Human Computer Interface

Course Objectives
I believe it's a good idea to define objectives at the start; objectives help us know where we're going and help to keep us focused. A syllabus says what we're going to do and when we're going to do it. Objectives, on the other hand, state goals that we hope to reach; they are our motivation for doing the activities listed in the syllabus. I propose the following objectives for this course. If you would like to add to, subtract from, or change the list, let me know; that would be a good topic for class discussion. 

1. To enable you to understand the various meanings of "usability" and how to build usability into products, product interfaces, and product information. 

2. To give you awareness and understanding of the importance that culture and viewpoint play in making interfaces usable (or not). 

3. To help you understand how people may use, or misuse, the interfaces you produce. 4. To give you a foundation for analyzing users, the tasks, they perform, and the information they need to perform those task. 

4. To help you appreciate the importance of interface usability; if the interface is not usable, none of its other qualities matter-people just won't use it. 

5. To give you practice in designing, conducting, and analyzing usability evaluations. 

6. To give you the background, viewpoint, and ammunition you need to fight the fight to make interfaces usable. 

7. To open your eyes to a whole range of possibilities; the opportunities for envisioning and creating superior interfaces are almost limitless. 

8. To have fun while accomplishing the above objectives. 

Texts
1. Design of Everyday Things, Donald Norman 

2. Things that Make Us Smart, Donald Norman 

3. The Art of Human-Computer Interface Design, Brenda Laurel, ed. 

4. Usability Engineering, Jakob Nielsen 

Assignments

Assignment 1: Interface Metaphors
For this assignment, I'd like you to select a human-computer interface that you use frequently, one that you are currently working on, or one that you have worked on in the not-too-distant past. Explore its metaphor. Your exploration should consist of at least the following: 

1. A description of the metaphor used 

2. A description of the users who will use the interface, noting some of their relevant characteristics 

3. A description of how people will use the interface and the tasks that they will be performing 

4. An assessment of how wise a choice that metaphor was for the interface you're exploring 

5. A discussion, including specific examples, of instances where the metaphor is particularly appropriate, or where it was implemented especially well 

6. A discussion, including specific examples, of instances where the metaphor is particularly in appropriate, or where it was implemented especially poorly 

7. Some concrete suggestions for improving the interface to make it more effective and more usable 

Date Due: 19/10/01


Assignment 2: Design an Interface and Describe Its Characteristics


Pulling together all you know about interfaces, design 3 very usable human-computer interfaces. Explain why your designs are good for the situations in which it would be used. The interface you design could be a working interface (coded in HTML, Visual Basic, or PowerPoint, for example), or it could be done as sketches on paper (very nicely done, of course). It might even be an elaborate interface that involves construction.

Perform a Usability Evaluation Use one of the usability inspection methods discussed in class, or one of your own choosing to evaluate the interface you designed for the previous assignment. Describe how you set up the test, the observations and results from the test, and how you would improve your interface as a result of the test/ What did you discover? Was the method you selected a good choice for your particular situation?

Date Due: 11/1/02

Course Policies
1. Assignments are due on the dates indicated. If there's a good reason why an assignment will be late, please let me know ahead of time. I realize that there is more to your life than this class (at least I hope there is), and I am a fairly reasonable person. 

2. Each assignment is worth a 50% of your grade as indicated in the syllabus. 

3. Some assignments will work best as individual assignments; others will work best as group assignments. I encourage you to work with other class members on those assignments that work best as group assignments, but I realize that group work does not always fit well with other parts of life-especially for part-time and commuting students. Use your best judgment. 

4. When you work in groups, I expect each group member to do a fair share of the work. Design of usable human-computer interfaces is an activity that relies heavily on collaboration; writers work with other writers, editors, programmers, engineers, human factors specialists, managers, and even customers. It would be unrealistic of me to assume that you will work in total isolation; that's not the way that the best jobs are done. (I'd venture a guess that some of the most unusable products and interfaces we encounter were developed by people who would not or did not work with others.) I encourage you to bounce ideas off each other, offer each other suggestions on how to improve assignments, etc. By working with each other, you can increase your learning and understanding. Some of the projects for this class will be done as group projects. I assume that you understand the difference between "working together" and merely copying. If you do not understand this difference, please ask me, and we can discuss the difference.


