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I. Introduction

A natural objective of technology is to improve methods of production by increasing the speed-accuracy of routines.  Although major re-engineering of production is at times the only way a firm may stay competitive, more often than not, innovation is modest and incremental, concerned with improving existing methods by streamlining processes, reducing cognitive load, improving coordination, and automating specific steps.  See figure 1.  
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Figure 1. 

It is typical for episodes of process re-engineering to be followed by incremental change where the changes do not involve restructuring major elements of the production process.  It is presumed, though rarely stated, that routine change is a linear function of technological or organizational change.  
It is natural to assume that the net effect of incremental, targeted innovation is that core production algorithms remain fundamentally constant despite a reduction in the cost of individual steps, sub-routines, or routines.  For instance, in simulations of learning using AI models of routines and skills, a change in cost function brought on by, say, a new technology, usually leads an adaptive system to reconfigure parts of its routines.   Just how major this reconfiguration is depends on how major the technological change is.  When technological change is small, changes in routines tend also to be small.  

For example, when a restaurant buys a new range with larger and more powerful burners the overall speed of cooking can increase somewhat, but cooking routines, though fractionally altered, remain more or less constant.  The basic constraints of cooking stay approximately the same with better burners.  Although some parts of the process can be speeded up, there are limits on this speed up owing to sequencing constraints and preparation constraints. So, not surprisingly, the structure of the cooking task and the routines that are involved remain approximately the same.  

By contrast, when a restaurant buys a second range, redesigns the layout of its kitchen and hires a second cook – in short, reorganizes –  the routines found in the kitchen are expected to change significantly.  Adding a second stove and cook to share the demands of throughput are meant to have a large effect on output and a large effect on routines.  Suddenly, coordination, collaboration, load balancing and so on become important determinants of kitchen behavior.   

Let us call the assumption that the magnitude of routine change is a linear or near linear and monotonic function of the magnitude of technology change, the linearity assumption. 

In this paper we have two goals: 


1. to consider the wisdom of the linearity assumption.  What really happens to routines, activity, coordination, and agent cognition when a modest piece of technology is introduced to the workplace?   Does incremental technology really produce incremental change in routines and incremental change in output?  


2. to present a theory of routines that is cognitively realistic. How should we understand the forces shaping routines once we relax certain idealizing assumptions made by cognitive scientists based on seeing a work environment as a superposition of task environments? 

To study the impact of technology on behavior, production and routine evolution we present brief case studies and theoretical analyses of the production methods in two modern coffee houses: Peet’s Coffee, a small chain that started in Berkeley CA, and Starbucks, the dominant global player in the industry.  Both have streamlined the way they ensure the rapid and effective delivery of individualized beverages.  Both use technology in revealing ways.  

After considering these case studies we show how they prove the linearity assumption is not generally correct.  Small but ingenious changes in technology and production methods can lead to large changes in output and routines.  We then move to our positive account and after critiquing classical views of routine evolution and adaptation, we present an alternative view that conforms more closely to the real conditions found in the activity spaces where production occurs.

The thesis we defend is based on a situated and distributed cognition view of activity and routines being developed by Kirsh in [What is an Activity Space and how does technology reshape it? ].  Technology, on this account, is part of a dense coupling between agent and environment, a coupling that is far more complex than that assumed in standard economic theories of routines, and more complex than presented in many theories of routine behavior found in cognitive science.  

To understand this dense coupling it is necessary to understand, in a micro manner, how agents are embedded in their environments, how the two – agent and the affordances, resources and cues that constitute the environment of action – interact.   Once this more microanalysis is presented it becomes apparent that when technology is introduced both agent and environment co-adapt.  Technology modifies the environment which agents confront; and agents, meanwhile, in adapting to their new environments, modify those environments further. This co-adaptation usually leads to a cascade of side effects that ripples through other routines and other environments.   This need not challenge the fundamental assumption in adaptive economic accounts which holds selection to operate on routines, among other things.  But it does emphasize that when technology is altered the changes that percolate through a firm may not be local and that a change in any one routine may have an impact on other routines.  This in turn suggests that an important factor determining the successful incorporation of technology is a second order capacity of firms to adapt to first order adaptations in routines.  Successful firms have to be flexible.  Now to the case study.

