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Introduction

When we interact with artifacts we are closely coupled at many temporal levels, both cognitively and physically.   We think on paper in diagrams or words, we play with toys, we work with tools, and we live our lives largely within structured collections of artifacts.  Artifacts are often like prostheses.  After a day of working with nails and screws it surely must seem to a carpenter that his hands are hammers and screwdrivers. See figure 1. The same applies to more intellectual work. When we spend hours working in a word processor our focus is on the control and flow of words in the world, creating new ones, moving others around, reading repeatedly.  We are closely coupled.  
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Figure 1.  In the movie Edward Scissorhands the protagonist has prosthetic scissors in place of hands.  He engages the world differently because of his new capacities and the manipulative constraints his mechanical hands impose.   Because of the close temporal interaction between his intentions, perceptions and his manual scissors he encounters the world differently and can do things others cannot.  

My concern in this paper is on the forces shaping the design of artifacts.   Why do artifacts improve and how? I focus on design because one way to understand artifacts is to understand what makes them cognitively and functionally efficient.   If we can explain why one type of interface is better than another, why one is easier or more natural to work with than a related one, then we have moved forward in understanding how we engage and appropriate artifacts, and what that means.

For the past few years I have been studying interfaces of all sorts: microwaves, supermarket navigation, web pages, software applications and paper displays of cooking recipes, all the while looking for principles why some succeed better than others.   Why are recipes, for instance, so remarkably inefficient, as measured by the number of times we must consult them when cooking?   There are many dozens of ways of displaying ingredient lists and steps.  A dominant method ought to have emerged.  Why not?  Are any genuinely effective?  

Questions like these bring up the need for metrics.  What makes one design more cognitively efficient than another? What makes it cognitively more effective?  What is the basis for ease of use?  Or power?  To measure such things it is natural to look for quantitative concepts from existing disciplines.  From math and computer science one might hope to apply notions of complexity: algorithmic, structural or descriptive; from the study of vision, notions of visual complexity, and visual memory; from cognitive psychology, speed accuracy, memory load, attention demands; and from economics cost benefit analysis.    

This is a big question that cannot realistically be addressed in a short paper.  The more specific question I ask is this:  Can we construe artifacts to be, in some way, optimally designed for our needs?  Do artifacts evolve via a process analogous to natural selection?   In the course of discussion I will raise questions about the cost structure of activity, the nature of artifact qualities, artifact ecologies, and artifact routine co-evolution. 

Artifact Evolution

Almost any artifact can be considered to evolve:

1. Modern consumer artifacts such as pens, Ipods, microwaves, cars;

2. Culturally universal artifacts such as clothing, cooking and eating utensils;

3. Abstract or procedural artifacts such as recipes, routines and techniques for group coordination;

4. Representational artifacts such as language and written symbols, graphical representations such as maps, illustrations, equations.

Can we explain artifact evolution using optimization models?  Optimization models are based on the principle that if one thing is more efficient than another – measured along key dimensions like energy, cost, time, mental effort – then nature will prefer it. Make a more beautiful car, or a cognitively more efficient music player, then assuming costs are no greater, each ought to increase its market share and slowly drive out less ‘efficient’ models.  Optimization models are found in animal ethology (optimal foraging theory), in motor control (optimal sensori-motor control theory), in evolutionary theory (the tradition of D’Arcy Thompson), in linguistics (harmony theory), and almost universally in the natural sciences. In the sciences of the artificial, optimization – or rather constrained optimization, satisficing – is the normative goal of design.  

Since artifacts are engineered items there ought to be a set of dimensions along which we can evaluate their goodness.  It is irrelevant whether or not the designers of an artifact are conscious of these dimensions.  No doubt it helps to know what makes a given mousetrap better than another if one is setting out to build a better mousetrap.  But even if an inventor were wrong about the desiderata for mousetraps, the traps that flourish should be the ones that are most efficient, regardless of his views. The selective forces of the market should ensure that.    

The principle of optimality, as a methodological principle, has been so successful in most fields of science that it is worth pushing it to its limit in the study of artifacts.  It can serve as an idealization.  But there are special considerations that make the study of artifact optimality particularly complex, suggesting that perhaps optimality or even natural selection are inappropriate.   