PRIVATE
A Historical and Intellectual Perspective
by R. M. Baecker & W. A. S. Buxton
The first computers were made in the late thirties. Then computers were viewed merely as advanced calculators. There was no real interaction with the computers, and user friendliness was an unknown term. It was not important to make the computers easy to use since only experts used them. Vannevar Bush (1945), however, had higher aspirations. In his article As we may think he describes a machine that can store unlimited amounts of data that is indexed in a way that makes it easily accessible. Further links can easily be added, data can be text or images and the user should be able to choose from several interfaces such as keyboard, speech and even direct transmission between the machine and the brain (!). He called his system MEMEX. The reason for these ideas was that he was concerned about the time it took to produce scientific articles. Needless to say no MEMEX was ever built but his ideas has served as a blue print for a lot of properties found in modern computer systems. 
In the fifties researchers began thinking about the computers abilities to aid creative thinking and problem solving. Licklieder (1960) coined the term man-computer symbiosis. He predicted that human brains and computers would be merged in some way to create new astonishing resources for data processing. Licklieder published a list of problems that had to be solved before his vision could come true. What he described was really an artificially intelligent system, and as we know these systems have proven fairly hard to produce, but many of Licklieder's ideas, like time-sharing, multipurpose output displays and speech recognition, have found their way into today's technology. 
In the sixties the first real research was being conducted in the area. It consisted mainly of quantitative studies. The research changed in the seventies when psychologists and experts in human relations became involved and the psychology of HCI began to evolve (see Card et al., 1983). When the interaction between user and system were becoming more direct this opened a new area of research, were Martin (1973) played an important role in popularising these issues. 1971 Xerox Palo Alto Research Center (PARC) was founded. The goal was to develop a new kind of computers. The result was the personal workstation with its own memory, processor, graphical high-resolution display, keyboard and mouse. They also developed the graphical interfaces with windows and menus. The workstations were networked to access shared resources. In the mid-seventies came the personal computer with which the use of computers spread to new groups of users that brought computers into new areas. This intensified the need for more user friendly interfaces. In the eighties the ideas from Xerox PARC made a breakthrough in the PC user interface area led by the Macintosh computer from Apple. 
While this field of research steadily increases it becomes more and more obvious that the achievements made so far should only be viewed as a starting point for further research. 
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PRIVATE
Four Different Perspectives on Human-Computer Interaction
by John Kammersgaard
The notion of perspectives is fundamental to the design of computer systems. The developers, for instance, speak of views of the system held by different parties of interest. In an attempt to utilise perspectives to bring forward a more complete view on HCI, Kammersgaard introduces the systems perspective, the dialogue partner perspective, the tool perspective and the media perspective. He thinks that we have put too much faith in the systems perspective. We need broader views to be able to take all relevant aspects into consideration. 
From the systems perspective the system is looked upon from a bird's eye view. The relevance of a task can only be expressed on the organisational level. All interaction is seen as transmission of data between human and automatic components. The goal is to make transmission as fast and correct as possible. This leads to goals of standardising and discipline. 
The dialogue partner perspective has been brought to attention through the artificial intelligence research. It focuses the use of computers within an individual context. There is no need for domain-specific design models, the computer can always be seen as acting like a human being in a communication process. The goal becomes to make communication as similar as possible to human-human interaction. There exists a strong opposition against this view but most researchers agree that there is a lot to learn by studying human interaction. This perspective should only be used for certain special purposes and always in combination with other perspectives. 
Viewed from the tool perspective, the computer becomes a tool box providing utensils that can help the user in accomplishing a task. The user possesses all the knowledge and should have full control over the tools. The user knows which tools that are needed and the designer knows how to make them. Therefore the user should lead the development process with the designer as an expert resource. The purpose of the system is not to take over some part of work but to function as a powerful tool for the user. The tool should ideally disappear from the user's conscience in the same way a hammer is used without conscious reflection by a carpenter. The strength of the tool perspective is that the knowledge of the user is properly utilised. One weakness is that it is hard to reach general conclusions by applying this perspective, so research has to take place within the same domain as it is later applied. 
Finally the media perspective can be applied. Then the computer is seen as a medium through which humans communicate with each other. The focus is on use within a collective context. Two types of communication is of interest. The communication within groups of users and the one-way communication from the designer to the users. Research from the media perspective is scarce. It concentrates on language and semiotics. According to Kammersgaard it is the focus on usage of language in the use of computers that is the main strength of this perspective. 