II. Case Study: Major Steps in Café Activity

The word espresso is derived from the Italian word for express since espresso is made for a specific customer and served immediately.  A double espresso is a 1.5 - 2 ounce extract that is prepared from 14-17 grams of (medium) ground coffee through which purified water of 88-95°C has been forced at 9-10 atmospheres of pressure for a brew time of 22-28 seconds.  The espresso should drip out of the portafilter (the metal container that holds the freshly ground coffee) like warm honey, have a deep reddish-brown color, and a rich golden crema (the foamy stuff on top)  that makes up 10-30% of the beverage.  See the appendix for a detailed account of the equipment and process of making espresso.
Although the process of preparing espresso based drinks, ordering and communicating them differs at Peet’s and Starbucks at a detailed level, there is enough commonality at a gross level to distinguish five functionally and structurally distinct steps.   See figure 2.  

The five steps are:
1. interact with client to specify order

2. take cash and make change, offer receipt (step 2 may occur after step 3)

3. communicate order

4. prepare the order

5. announce completion of order and queue the drink for client to collect
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Figure 2
The five structural steps in the delivery of client requested espresso based hot drinks are shown here in a schematic that also displays the gross structural layout of the process at Peet’s in La Jolla, CA.

In addition to these obvious steps there are a variety of support activities that are not always visible to clients.   The major support activities also shared are:


6. initialize cash machine software, initialize cash available for change, maintain paper and ink used for printing receipts.

7. maintain supplies of paper cups, clean porcelain cups and saucers if used, 

8. maintain milk and coffee bean supplies for use in espresso based drinks

9. maintain complimentary supplies for clients: milk and cream, stirrers, sweeteners, cup holders, water

10. maintain cleanliness: empty various trashes, keep counters clean, wash frothing pitchers, periodically clean portafilter

11. maintain temperature of milk used for lattés, cappuccinos, etc

There are good practices for all of these activities and each step, in a sense, can be viewed as posing a task with an associated task environment and activity space in which skilled agents have learned routines for efficient performance.  There are routines and standard operating procedures for taking orders, making cash, passing the order to a barista; of course there are routines for preparing the orders, routines for queuing the drinks, routines for maintaining the requisite resources and the general environment in which all these activities take place.  Each step corresponds to a functional role that someone has to learn or be trained to fill.  

The complication with this otherwise attractive and theoretically tractable view of a collection of distinct tasks and task environments is that in cafés everyone has to complete their tasks in the same small physical space behind the counter, and usually at the same time.  Each person has several tasks and often they multi-task. This will be an important point which we return to later.  If tasks are not modular then the classical way of analyzing them – which inevitably assumes them to be modular – is rendered invalid.  This motivates the need for a new theory of routines.  

The basis for this claim is empirical.  Observation shows that in a typical small café, where there are three or four people behind the counter – one or two to take orders, two to make the drinks – the same counter space serves multiple functions.  It is not uncommon for one person to reach over another as they work, or in spare moments to offer help.   For instance, maintaining the milk temperature in frothing pitchers, cleaning a portafilter, cleaning the counter space, or restocking beans are all tasks that anyone with the requisite skills and a free minute or two can perform.  Because of this dense sharing of physical space an individual agent working on his or her own task will often change the state of a surface also being used by another, and change things in a way that impacts on the other’s task.  Sometimes this is anticipated, sometimes it is not.  

In an adaptive system agents should learn to exploit such side effects.  Factors that are strictly exogenous to their own tasks must somehow be brought under control and if not made endogenous elements, then at least, be anticipated and handled in a way that minimizes negative effects. This extra adaptation by employees is often referred to as on the job learning, to acknowledge that formal training manuals may not readily cover the skills found necessary in situ.   It further reinforces the idea that roles are not as modular as a functional decomposition of café jobs suggests.

In learning organizations, routines and technologies may be expected to evolve over time so that negative side effects on others are minimized and side effects from others are neutralized, insulated against, exploited, or somehow incorporated in a positive way into routines.  The effect of adaptation should be an increase in the overall speed and accuracy in the performance of the distributed system consisting of the baristas, order takers, and collection of interacting environments and technologies).  See figure 3a. In the case of espresso making a second and equally important effect is to allow the system to deliver drinks of greater complexity with acceptable speed and accuracy.   See figure 3b.