First, artifacts are embedded in a culture, with historical practices and biases.  A microwave that is successful in one market may not be successful in another, even if both communities perform the same microwave tasks. More must be at play than simple notions of task efficiency; otherwise the two communities ought to prefer the same devices, since what is good in one ought to be good in another.  This break in parity threatens to dangerously expand the number of dimensions we must consider when deciding what is the optimal design for a given group.   Otherwise we cannot hold onto optimality as a principle that gives rise to predictions and robust generalizations. 
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Figure 2.  Microwaves in France and USA seem to work with different interface solutions.  The French have far fewer buttons and prefer knobs to a digital number pad.  American models add as many as ten more buttons for specialized cooking such as defrosting poultry or fish, heating beverages or baking a potato.  Since all microwaves ultimately control only power level and time the two systems are functionally equivalent (roughly speaking).  Why are the interfaces so different?   What are they optimizing?

Second, every artifact occupies a place in an ecology of artifacts.  The niche of one artifact is defined in part by the other ones around it.  Keys are defined by locks, chairs in part by tables, fasteners by materials and tools.  A microwave in a student’s kitchen, for example, inhabits a very different niche than a microwave in a professional kitchen.  And not just because the student has different expertise than a professional cook.   A cook has a range of cooking options available in a professional kitchen different from those available in a basic kitchen.  Moreover, in a professional kitchen there may be attachments or ‘extras’ that may extend the range of normal functions of a microwave.   Such options allow microwaves to be effective at browning, frying and roasting, all cooking procedures normally impossible in a microwave.  This means that the device a cook chooses to use to bake a black cod, for instance, may be different in each kitchen.   And how they cook it, even if in the same type of kitchen, depends on attachments.  Optimization, therefore, will have to be defined over an artifact ecology, since how a task is spread over multiple artifacts, and the set of artifacts preferred for a task, will differ in each ecology.    
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Figure 3a,b.  There are two senses to artifact ecologies.  In 3a and 3b we see the first type:  collections of accessories or related artifacts that can be used with a given artifact.  In 3a we see accessories for a microwave that allow cooks to brown, crisp, and poach, all  techniques not typically done in a microwave.  In 3b we see a modern airplane cockpit with its complement of dials, displays and control elements.  For any given task a set of artifacts will be relied on.  To ask whether a given member of an artifact ecology is, in some sense optimal, we must know its place in its ecology.  Add more accessories or dials and this may change.
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Figure 3c. 3d. The second type of artifact ecology refers to the range of artifacts that occupy similar niches. In 3c we see an eye surgical tool set, circa 1900, and in 3d a 22 piece screwdriver set.  The different tools in this collection serve slightly different functions. Specific jobs may call for precisely one tool or perhaps a sequence of tools.  But many of these tools are sufficiently close that they can substitute for one another in a given activity and so may be seen as competitors.   The finer the distinctions drawn between tools, the finer, more specific must be our definition of the task environment of an artifact.  There are problems defining optimality relative to this narrow task environment.
Third, artifacts and the practices that support their use, co-evolve.  New designs lead to new practices which in turn drive demand for new features or revisions.  Sometimes the cycle stops: our forks, though not our knives, seem recently to have stabilized in functional design, where all changes are primarily aesthetic, and do not lead to different ways of eating.   This will change, as new forms of food are introduced or eating practices change.  

This happened in the early 90’s.   Sporks, for instance, are spoon-like utensils, typically made out of plastic, with small tines to facilitate forking as well as spooning.  See figure 4. Their design is not recent – many elegant serving and salad spoons have tines – but their proliferation is, and owes much to the nature of fast food, of fast food service, and the way we eat in fast food restaurants.  Sporks are often given out to save utensils: the same spork can be used for soup, meat and pudding.  Eating styles often change when utensils change.  This means that artifacts cannot be studied independently of the practices that co-evolve with them.  Fast food restaurants have changed how people eat, and the utensils they expect.  But then since so many factors influence the way our practices change – think of the socio-economic forces driving the emergence of fast food restaurants – it is hard to circumscribe the optimality problem.   The simultaneous problem of optimizing artifacts and practices is underconstrained. 