PRIVATE
Human Factors and Usability
by B. Shackel
During the eighties the man power invested in human factors research by American companies increased rapidly. This, as well as a growth in numbers of books, journal and conferences dedicated to this area of research, shows that there is a focus of attention of these issues. Shackel questions the results of these efforts. He thinks that much of the research fails to lead to desired results. According to him, we need a deeper understanding of the psychological aspects of man-machine interfaces before the problem of how the interactions should be conducted can be resolved. Shackel also considers design tools and methodology as well as the issue of interaction to be especially important. 
Instead of trying to find a good method of design for usability we have to find out what usability is. The four components of any user situation is: user, task, system and environment. To achieve usability is to achieve harmony between these components. In his search for a definition of usability Shackel has come across a number of attempts. He has then tried to merge these together into one framework called usability design. These are the emergent properties of the five fundamental features. 
· User-centred design 
It is of course important for the designer to know who the users will be and what tasks they will perform. This requires contact with the users. Preferably the designer should learn at least some of the tasks that the system will support. The design must start with the creation of a usability specification. 
· Participative design 
A group of future users should co-operate with the design team. Mock-ups and simulations should be created whenever possible. If possible the interface manual should be written and tried out together with the mock-ups and simulations. 
· Experimental design 
Trials should be conducted and evaluated as early as possible in the design process. Important parts of the system should be made in several different variations that the users can try and choose between. 
· Iterative design 
The process of design, test, measure and redesign has to be iterated until the demands of the usability specification has been met. 
· User supportive design 
Documentation and interactive help should be developed concurrently with the rest of the system. 


PRIVATE
From Human Factor to Human Actors: The Role of Psychology and Human-Computer Interaction Studies in System Design
by Bannon, Liam J. 
In this article Bannon critisises the human factors (HF) research for having an implicit view of the users as, "at worst, idiots who must be shielded from the machine, or as, at best, simply sets of elementary processes or 'factors' that can be studied in isolation in the laboratory". He wants to bring forward issues such as underlying values and motivation by understanding people as actors.
Bannon aims for a new view of the discipline where the user's viewpoint is added to the system perspective. He begins this work by reformulating some key terms. The term human factors connotes a "passive, fragmented, depersonalized, unmotivated individual", viewed as a component in a system, while a human actor can be active and in control. This view brings such questions as individual motivation and context into focus. The problem with the term user, and especially naive user is that it connotes a sense of being unskilled and naive, like an aeroplane passanger compared to a pilot, but while the person may be naive to the technology, it is the researcher who is naive to the work that the technology is supposed to support. Therefore Bannon prefers casual or discretionary users. He also points out that users sometimes has to modify the system before it can be used effectively and are therefore also partly designers. 
The view of users as naive or even stupid has generated designs that pruduce stupid behaviour and requires an incredible amount of intelligence to design and maintain. The constraints in flexibility leads to systems that are easy to learn but does not offer enough functionality in the long run. Instructions and help functions are also poorly designed since they do not allow for some structure to attach new information to so that the understanding can be expanded.
To understand how this situation ha come about Bannon takes a look a the evolution of the field of HF and HCI. It was clear from the beginning of the century that there was a need for human intervention in machine controlled processes. The question of how to divide work between human and machine became an important task. Since there was a division there also had to be an interaction, and to interact you need an interface. The attempts to fit the machine to the physical and mental characteristics of humans became a new field of study that in North America became known as human factors engineering and in Europe was called ergonomics. 
In those days machines were used in the same configuration for long time periods so ease of learning was not a high priority. When the computers came a distinction was made between operators and programmers but the focus remained on the functionality rather than ease of use. As computers entered into new areas of work, and the personal computer made its breakthrough the number of discretionary user grew. They demanded systems that was easier to learn and use. Partly as a response to this, a new field of research called human-computer interaction emerged in the early eighties. In the search for a theoretical base for the new field, HCI got connected to cognitive science. The field expanded rapidly as a result of terms like ease-of-use and user-friendliness became of commercial importance.