The consumer market for cafés values drink novelty and complexity.  Any firm that can increase its capacity to handle drinks of ever greater complexity in acceptable time increases it chance of gaining market share.  One reason Peet’s and Starbucks flourish is that they produce better coffee faster and can handle more interesting requests from their customers.  These soon find their way onto their menu.  We contend that the theory that explains this evolution deviates from the classical theory of routines because it places the locus of adaptation – the unit of selection – in a distributed property of the production methods of the firm.  It is not to be understood in a simpler manner as improved performance in a modular task environment. 
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                    Figure 3a


                     Figure 3b
In figure 3a the effect of improving routines and technology is shown as a shift toward the origin of the speed accuracy curve for a given output level.  Such curves show that as a drink is prepared faster the probability of making an error rises. Quality control requires that the error level be kept within a certain margin of acceptability.  As routines improve or as technology improves the same drink can be prepared faster and with fewer expected errors at that speed.  One consequence of improved speed accuracy is that  drinks of greater complexity can be made fast enough and with few enough errors to meet quality control standards.  Figure 3b illustrates this effect by showing the speed accuracy curves associated with drinks of increasing complexity, C1, C2. C3, C4.   As speed accuracy improves for a given output a drink that was once too complex to be made within acceptable bounds is now acceptable.

II.1 Step Three: Communicating an Order
As we look more closely at the specific routines in Peet’s and Starbucks we find one noteworthy difference in the way each implements Step three: the technology based routines which order-takers use for relaying the details of each espresso based request to the baristas who prepare the drink.  Starbucks chose a low-technology approach, Peet’s a higher-technology approach.  

It should be mentioned at this point that since neither Peet’s nor Starbucks permits filming in their store we gathered our information through in depth interviews of previous baristas from both stores.  Baristas were invited to the lab at UCSD and we videotaped them as they drew on a large whiteboard the spatial layout of their workspace, provided close-ups of button arrangements on espresso machines and display controls, and the windows and sub-windows of the cash machine.  They then spent several hours walking us through every step of activity under as many diverse conditions as both expert and listener could imagine.  We were particularly interested in the spatialization of resources – on what they put where and when – in errors they could recall making or seeing others make, in instances of miscoordination, in how they coped with high customer volume, and in their opinions about the hallmarks of a good barista.  Some interviews required multiple sessions.  

Let us turn now to the differences in how the two organizations communicate orders.

Communicating orders at Starbucks

Until recently a simple but brilliant modification to the paper cup used in Starbucks has been the hallmark of the Starbuck process.  See figure 4. As will become clear, this modification, which on most accounts of technology and innovation is incremental, has really had a massive impact on performance and especially on the robustness of routines.
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Figure 4

The Starbucks paper cup has a printed form on one side containing 6 fields each supporting a fixed vocabulary of symbols.  Fields are filled to indicate the specific ways in which an order deviates from the default.   A standard Grande Cappuccino would have only one symbol –  C – marked in the bottom field to indicate drink type.   It would receive the default values of two shots of caffeinated espresso, full fat milk and a normal amount of froth.
To appreciate what is so special about the Starbucks cup it is necessary to understand the problems it was designed to solve: namely to prevent the type of errors that can arise when an order is communicated by voice to the barista.    

