of cognition.

Perhaps Info-sphere could eventually become a larger ecology—an Info-universe—which would include dynamics that go beyond the Web browser. It would lead the user to Babel types of places where conversations in real time would take place on research topics. These conversations themselves would become artifacts in addition to artifacts in real repositories such as museums, universities, etc. Info-sphere would include access to scholarly annotations, conversation databases, sound files of lectures and movie files. All of these artifacts would be called up easily just like the new movie call-up access recently offered through Comcast. Info-universe would even provide access to previous similar searches which would lead to more collaboration. The Info-sphere search engine is just the beginning of an evolutionary process toward an Info-universe Presence. 

Marcum looks at the future. The visual ecology comprises an emerging new universe that renders many existing institutions, resources and cultural mores dysfunctional in various degrees. (8, p. 16) The computer will lose its unique position and computational technology will become only one of many different things/materials we use to build everyday life. (Hallnäs and Redström 4) 
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Appendix: This search engine takes an original approach.

http://www.kartoo.com
(Note: After I wrote this, Kartoo made some changes in its design.)




Kartoo is a meta search engine, launched less than a year ago, by Laurent Baleydier's French company. This innovative engine produces the results of a search query as a relational visual map. It comes closest of all the search engines to the berry picking search technique described by Bates (1) where users can continually modify searches as they spend time researching and sometimes changing direction.

A meta search engine does not compile its own searchable database but instead draws on the databases of other search engines simultaneously. Other meta search engines include Ixquick, Vivisimo, Dogpile, MetaCrawler, Mamma, Metor, Profusion, qbSearch and Copernic. Kartoo gathers the top ten from search engines such as Voila, Alltheweb, Altavista, MSN, Yahoo, Wisenut, Hotbot, Lycos, Looksmart, Nomade, ToileQuebec, Exalead, Dmoz, Teoma and Northernlight. 

Kartoo's retrieval algorithms, platform and mapping technique differ from most other search engines. The language style of the user's query determines which search engines the program will query first. For instance, if a query is presented with a question mark, Kartoo gives top priority to search engines that understand that kind of query. It uses Macromedia Flash to produce an interactive relational map of the search results.

[image: image2.jpg]



In the upper right corner are clickable drop-down menus: Help (How to Use Kartoo, Search Tips, FAQ, Point out a Bug, Legal Notice, Contact, Site Map), Options (Search Engines, Number of Sites, Clustering, Advanced Search, Time Out), View (List, Look, Results, Zoom, four other language choices), Send (Send a Map, Save a Map, Bookmark, Mascots Gallery, Kar Toolbar, KartOO on Your Site, Contact),  and Kartoo (Intelligence, Intranet Search, Database Mapping, References, Kar Toolbar, Press Release, Contact-us). The last choice is for businesses wanting to use the Kartoo program within their business and in specific ways.  

A parental filter also appears at the top. A flag next to the Help link indicates what language the search engine is set for, while five other clickable country flags appear on the right.

Kartoo works like this:

· The user types in a query. 

· Kartoo analyses the request, queries the most relevant search engines, selects the best sites from the databases, discards duplication and displays the results on a visual thematic interactive map. 

· The map displays the ten first results in the form of spheres with sizes proportional to relative relevance. When the mouse is held over a sphere or ball, the user sees a short description of the link. Lines connect these balls and between the lines are words that are semantic connections between the two sites. If the cursor is held over one of these words, the sites (spheres) related to the word begin to flash. Likewise, when the cursor is moved over a topic in a list in the upper left corner, balls related to that topic begin to flash.

· Next to the list of topics are a + (plus) and a - (minus) sign. The user may refine the search further by adding or deleting these words within the search. Also, when mouse hovers over the relational words along the lines, a plus and minus appear which allows the user to refine and change the map.

· Green buttons to the right of the screen indicate the number of maps that resulted from this search. No green bar lit represents between 1 and 10, one bar between 10 and 100, two bars between 100 and 1000, three between 1000 and 10,000, and so on. Clicking on the bars will indicate which search engines the information came from. Put the cursor over the search engine and text at the bottom of the screen indicates about how many pages on the search engine.

· In the lower right corner an arrow appears with text such as "map nb 2" on the arrow. This is the way users navigate to the next map. (The abbreviation of nb for number is most likely the result of the French origins of Kartoo.)

Users have a number of options. Those who may be easily confused by the unfamiliar mapping technique, may choose an html listing in the traditional Google style instead. They may also choose from among 15 search engines, which ones will be queried. The default is ten sites per map but the user may choose to include more or less. Choosing more results shows a very cluttered screen. Time out is also an option, from 10 to 195. This option is not very clear, however, and the user must assume the units to be measured in minutes. Clustering may be turned on or off. In addition to this, users may also be very specific in how they want the search to be designed: title, URL, site, domain, text only, NEAR, hyperlink, "expression" or images. Users may also use zoom and panning buttons to change the way they see the map.

Users even have some artistic options in the look of the visual map. These things can be changed: background color, connecting lines and the design of the spheres. These changes can even be saved.

Most people who use search engines do not want to spend energy learning traditional Boolean logic. The plus and minus clicks provide an automatic implementation of Boolean logic.

Ironically, this site's strength may also be its weakness. It is innovative in its approach and has an entirely different look. It provides many options for users, especially in refining their search along the way. The process that users employ resembles the berrypicking process used outside of virtual searches, that of an evolving search which allows for more browsing and for creative connections. This often leads researchers to information that would not have been found at other search engines. However, human beings in this speedy instant gratification age tend to stick to formats with which they are familiar. Search engines usually provide quick lists. Although this also is an option with Kartoo, the map default will most likely be confusing to the first-time user. It is also confusing that there are no links among successive maps. For example, map #1 does not have visual lines connecting to map #2.

Kartoo is somewhat slower than a search engine such as Google. People looking for quick answers will most likely continue using the speed of Google and then follow the initial research to use Kartoo for delving into more time-consuming research which uses mental meandering to make discoveries.

Some users will run into a problem. People working with safe surfing security settings will have trouble if they have their ActiveX controls and plug-ins turned off.

The site could be improved with a search engine by word for its own site so the user could receive quick answers to questions about using the site. Besides the unusual format, users may be confused about other things where the answers appear to elude them. When the user clicks on the parental filter link, there is no explanation of to how to use this filter. It merely asks for a password.

Because of the many maps that might result, Kartoo needs some way of telling users where they are in the overall taxonomy of the site. An excellent example is Nathan Shedroff's site http://www.nathan.com/thoughts/unified/index.html with his article entitled, "A Unified Field Theory of Design." This could be implemented with indicators along a continuum. 

Kartoo might also be improved by adding some of the suggestions that Bates makes for refining searches:  search by footnotes, citation, journals, area scanning and bibliographies. To do this, Kartoo would have to add more selection in the search engines that are used. 

Use color for grouping
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Use saturation to show progression





Most important step: Begin here


Follow through here


Don’t forget


Finishing touches














Elements of a Search Engine Ecology
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