Despite some andvaces in the area some serious criticism has been directed towards the field for its lack of relevance to the practitioners and the limitations of cognitive theory when applied to everyday design situations. A partial remedy for this is to go from controlled laboratory experiments to doing workplace studies. This is currently [1991] done in the work on usability. More attention should also be spent on the process instead of only concentrating on the product. Involvement of the users in all stages of an iterative design process should be practiced, like within the Scandinavian tradition. 
Bannon concretisises his ideas on what direction this field of research should take in a number of statements: 
· From product to process in the field of design.
Work with the users in all stages of design. 
· From individuals to groups.
Coordination and cooperation in work situations is neglected. 
· From the laboratory to the workplace.
Avoid "the race between the tortoise of cumulative science and the hare of intuitive design". 
· From novices to experts.
Attention should be paid to how users develop their skills. 
· From analysis to design.
We want to know how to build good systems, not if the system we already built is a good one. 
· From user-centered to user-involved design.
The users should be involved both for democratic and qualitative reasons. 
· From user requirements specifications to iterative prototyping.
Users need to have experience from the future use situation. 
Bannon ends the article by predicting that people from a wider range of disciplines such as architects, sociologists and athropologists will be involved in the design process in the future. 


PRIVATE
Theory-Based Design for Easily Learned Interfaces
by Polson, Peter G. & Lewis, Clayton H. 
The problem adressed here is that of how to make walk-up-and-use applications for eg. bank teller-machines or airport information kiosks. Ease of use and ease of learning becomes crucial aspects. To reach these goals the authors propose a combination of several different models. 
To begin with there is a need for a model that gives a representation of what knowledge that is needed to use an application effectively. For this purpose the GOMS method (Card et al., 1983) is chosen. The acronym stands for goals, operations, methods and selection rules. The model offers no quantification of the knowledge needed so that different tasks can be compared or training times can be predicted. For these purposes Kieras and Polson (1985) has proposed an extention of GOMS called cognitive complexity theory (CCT). This extended model makes the assumptions that rules are cognitive units, that these are equally difficult to learn and that rules learned earlier can be transferred to a new task without any cost. 
Knowing what knowledge and the amount of it that is needed is, however, not enough since the best design "is the one that minimizes the amount and complexity of the new knowledge necessary to use an application effectively", according to the authors. For this purpose the EXPL model (Lewis et al., 1987) is used. It breaks down the actions of the user and the responses of the system into smaller elements and tries to find causal connections between these links. By providing insight into the difficulty of specific aspects of a task EXPL provides a complement to GOMS and CCT, but EXPL has some limitations. 
An EXPL analysis makes no use of goals which inhibits it from making certain connections that are obvious to a person. And it can not evaluate wether the prompts involved in the interaction adequately describes the appropriate actions. Finally the model uses a learnin-by-example heuristic and therefore needs examples to learn from. To achieve problem solving potential in unfamiliar domains the authors turns to classical problem-solving literature and import the concepts of problem space and search methods. So the key to designing easily learned interfaces is in facilitating the right problem-solving mechanism. 
An integrated theory of exploratory learning of computer interfaces can now be put together using production representation of procedural knowledge from CCT, analysis of outcomes of actions from EXPL, the decision process from the puzzle-problem literature and the coordination of problem solving and learning from current cognitive architectures such as ACT* (Anderson, 1993). The resulting model is called CE+ and includes a problem-solving component that decides which action to take, a learning component to analyze the effects and store the results as rules and an execution component that coordinates execution of the rules with the problem-solving component. From this model some principles for design for successful guessing are derived (p 214): 
9. Make the repertoire of availabe actions salient. 
10. Use identity cues between actions and user goals as much as possible. 
11. Use identity cues between system responses and user goals as much as possible. 
12. Provide an obvious way to undo actions. 
13. Make available actions easy to discriminate. 
14. Offer few alternatives. 
15. Tolerate at most one hard-to-understand action in a repertoire. 
16. Require as few choices as possible. 
These priciples are compared to the design principles put forward by Donald Norman (1988) with the conclusion tha CE+ offers "a conservative specialization of Norman's framework". 
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PRIVATE
Plans and Situated Actions
by Suchman, Lucy A.
Which came first, the action or the plan? The plan, you probably say even without a moments hesitation. This is, however, according to Suchman (1987) a poor way of understanding what really happens when a person sets out to do something. She says that it is only when we have to account for our actions that we fit them into the framework of a plan. Actions are to a great extent linked to the specific situation at hand and are therefore hard to predict by using generic rules. Action, as well as learning, understanding and remembering, is situated. 
Suchman criticises the way we sometimes speak, and think, of computers as participants in interactions on equal terms. This is misleading since computers, although they one day might not be, are well behind us in the reasoning department and because they have very limited perceptive abilities. 
The Problem