At modern cafés drink complexity has risen so dramatically that it is no longer expected that an order will be as simple as ‘One tall latte’.  For example, a client may now request a large cappuccino made from non-fat milk with an extra shot of decaf espresso (to compliment the standard two shots of caffeinated espresso), included also in the order will be a request for more froth, a standard dose of sugar free hazelnut syrup, a drop of vanilla syrup, and the drink should be served at a cooler temperature than usual.  The customer himself may then garnish the drink with a few shavings of chocolate or powdered sugar found on a sideboard.  For the attendant on cash to pass on such an order orally by turning to a barista and calling out the request – as is the tradition in classical European cafés –  not only takes an unacceptably long time, it puts an unacceptable cognitive burden on the barista, who may well be in the midst of making another drink.  Obviously any number of errors can creep into this oral process, ranging from a miscall by the order taker, to the barista forgetting specifics, or confusing some parts of the next order with the present order and ruining the drink currently being prepared. Once confusion has occurred, moreover, there is no easy way of recovering the details of the order because there is no persistent record to review.  The receipt does not contain any information about a drink if it has no effect on pricing.  So an order, once called out is lost, except for what remains in the memory of the order taker, barista, and client, which all may be defective
Now consider how the Starbucks cup changes the work equation.  Instead of calling out the order the attendant now selects a cup of the correct size, reaches for a black indelible marker, and fills in the peculiarities of the order.   If the drink is the standard default version, then all that needs to be marked down is its type: latte, cappuccino, mocha, etc.  The size is already guaranteed by the cup so no error there can be made.  And the barista is saved the step of selecting cups, so time is probably saved. Moreover, since the obvious problem with calling out requests is that voice is transient, marking the request down creates a persistent element in the environment.  This prevents memory errors, it avoids distracting or interrupting the barista since the cup may be placed quietly in a queue, and it even preserves the temporal sequence of orders, since the queue holds the order of requests  

Look at the advantages the Starbucks cup has for robustness.  Since the information about the order is written right on the cup and not on some paper form jammed on a spindle or placed on the counter, or worst called out, there is no chance of losing the order, or confusing one written order with another.  A barista who is interrupted in the middle of an order and forgets where he or she is in the process can often figure out what to do next by looking at the specification right on the cup.  No chance of looking at the wrong piece of paper because there are no paper forms or checks separate from the cup.  So by reading the order and looking at what is in the cup and attending to the cues offered by one’s current posture and stance relative to the equipment, the barista can figure out what to do next. This means that cognitive demands go way down and order complexity can go up.  To cap it off, there are no piles of used paper forms cluttering up the space because the form is on the cup and is carried away by the client.   

The idea of robustness to interruption can be pushed further.  The most damaging effect on production occurs when one of the baristas is burned by scalding coffee.  The cup he or she has been working on is dropped and spills, others stop what they are doing and offer help; generally the whole system spasms and breaks down.  Had requests been given orally most of the orders would likely be lost at this point.  Had they been written down on plain paper forms the ink on the paper might smear, be lost, or confused with others.  But with the Starbucks cup, a new barista can identify the order, or orders that were ruined simply by picking up the cups that were dropped.  Since each cup still has its specification, the barista can restart the process using new cups of the right size and still keep the queue order intact.   The cup has become the great coordinator of the Starbucks espresso making process, moving along with production, rather than being just another resource to use up and throw away.  It speeds the process, makes it more robust and allows for drinks of greater complexity to be made.  Quite an accomplishment for so low cost and low technology an artifact. 

What about the linearity assumption?  Did the introduction of the Starbucks cup force a major change in routine?  For the order-taker, it has meant doing more than taking cash and calling out an order; it means choosing a cup, writing on it, and queuing it.   For the barista, it means consulting the cup during the production process.  Given that we have no articulated metric to quantify the magnitude of a routine change, the best we can do at this point is to rely on common sense and intuition.  From that standpoint the Starbucks cup, which viewed from an investment and technology perspective is an incremental change in the Starbucks production method, has resulted in a major change in the routines of order-takers. They do more, do it differently, and handle orders of greater complexity.  The routines of the baristas, by contrast, are not significantly changed.   It is true that they no longer must listen to oral orders and remember who wants what.  But the biggest determinant of their routines is the technology for espresso making they have in their workspace.  Memory load does not significantly effect the way baristas operate the grinder, doser, tamper, and espresso maker.  Improving the ordering process may indeed lead them to handle orders of greater complexity and cope with larger queues.  But compared with the changes that would be introduced by changes in their primary equipment these alterations in their routines are small.  

Communicating orders at Peets

At Peet’s the process is very different and relies on considerably more technology than at Starbucks.  Instead of using printed forms on paper cups to communicate what is special about an order, the order takers at Peet’s operate with a touch screen display that has enough windows and sub-windows to encode the entire order, in all its detail and idiosyncrasy.  If an order is so bizarre that it cannot can be encoded in any of the fields provided, the attendant can still communicate the order by using a free text in which details of the aberrant specification (such as half soy milk, half full fat) are typed in. This certainly is useful for inventory control purposes and for marketing analyses, but it does mean that the order taking process can take considerably longer to complete and that communication will not be handled by queuing a cup.  