A clearer example of co-evolution of practice and artifact is found in the development of the modern oven.  Prior to heat controllable ovens, recipes were designed primarily for long heat or a combination of short heat on the ‘stove top’ followed by long heat.  With the advent of stoves that can be set to specific temperatures recipes have changed, the range of people who cook according to those recipes has changed and the whole nature of cooking has, in some sense, changed.  It would be difficult to estimate the optimality of given cooking artifacts without considering the type of recipes and cooking techniques of their users.  But the three –  oven recipe practice – have co-evolved.
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Figure 4.  In 4a we see a turn of the 20th century Welsh range with its many doors and compartments.  Cooks could rely on these different compartments to be at different temperatures.   Many of our modern recipes rely on setting an oven to a specific temperature.  This could be simulated in an expensive range such as this. But most kitchens did not contain such extravagantly expensive ranges. Moreover the temperature in most compartments was much lower than we normally cook at today. Accordingly, recipes called for slow cooking.  In fig 4b we see a Kamado oven, similar to the original Japanese design 3000 years ago.  Kamados are  excellent for slow cooking BBQ style.  In fig 4c an Indian tandoor is shown.  It too was used to roast meat, though at a much faster rate than Kamado’s or ranges.  Recipes and ovens co-evolved. 

Finally, it seems arbitrary where we draw the line between new versions of old artifacts and completely new artifacts.  An artifact can easily change so much in form and function that it might make more sense to say that it has speciated or evolved into a new type.  Is a spork a type of fork, a type of spoon, or if endowed with a sharp side, a type of knife?  Is it a meaningful question?  In the biological world we rely on reproduction to settle whether animals are members of the same species. If two animals can reproduce together it doesn’t matter what they look like. They are conspecifics. With artifacts, though, there is no natural constraint on how they can be combined.  Some of the best inventions are the result of merging multiple technologies, multiple functionalities and the best of pre-existing artifacts.  But if two artifacts are not direct competitors, how can we ask if one is better than the other?  They inhabit a different niche; they serve different functions, support different tasks.  Who is better adapted, an Australian rabbit or a Bengal tiger? The two are incommensurable.  

[image: image11.jpg]


[image: image12.jpg]


          [image: image13.jpg]



Figure 4.  Sporks are a common design among serving spoons where a large thin piece of food may have to be initially separated from other pieces by spearing and pulling (e.g. pastrami), then carried by spoon, or where pieces are not dense enough to be reliably carried on the tines of a fork without a spoon’s width to add support (e.g salad leaves).  The spoon portion of the spork is used to transport the piece.  Modern plastic sporks are available in fast food restaurants to allow a single utensil to be used in foods with very different consistencies, such as soup, meat, pudding.  Are sporks a new type of eating artifact?  

The case for Optimality

To get a quick idea of why someone interested in design would consider the optimality principle, despite its obvious shortcomings, consider the design context in the early days of watching television, before remote control.  How can we explain the evolution of TV’s, with remotes and picture in picture?

The optimality principle would suggest that along with cost and size, consumers try to optimize a set of quality dimensions, such as picture quality, appearance, and ease of use.   Additional dimensions like snob or brand appeal, marketing factors like the number and appearance of knobs, etc, are additional possible dimensions.  See Table 1.  The optimality principle says that with enough time, information and computational power, every consumer makes the best choice, given their preference ranking of the dimensions they care about.   This broad idea is enshrined in the economic theory of consumer choice.  

	The Major Qualities for Assessing TV’s

	Quality
	Weighting/Importance
	Value

	Picture Quality
	
	

	Appearance/style
	
	

	Ease of Use
	
	

	Range of Features
	
	

	Brand appeal
	
	

	Number of Buttons
	
	

	 For given Size
	
	

	 For given Price
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Table 1.  For a given Size and Price there are a set of weighted qualities that a consumer can be assume to evaluate.  The value of the artifact is the sum of these weighted values.  

To apply this idea to artifact design we have to take a step not made in economics.  We must also assume that:


1. The set of different artifacts on the market for consumers to choose among is large enough to span all dimensions of consumer value.  That is, there is enough difference in size, appearance, ease of use etc of the artifacts found in each price range that every consumer can, in principle, find their optimal artifact.   If the value or quality space were sparsely covered, consumers would too often have to settle for the best available, whether this be second best, third best, or really quite bad.  So nothing reliable could be inferred about the quality of a design from consumer choice.  If choice is large enough then consumer preference will be able to reveal the weighting and assessment of all the different qualities.  


2. There are enough consumers demanding a product, at any moment, that even after consumers are clustered into specialized groups it is possible to infer the qualities they are basing their choice on.   For each group we get a statistically significant distribution of preferences based on their dimensions of interest.   If there were not enough consumers relative to quality space then we could not suppose that a given consumer group was providing us with an unbiased measure of the values of that group.   The more dimensions of value there are the more consumers we need. 