Human activity can not be described sufficiently beforehand and computers need these plans since they can not properly interact. This is the dilemma investigated in this book. Compared to other forms of skill acquisition, computer based help systems resemble written instructions, which are generic and disassociated from the situation, much more than face to face instructions which are context sensitive and generally more powerful but where the effort has to be repeated. 
Attempts have been made to conquer these problems by letting the computerised coaches use tutoring techniques similar to ones used by human coaches. Suchman mentions two systems, WEST (Burton and Brown, 1982) and ELIZA (Weizenbaum, 1983, p. 23). WEST is an artificial coach to an arithmetic game called "How the West was Won". It operates by using a ruled-based system to determine how to coach the person playing the game. A rule can for example be to only give an alternative if it is considerably better, or never to coach on consecutive moves and so on. ELIZA is the collective name of a group of programs made to study natural language conversation between man and machine. The most famous of these programs is DOCTOR which is a program that tries to simulate a psychotherapist. Here the method used was to say as little as possible and thus let the patient interpret the output to mean something that makes sense in view of the patients situation. 
Even though these systems show progress in the field of man-machine communication they lack certain abilities that are essential to communication. Because of the situated nature of action, communication must include both an awareness of the local context and a mechanism to solve problems in understanding. 
All AI related action research has assumed that the plan has an existence prior to and independent of the action, that it actually determines the action. Intentions are viewed as the uncompleted parts of a plan that is already being executed. This assumption fails to account for intentions to act that are never realised and intentional action for which no plan was formed in advance. In fact, communication primarily effects the models that speakers and hearers maintain of each other according to Cohen and Perrault (1979, p. 179). 
The reason for the limitations of these systems is to be found in the theoretical assumptions that of the designs. The planning model states that the significance of action is derived from plans. Therefore the problem of interactions is to recognise and co-ordinate plans. Plans or intentions are understood by the usage of conventions for their usage. This introduces the problem of shared background knowledge. It is not enough to be aware of the local context. There has to exist a wider platform of common knowledge that explains individual actions social meaning. 
The solution of the context problem has for the cognitive scientists been to build models of the world. These models have proven reasonably adequate within limited domains such as e.g. medicine but all models taken together still does not at all cover a normal persons knowledge of the world. There seems to be a lot of knowledge, often referred to as common knowledge that does not fit into any model. This problem has so far not been solved by cognitive science and poses great restrictions to the usability of the other models. 
Another argument against the plan notion is that the view that background assumptions are part of the actor's mental state prior to the action seems unrealistic. In a conversation for example there would be almost impossible to describe what two persons were talking about without making real-time interpretations. The background assumptions are generated during the course of the interaction. 
Situated Action