Instead, there is a monitor above the espresso maker which shows the first name of the client, the elapsed time since the order was placed, the details of the drink, and place in the queue.  The monitor queues the orders from left to right, with the first order in a rectangular box on the upper left part of the screen and the seventh order in the penultimate box on the lower right.  The eighth box contains the full queue of orders in summary form and highlights those being worked on. If there are more than seven orders in the queue the monitor displays the first seven and the next one as soon as one drink is marked completed and disappears from the display.   See figure 5.

Figure 5

The order queue displayed on a monitor just to the left of the espresso machine at Peet’s in La Jolla has room for seven drinks and one summary frame.  Each order has a header containing the customer’s name and a symbol for its type, C, L, E, M etc. The details of each drink are given right below the heading in as much detail as needed.  As at Starbucks the only descriptions that are marked down are those which differentiate the drink from standard ones.

The investment in technology at Peet’s is much greater than at Starbucks.  It also leads to a slightly greater change in routines on the part of Baristas, though arguably no greater change in the routines of order-takers.  There are specific advantages to this process.  First it is well designed for multiple order takers, especially if their cash registers are not close to the baristas.  Purely from a physical perspective, if an order-taker is not within ear-shot of baristas, he or she must either walk over to a barista, as waitresses do, and give their order orally, or give the barista a written slip with the order, or place a Starbucks-like cup near to the barista, or use some communication technology such as a microphone and speaker, electronic printout, or visual display to pass on their orders.  Since persistence is advantageous, and order-takers can handle more orders if they stay at their station, displays or printouts are the best method for handling distance communication.  Other solutions are no doubt possible.  
A second advantage of this approach is that it lessens crowding. If displays or printouts are not used, and communication relies instead on getting close to baristas, physical coordination, in a small space, becomes a problem as the number of order-takers increases.  Suddenly there are now more hands and bodies traversing the queuing area near to the barista. Contention and crowding become troublesome. But by having a mechanical system determine how to queue orders, order-takers can get on with their primary job of drink specifications and handling cash.

Variants of the print and display technology have been tried out at Starbucks in their drive-thru locations.  At Starbucks drive thru cafés, the order taker and cash machine is not beside the espresso machine and a variant of the display system is used.  Their implementation is similar to Peet’s.  The differences that exist may be ignored here.  
Of greater interest, however, is a print process being piloted at some drive-thru’s and smaller sit-down cafes.  
In these pilot Starbucks a new version of their classical approach is being tested.  The order taker punches in a detailed order, as at Peet’s.  But instead of displaying the results on a monitor near to the baristas,  a tiny printer types the order using the Starbucks cup code onto a small sticky label which is then pasted onto a cup.  This preserves some of the advantages of the original Starbuck’s cup method, such as spatial queuing, robustness to interruption etc, while supporting distributed production.  As with other remote techniques it gives up the edge in speed which handwriting has over touch navigating through screens.  

Peet’s vs. Starbucks – Pros and Cons

Given the proven value of the Starbucks cup approach why has Peet’s chosen a more high technology approach. One reason is that at Peet’s drinks are served in porcelain cups if clients make it clear that they intend to drink their espresso inside the café.  Porcelain cups are said by some aficionados  to improve the quality of the drink because they can be preheated before filling.  And of course it is more aesthetic to drink from a china or porcelain cup than a paper one.  Obviously it would be inappropriate to write on a porcelain cup or put a sticky form on it. 
There are further customer service benefits to the Peet’s method.  Each drink displayed on the monitor is associated with a customer’s name.  This means that typically customers are told when their drink can be collected by calling out their name rather than by calling out their drink specification as at Starbucks – ‘Decaf Vente Latte with hazelnut’.   Using and learning customer’s names is a specific directive at Peet’s, and it helps give it a more intimate café feel.   At some Starbucks names are now being written on cups, but this is not yet a company policy.