As new models of TV’s come on the market, the optimality theory states that these models should fail or succeed according to how well they are designed.   The TV’s that sell best should teach us which design criteria consumers value most.  A major set of these criteria will be related to ease of use.   TV’s that are easier to use will reduce the various costs, cognitive and physical, associated with the tasks involved in watching TV.  

The obvious cognitive and physical tasks involved in watching TV are turning the TV on and off, changing channels and changing volume.  See table 2. Other costs, such as those associated with discovering the time and channel of programs, or with controlling aspects such as muting, titling or color intensity can be treated as of secondary importance.  Improvements that reduce the costs of these activities should translate into modest preferences for one model over another, though the reality of marketing is often that consumer perceptions of ease of use, which can be manipulated by advertising, often outweigh the objective estimates of ease of use. 

	The Major TV Tasks

	Task
	Cost pre-remote
	With remote
	With PIP

	On/Off
	Distance to TV
	Click
	Click

	Change Channels
	Distance to TV
	Click
	Click

	Change Volume
	Distance to TV
	Click
	Click

	Surfing

· Bi-channel

· Multi-channel
	· Distance to TV 

· Cost of occluding TV 

· Discomfort of not sitting
	· Click to other channel, 

· Recall of original channel,  

· Constant checking for end of advertisement 
	· Two channels for free

· More channels require clicking but no need to recall

	Multi-watch
	Cost of sitting in front of TV (see above)
	Cost of clicking and recalling
	


Table 2.  The major tasks involved in watching TV and their cognitive and pragmatic costs.

To put a price on tasks an observer must go to the home of a TV user and measure things.  How far is the TV from the seats?   How fast can the viewer move?  How many channels are there? The greater the physical distance, or slower the viewer, or the more channels the viewer watches, the greater the average cost of channel changing. A designer intent on improving the cost structure of watching TV would think about changing one or more parameters: moving the couch closer to the TV, adding random access to the channel dial. An even better solution would be to provide a hand sized controller that allows a viewer to control the TV from anywhere in the room without moving.  

In each case the objective of design is to lower the cost of some aspect of TV watching activity.  Competing designs are evaluated by how much they lower costs.   Since a TV must also work well in many different settings the solution must also be one that works well given a variety of watching distances, viewer speeds, viewer lethargy and so on.  If an optimizing model is going to be useful it should show that the best designs are the ones the market chooses.  In the ideal case, market choice should reflect value: the best model should maximize user value because it has the best cost benefit profile.

Let us introduce the notion of the cost structure of activity as a space in which we compare the cost profile of competing devices.  This space has a separate dimension for each task.  See figure 6.   A given artifact occupies a point or small region in this space.  Thus, a TV without remote control lies far out on the dimensions associated with changing channels, changing volumes, and other tasks that may have to be done frequently.  Setup tasks that are done once and for all are not much more costly to do by walking up to the TV and adjusting knobs there, rather than using a remote control or some other method adjusting parameters non locally.  Alternative design candidates to remotes are using a cell phone, Ipod, or computer to alter setting; using voice control, gesture, or a laser pointer at a menu.
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Figure 5. Several scales are useful in determining the cost structure of an activity.  Clockwise from the lower left they are 

 Figure 6.  We can represent the cost structure of an activity space in a few ways.  One summary view shows a space of tasks and plots each TV on it.  The position of a device is given by a function taking as arguments such facts as speed accuracy curves, and error-cost vs. frequency tables, and assigning a number – a cost – for each task.  Lower cost is better than higher cost.  But there remains a question about the uniformity of costs across tasks.  A better cost structure would assign weightings to the importance of each dimension.  

This is an attractive model if it can be made to work.  But there are complexities that challenge its usefulness as an explanatory model. 

First there is the question of what dimensions to include.  In figure 5 I used tasks.  This has the nice feature that if a new task becomes important it can be added to the space as a new dimension.  For instance, consider what happens when remotes spread throughout the market.  Over time users adapt to the new cost structure.  A new equilibrium is reached as they become proficient at using the remote to change channels, mute, increase volume, and turn the set on and off.  

At this point something interesting happens.   Tasks that were non-existent, or of little import, suddenly loom as determinants of consumer preference.   Consider the activity of toggling between two channels.  When changing channels required walking to the set, squatting in front of it and rotating a knob, users had to settle on a channel and then return to their seat.  The cost of staying in front of the set and toggling back and forth between channels to semi-watch two programs was too high to make this an activity people either wanted or did.  But with a remote it was suddenly easy to switch away from a channel when an advertisement was playing.  This raised a new problem: timing the advertisement, so that viewers could return to the dominant channel in time to catch the beginning of the post commercial scene.   The design response was quick: add a ’last’ button to permit users to toggle between the current channel and the last.   