Suchman calls her remedy to the above described problems situated action. It should be seen as a research programme rather than an accomplished theory. By using a name similar to purposeful action she indicates that it is a reformulation of this theory. Plans are still viewed as an important resource but the emphasis on their importance is considerably weaker than in the original theory. The theoretical base for this reformulation is to be found in a branch of sociology called ethnomethodology. 
According to Suchman, plans are representations of situated actions that only occurs when otherwise transparent activity becomes in some way problematic. The objectivity of the situations of our action is achieved through the indexicality of language. By saying that language is indexical Suchman means that the meaning of its expressions is conditional on the situation of their use. At least the communicative significance is always dependent on the situation. Language is a form of situated action. The relation of language to particular situations parallels the relation of instructions to situated action. As a consequence of the indexicality of language, mutual intelligibility is achieved on each occasion of interaction with reference to situation particulars, rather than being established once and for all by a stable body of shared meanings. 
Instead of looking for a structure that is invariant across situations we should try to understand how we manage to interact in ever changing contextual settings and still interpret and understand meaning and rationality. The communicative resources used for this include turn taking, adjacent pairs and agendas. Turn taking means that we understand conversations not just by what is said but in what order it is said a question is followed by an answer and so on. Adjacent pairs is an extension to turn taking that denotes e.g. recursively embedded follow-up questions. The turntypes can be pre-allocated as for instance in courtrooms. Agendas is the term for various pre-conceptions of the form and purpose of conversation brought on by its setting. 
The Case

Suchman has studied an expert help system that regulates the user interface of a copying machine to investigate the problem of the machine's recognition of the user's problems. Data used in the study consisted of videotapes of first-time users of the system. The copier was designed on the assumption that the user's purpose serve as a sufficient context for the interpretation of her actions. The machine tries to use any action from the user detectable to the machine to guess the user's plan and then use that plan as the context when interpreting the user's further actions. The aim of this design was to combine the portability of non-interactive instructions with interaction. The problem is that the relation between intention and action is weak due to the diffuse and tacit nature of intentions. 
The study disclosed a serious inability of the machine in reacting properly to input. Human action repeatedly strayed form the anticipated plan. When "Help" meant "What happened?" or "How do I do this?" it was interpreted as "Describe the options of this display." or "Why should I do this?", and so on. The users also frequently misinterpreted the behaviour of the machine since they tried to impose conventions of human interaction in understanding the machine. Suchman divides the interaction problems into two groups conditional relevance of response, e.g. the ambiguity between iteration and repair, and communicative breakdowns. These breakdowns are divided into the false alarm and the garden path. The first term designates the situations where the user is lead to believe that an error has been made when it actually has not and the other means that the user has made an error without noticing it. The system has no ability to discover any of these situations. 
Conclusion

This analysis ties the particular problem of designing a machine that responds appropriately to the actions of a user to the general problem of understanding the intentions of purposeful action. From this Suchman extracts three problems for the design of interactive machines. The problem of how to extend the access of the machine to the actions and circumstances of the user, how to make clear to the user the limits on the machine's access to basic interactional resources and how to find ways of compensating for the machine's lack of access to the user's situation. 
Instead of using a static model of the user when the system is designed the system needs a mechanism for real-time user modelling that knows when to assist and what to say. This mechanism should be designed based on the following strategies. Diagnosis based on differential modelling, meaning that you use the difference between an ideal (expert) usage of the system and the actual usage to estimate the skill level of the user. When the difference between the developing model of the user and the user's actions gets to big some method for finding the reason should be employed. There should be a division of local and global interpretation of the user where the global accumulation of actions is used to identify weaknesses and misunderstandings. If the user has enough information to identify and repair errors it is considered to be constructive problems. The system should transform non-constructive trouble into constructive. 
Interaction design should not be about simulating human communication but to engineer alternatives to the situated properties of interaction. Given the view of plans as event driven resources for action rather than as controlling structures the vagueness of plans is not a fault, but a consequence of the fact that intent and action must evolve side by side considering circumstantial and interactional particulars of specific situations. The foundation of actions is not plans but local interactions with our environment. The trick is to bring plans and particular circumstances into productive interaction. 
Suchman concludes by stating that the project of building interactive machines has more to gain by understanding the differences between human interaction and machine operation, than by simply assuming their similarity and that the knowledge of these existing limitations should lead to new understanding regarding the design of machines as well as for understanding situated human action. 
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Top Ten Mistakes in Web Design

1. Using Frames

Splitting a page into frames is very confusing for users since frames break the fundamental user model of the web page. All of a sudden, you cannot bookmark the current page and return to it (the bookmark points to another version of the frameset), URLs stop working, and printouts become difficult. Even worse, the predictability of user actions goes out the door: who knows what information will appear where when you click on a link? 