So which is the better method?  There is no easy answer.  From a speed point of view, one of our subjects who was a veteran at using the Starbucks cup and also a veteran at using the new Starbucks sticky label system maintained that it is considerably faster to use a pen on a cup than to navigate through all the relevant screens when inputting a complex order.  Writing is faster than touch screens if there are many layers of screens to move through.  Moreover, the Starbucks cup approach helps with load balancing because cups are kept near to order takers and  save the barista a step.  Of course market analysis is better when there are complete records of orders and this cannot be done when using cups to carry details of the specification.  At Peet’s this is even extended to tracking the time needed to complete a specific order since the barista must hit a button to mark the completion of an order.  This sort of information could be useful for time motion studies.  

But there are deeper issues to consider when comparing the two sets of routines.  First the Starbucks cup approach, for all its personal efficiency, belongs to a system that is less team oriented than display technologies.  Since there are almost always two baristas on duty it is possible that one might help the other at odd times if they can see the specification of the drink the other is making or they can look ahead at the resources that will be needed to handle the queue of drinks.  Displays are, by their position and size, shared.  Both of the baristas as well as the order takers, can see what is on the screen.  This makes the information on them more shareable.  Symbols on cups are partly shareable but not easily seen at a distance and there is typically no procedure in place at Starbucks to ensure that the symbols are oriented for best viewing by both baristas.  This makes it harder for one barista to determine for his current team how much milk to put in a pitcher, when to heat it, how to guarantee enough froth and so forth.  It is easy to develop routines to maintain certain levels of heated milk but for best quality cappuccino, milk should not be reheated and pitchers should not be filled for more than two or three drinks at once.   

Second, the Starbuck’s cup approach cannot scale as easily to greater numbers of baristas, to baristas at multiple stations, to multiple order-takers, and increased distance between the cash machine and barista.  This follows because as the number of baristas increases the coordination problem of who will complete which order becomes more complex.  At some point there are too many cups in one place, or too many hands reaching in the same area.  This may not be a problem for cafés with two order takers and two baristas in close proximity.  But at larger cafés or where cash machines and baristas are stationed far apart cup passing breaks down.
Implication for Linearity Assumption 

What do these detailed stories of process tell us about routines?  Our case study has shown that in Starbucks and Peet’s clever technology has reduced cognitive load and thereby improved the speed accuracy tradeoffs of espresso production, resulting in faster throughput and the capacity to produce drinks of greater complexity.   But arguably the more major technological changes found at Peet’s and Starbucks’ drive-thru’s are not more efficient and may even be less efficient than the classical Starbucks cup.  

The morale for the linearity assumption, we think, is clear.  Production methods that are higher tech, more costly, and the outcome of major re-engineering do not always have a greater impact on output and routines.  At cafés with two baristas and no more than two order-takers side by side, the potentially more significant changes in routines  induced by display or printing technologies may not lead to improved performance along any dimension other than information-capture for market analysis.  The Starbucks cup is a counterexample to the linearity assumption.  A modest but clever technologies can have major impacts on output.  

Implication for Analysis of Routines
The observation that technology can have non linear effects on production methods will not come as a surprise to those who think of evolution as a mechanism that permits saltations.  Even if evolution is typically a hill climbing process and the majority of mutations fail when they produce non-incremental change, organisms of common ancestry nonetheless do grow apart and speciate.   We have suggested that at the level of the firm even small changes in technology and the organization of production can lead to saltations and rapid differentiation.    

This idea has profound implications for an adaptive theory if it makes claims that the unit of selection in firm evolution is smaller than the firm itself.  If the entities that are selected for are such things as routines, or technologies and routines, rather than firms themselves, then we need an account of routines that explains the respects in which some routines are better than others.  We also need to know the dimensions along which candidate routines (or whatever it is that is being selected for) may vary.  For instance, if the thing being selected at Starbucks is a design for the cup and the norms for using the cup, then it is possible to look for earlier versions of the cup + norms to see why one of these versions has survived and propagated through the Starbucks chain while the others died off.  