A ‘last’ button is a good step in addressing the new desire that users developed.   But in fact most users do not even know their remotes have a last button.  So it hardly drives product differentiation.  Moreover it does not support true surfing.  The biggest emergent activity that the drop in the cost of channel switching introduced is channel surfing, a predominantly male behavior of changing channels relentlessly during commercials and usually during the slow moments of the dominant program itself.  Some surfers have pushed this behavior so far that there is no single show they are truly watching and they are best seen as watching multiple channels.   To lower the cost of surfing the next big change in TV’s was to add ‘picture in picture’ to support watching two channels at once.  

If the dimensions delineating the cost of an activity space are tied to tasks then we can add new dimensions as new tasks become significant.  This makes using tasks as dimensions a good idea.  But then how are tasks to be weighted?  Before people cared about surfing they would have one weight for the value of changing channels.  After becoming surfing addicts they would put another weight.  Moreover, many of the tasks are not orthogonal, the actions involved in turning volume up or down are closely related to the actions of changing channels.  Perhaps we should be costing actions rather than tasks?  And is this a truly metric space, or is it ordinal at best?  In that case, device A is better than device B if A is no worse than B in all dimensions and better in at least one.  This is Pareto better.   But if it’s Pareto optimality that we care about we must be certain that we are comparing genuinely comparable artifacts.  As mentioned earlier artifacts speciate.  They become especially good at a few tasks at the cost of being worse on many others.  This seems to be the case with hammers.  See figure 7.  In that case we cannot say that one type of hammer is preferred to another using Pareto criterion because the hammers each excel at some tasks and are inferior in others. 
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Figure 7.  Although some hammers are general purpose most are designed for more specific jobs such as driving and removing nails or working with drywall or masonry.

Moreover, as artifacts change they bias the environments their users choose to use them in.  Masonry hammers are used on bricks, drywall hammers on drywall, slater hammers on slate roofs.   In the case of TV’s,  the effect of changing the way users interact has had led to changes in where they are used.  TV’s are normally never placed high up on walls or on ceilings since these are out reach.  But with remotes it is commonplace to find TV’s in unreachable places in bars, kitchens, dental clinics and waiting rooms.  This means that a change in design can also lead to a change in the range of environments of activity.  The broader the range of environments the more value users can derive.

Are these consequences of design change proof of the value of a cost analysis or a criticism of it?   I see them as proof.  It seems explanatory to present a changed cost structure as the force driving users to adapt their behavior.   Changes in cost structure also shape preference.  For, if users are rational they will prefer models that have the best cost profile.  Hence, the artifacts that proliferate ought to be the ones with the best design, as measured by their cost-benefit profile.  Accordingly, surfing and putting TV’s on ceilings, are rational (optimal) responses to a change in cost structure.  Should we care that we could not have predicted these changes?  I think not.  Evolution is not a predictive model.  More importantly, the fact that changes in cost structure can lead to emergent behaviors that in turn create goals that no one anticipated earlier, seems positively desirable since it honors our belief in the unpredictability of technological change. It suggests that small design changes can soon lead to explosive design changes when the value space of consumers changes rapidly owing to their newly acquired desires.  And this iterative process of design change, desire change, design change can continue indefinitely. 

This in most respects is the argument from optimization.  One more example may show that this sort of analysis generalizes nicely.  Consider the evolution of power drills.  Power drills were originally designed to lower the physical effort and time involved in drilling holes.  Some years later, users appreciated that drills could be used to turn screws if rotational speed could be controlled.  Those drills adding this control feature soon proliferated.  Virtually all drills now support rotation control.   However, this has been so successful that many users began treating their drills primarily as automatic screwdrivers.  This revision in the weighting of tasks led to a new need. Screws are regularly found in awkward places, and can be distant from power outlets.  Hence, better models should be more portable, that is, reduced in size and weight. The market responded with battery-powered drills, which are small and light.  

Three Observations

Artifact selection is different than natural selection.  In natural selection, differential reproductive success is the mechanism by which adaptive qualities spread through a population of conspecifics.  The decision of mates during the sexual selection phase speeds up this process.  In the end, though, it is reproductive success that matters.  With artifact selection it is not reproduction that matters as much as choice by users at the point of purchase.  This, in effect, is like sexual selection without the further test of reproductive success. 