2. Gratuitous Use of Bleeding-Edge Technology

Don't try to attract users to your site by bragging about use of the latest web technology. You may attract a few nerds, but mainstream users will care more about useful content and your ability to offer good customer service. Using the latest and greatest before it is even out of beta is a sure way to discourage users: if their system crashes while visiting your site, you can bet that many of them will not be back. Unless you are in the business of selling Internet products or services, it is better to wait until some experience has been gained with respect to the appropriate ways of using new techniques. When desktop publishing was young, people put twenty fonts in their documents: let's avoid similar design bloat on the Web. 

As an example: Use VRML if you actually have information that maps naturally onto a three-dimensional space (e.g., architectural design, shoot-them-up games, surgery planning). Don't use VRML if your data is N-dimensional since it is usually better to produce 2-dimensional overviews that fit with the actual display and input hardware available to the user. 

3. Scrolling Text, Marquees, and Constantly Running Animations

Never include page elements that move incessantly. Moving images have an overpowering effect on the human peripheral vision. A web page should not emulate Times Square in New York City in its constant attack on the human senses: give your user some peace and quiet to actually read the text! 

Of course, <BLINK> is simply evil. Enough said. 

4. Complex URLs

Even though machine-level addressing like the URL should never have been exposed in the user interface, it is there and we have found that users actually try to decode the URLs of pages to infer the structure of web sites. Users do this because of the horrifying lack of support for navigation and sense of location in current web browsers. Thus, a URL should contain human-readable directory and file names that reflect the nature of the information space. 

Also, users sometimes need to type in a URL, so try to minimize the risk of typos by using short names with all lower-case characters and no special characters (many people don't know how to type a ~). 

5. Orphan Pages

Make sure that all pages include a clear indication of what web site they belong to since users may access pages directly without coming in through your home page. For the same reason, every page should have a link up to your home page as well as some indication of where they fit within the structure of your information space. 

6. Long Scrolling Pages

Only 10% of users scroll beyond the information that is visible on the screen when a page comes up. All critical content and navigation options should be on the top part of the page. 

Note added December 1997: More recent studies show that users are more willing to scroll now than they were in the early years of the Web. I still recommend minimizing scrolling on navigation pages, but it is no longer an absolute ban. 

7. Lack of Navigation Support

Don't assume that users know as much about your site as you do. They always have difficulty finding information, so they need support in the form of a strong sense of structure and place. Start your design with a good understanding of the structure of the information space and communicate this structure explicitly to the user. Provide a site map and let users know where they are and where they can go. Also, you will need a good search feature since even the best navigation support will never be enough. 

8. Non-Standard Link Colors

Links to pages that have not been seen by the user are blue; links to previously seen pages are purple or red. Don't mess with these colors since the ability to understand what links have been followed is one of the few navigational aides that is standard in most web browsers. Consistency is key to teaching users what the link colors mean. 

9. Outdated Information

Budget to hire a web gardener as part of your team. You need somebody to root out the weeds and replant the flowers as the website changes but most people would rather spend their time creating new content than on maintenance. In practice, maintenance is a cheap way of enhancing the content on your website since many old pages keep their relevance and should be linked into the new pages. Of course, some pages are better off being removed completely from the server after their expiration date. 

10. Overly Long Download Times

I am placing this issue last because most people already know about it; not because it is the least important. Traditional human factors guidelines indicate 10 seconds as the maximum response time before users lose interest. On the web, users have been trained to endure so much suffering that it may be acceptable to increase this limit to 15 seconds for a few pages. 

Even websites with high-end users need to consider download times: we have found that many of our customers access Sun's website from home computers in the evening because they are too busy to surf the web during working hours. Bandwidth is getting worse, not better, as the Internet adds users faster than the infrastructure can keep up. 

Update

I will present my list of top ten web-design mistakes of 2001 during my opening keynote for "Web Usability Today" at the User Experience 2001/2002 conference in Washington, DC, London, and Sydney. 



How Many Bytes in Human Memory?

by Ralph C. Merkle 

This article first appeared in Foresight Update No. 4, October 1988. 

A related article on the computational limits of the human brain is available on the web. 

Today it is commonplace to compare the human brain to a computer, and the human mind to a program running on that computer. Once seen as just a poetic metaphor, this viewpoint is now supported by most philosophers of human consciousness and most researchers in artificial intelligence. If we take this view literally, then just as we can ask how many megabytes of RAM a PC has we should be able to ask how many megabytes (or gigabytes, or terabytes, or whatever) of memory the human brain has. 

Several approximations to this number have already appeared in the literature based on "hardware" considerations (though in the case of the human brain perhaps the term "wetware" is more appropriate). One estimate of 1020 bits is actually an early estimate (by Von Neumann in The Computer and the Brain) of all the neural impulses conducted in the brain during a lifetime. This number is almost certainly larger than the true answer. Another method is to estimate the total number of synapses, and then presume that each synapse can hold a few bits. Estimates of the number of synapses have been made in the range from 1013 to 1015, with corresponding estimates of memory capacity. 

A fundamental problem with these approaches is that they rely on rather poor estimates of the raw hardware in the system. The brain is highly redundant and not well understood: the mere fact that a great mass of synapses exists does not imply that they are in fact all contributing to memory capacity. This makes the work of Thomas K. Landauer very interesting, for he has entirely avoided this hardware guessing game by measuring the actual functional capacity of human memory directly (See "How Much Do People Remember? Some Estimates of the Quantity of Learned Information in Long-term Memory", in Cognitive Science 10, 477-493, 1986). 

Landauer works at Bell Communications Research--closely affiliated with Bell Labs where the modern study of information theory was begun by C. E. Shannon to analyze the information carrying capacity of telephone lines (a subject of great interest to a telephone company). Landauer naturally used these tools by viewing human memory as a novel "telephone line" that carries information from the past to the future. The capacity of this "telephone line" can be determined by measuring the information that goes in and the information that comes out, and then applying the great power of modern information theory. 

Landauer reviewed and quantitatively analyzed experiments by himself and others in which people were asked to read text, look at pictures, and hear words, short passages of music, sentences, and nonsense syllables. After delays ranging from minutes to days the subjects were tested to determine how much they had retained. The tests were quite sensitive--they did not merely ask "What do you remember?" but often used true/false or multiple choice questions, in which even a vague memory of the material would allow selection of the correct choice. Often, the differential abilities of a group that had been exposed to the material and another group that had not been exposed to the material were used. The difference in the scores between the two groups was used to estimate the amount actually remembered (to control for the number of correct answers an intelligent human could guess without ever having seen the material). Because experiments by many different experimenters were summarized and analyzed, the results of the analysis are fairly robust; they are insensitive to fine details or specific conditions of one or another experiment. Finally, the amount remembered was divided by the time allotted to memorization to determine the number of bits remembered per second. 

The remarkable result of this work was that human beings remembered very nearly two bits per second under all the experimental conditions. Visual, verbal, musical, or whatever--two bits per second. Continued over a lifetime, this rate of memorization would produce somewhat over 109 bits, or a few hundred megabytes. 

While this estimate is probably only accurate to within an order of magnitude, Landauer says "We need answers at this level of accuracy to think about such questions as: What sort of storage and retrieval capacities will computers need to mimic human performance? What sort of physical unit should we expect to constitute the elements of information storage in the brain: molecular parts, synaptic junctions, whole cells, or cell-circuits? What kinds of coding and storage methods are reasonable to postulate for the neural support of human capabilities? In modeling or mimicking human intelligence, what size of memory and what efficiencies of use should we imagine we are copying? How much would a robot need to know to match a person?" 

What is interesting about Landauer's estimate is its small size. Perhaps more interesting is the trend--from Von Neumann's early and very high estimate, to the high estimates based on rough synapse counts, to a better supported and more modest estimate based on information theoretic considerations. While Landauer doesn't measure everything (he did not measure, for example, the bit rate in learning to ride a bicycle, nor does his estimate even consider the size of "working memory") his estimate of memory capacity suggests that the capabilities of the human brain are more approachable than we had thought. While this might come as a blow to our egos, it suggests that we could build a device with the skills and abilities of a human being with little more hardware than we now have--if only we knew the correct way to organize that hardware. 