If artifact selection at the point of purchase is perfectly rational then user must be able to make perfect estimates of the present value of using each artifact in the future.  They then choose the artifact with the best return.  That is, the artifact whose present value most exceeds the purchase price.  Rational choice equals optimal choice.  Unfortunately, if emergent behavior is unpredictable, as it so often is, it will be hard for users who have yet to become experienced with a new artifact to make reliable present value estimates.  How can someone be a good predictor of how valuable an artifact will be if they haven’t used it for any length of time?  They are likely to focus on the wrong qualities.

The designs one finds most prevalent are adapted to historical conditions rather than current conditions.  Let us say that at any moment there is an ideal artifact that is a near perfect fit to a design context.  A design context is a set of tasks, routines, and practices of importance to a particular user group.   Because a new artifact almost always leads to changes in user practice, and it is this longer term equilibrium set of practices we are interested in, our ideal artifact will not perfectly fit the current environment.

An analogous argument can be made against optimal foraging theory.  This theory states that a creature’s proportion of time spent foraging, sleeping, searching for new food sources, is optimal in the sense that if an ethologist were to study the creature’s environment, estimating the probability of predation while searching or foraging, the probability of finding new food sources, the depletion rate of known food sources and so on, then it will turn out that the creature is optimizing its life expectancy, or rather reproductive success, because it is optimizing the difference between weighted probability of good things and the weighted probability of bad things.   Optimal foraging theory has been adapted by many in the Human Computer Interaction community as the basis for explaining search behavior in information spaces. 

The analogous argument against optimal foraging theory is that by observing only the current environmental conditions the ethologist has no idea what the environment was that actually exercised selective pressure.  It takes time to evolve.  And in that time environmental conditions can move on.  Perhaps there was a drought that radically shaped the behavior of the current survivors.  In that case they would not be optimally designed for either current conditions or ‘normal’ conditions.   If we substitute the word fashion, or trend for drought, the same argument applies to our observations of what is the dominant design in the marketplace and homes of consumers.

Cost structures assume closed task environments.  The last problem I will mention concerns the assumption that all the relevant actions which agents perform in a setting can be assigned values relative to one task environment or another.  It is hard to see how costs can be assigned to tasks unless those tasks take place in well defined task environments where ‘other thins are held constant’.  But in realistic environments where people do more than one task, where they are not always by themselves, and occasionally have other things on their minds, some of their actions are going to be external to all task environments.  These actions might be called ‘inter-task’ actions.

For instance, the best remotes should accommodate the realities of use, such as, being interrupted, multi-tasking, sharing the remote, operating in the dark and other aspects of real world environments where errors creep into performance because of ‘extra-task’ factors.  The need to accommodate these additional elements puts a limit on the empirical adequacy of all cost structure accounts as currently practiced.  It is not normally thought to be a design requirement on a remote that it work well when its user is interrupted in mid channel change.  But such factors should be included in empirical measures of speed accuracy etc.  this may not completely derail the cost approach but it does pose a genuine problem in basing costs on analyses of task environments. 

Conclusion 

I have offered reasons both for and against the theory that artifact evolution can be explained as the outcome of rational choice based on activity costs.   Users rarely know the way they will react to significant changes in artifacts, and most designers cannot anticipate these changes either.  Small changes in design can lead to major changes soon after.  Users change their own preferences, costs and desires.  And they soon adapt themselves to new artifacts.  Nonetheless, I think that optimization models are still useful as a method for exploring the nature of artifact evolution.  If handled skillfully they offer genuine insight into the trajectory of artifact evolution, at least after the fact.  As we deepen our understanding of the qualities that matter to people, and that qualities that make an artifact more efficient, more effective and easier to use, both cognitively and pragmatically, we will learn more about the dynamic coupling of user and artifact.
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� A more recent version of this theory, developed by Lancaster, and sometimes called the new theory of consumer choice allows these dimensions to be made explicit and be the main reason consumers’ demand curves are not always smooth and continuous.  In Lancaster’s model it was not necessary to add assumptions 1 and 2, however, since his concern was with postulating the presence of attributes to explain the shape of demand curves and not with the reverse problem of using demand among different consumer groups to determine the value dimensions of artifacts. 





PAGE  
1

_1078271009.unknown