What is this unit?  From our observations so far the interesting thing about production in even such regulated environments as Starbucks and Peet’s is that the confined physical space in which baristas and order takers work makes coordination, load balancing and situation awareness especially important.  One person’s work space intersects and overlaps with another’s.  Actions performed by person A during the normal course of activity may easily have consequences that intrude on the activity and work space of person B.  Side effects are not anomalous events that can be ignored, they are commonplace.  So in an adaptive world everyone’s routines must be shaped by the reality of these factors.   Routines are not adaptations to modular task environments.   

The reason such an idea is problematic is that without a notion like a task environment or something much like it, we have no easy way of explaining why one routine is better than another. All that could be said is that firms which use such routines do better than others.  Not a very satisfactory explanation. 

The methodologies and formalisms of task analysis, problem solving, situated cognition, machine learning and classical design, by contrast, do offer explanations of why one design or routine or method of working is better than another.  But to do so they focus on optimization with respect to a relatively closed environment.   Within such a modular environment it is possible to ask why one method of doing things is better than another.   Thus, routine X could be shown to be more efficient than routine Y since X is a method for completing the job in environment E in fewer steps, or permits completing the process faster or with fewer errors, or provides a means of completion that places less stress on employees.  

Again our case study suggests that such methodologies are likely to fail to give the true story precisely because they ignore the importance of ‘extra-task’ factors.  Good routines in cafés enable employees to tolerate constant interruptions, to support multi-tasking and to immunize themselves from the consequences of distraction which inevitably occur in intensely social environments.  The classical theories of routines and technological innovation rarely focus on the importance of these ‘extra-task’ factors.   Yet one of the lessons of the Starbucks cup and Peet’s remote display cases are that creating a persistent representation also serves to minimize the bad effects of interruption etc..  Routines have co-evolved with this technology both to make efficient use of the technology and to tolerate interruption.  This suggests that the unit of selection in firm adaptation is not just the routine and the technology enhanced environment supporting the routine, it includes aspects of the environment that are exogenous to each specific task environment.  The theoretical framework needed to explain this co-evolution goes substantially beyond classical approaches.

We now turn to an account of routines from a classical viewpoint and how this account must change to deal with more open task environments and activity spaces.

II. A Classical View of Routines from Cognitive Science

We begin our analysis of the complexity of the adaptive process with a discussion of a classical assumption in decision theory and cognitive science, derived from Herbert Simon, that individual agents confront a constellation of task environments best conceptualized as systems of choice points ordered by expected utility functions.  On this account, whenever an agent is performing a task there is a task environment that he or she is operating in.  This task environment is an abstraction over the actual physical activity space in which the agent acts.  

Routines, on this account, can be interpreted in several ways.  They might be either:

1. stable and cost effective action sequences, or modular subsequences, through the real world counterpart to a task environment – this is a behavioral view; 

2. fixed scripts for generating paths or subpaths in a task environment – this is a cognitivist view because the same script may generate different action sequences depending on details of the real world counterpart to the task environment;  or

3. stable collections of heuristics for generating paths or subpaths in a task environment  – this is another version of the cognitivist view. 

Here’s how these three play out in an analysis of agents solving the Tower of Hanoi puzzle – a well structured and highly simple problem that was a classic of the Newell and Simon approach to cognitive science in the 80’s.  We discuss the Tower of Hanoi problem before considering espresso management because the Tower of Hanoi has always been seen as showcasing the virtues of the classical information processing account of problem solving, despite its formal and relatively colorless nature.

In the Tower of Hanoi task an experienced player is assumed to have a well defined internal representation of the task, called a problem space representation, which encodes the task environment plus some ancillary knowledge.   The task environment is the initial state, the goal condition, and the legal arrangements of disks on pegs linked together into a network of allowable actions.   It is the underlying task structure which determines such things as choice points, feasible actions, and the consequences of actions.   See figure 6.  
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Figure 6.

Figure 6a shows the Tower of Hanoi game as played on a wooden  version of he problem.  In figure 6b the problem is represented as a connected graph.  Both start and goal states are marked by arrows.  This simple state space graph is one representation of the task environment of the Tower of Hanoi problem.
Task environments are highly abstract.  The task environment of the Tower of Hanoi, for instance, is the same regardless of the actual size, color, shape or material of the disks that agents face when actually solving the problem in space and time.  Accordingly, a task environment represents the formal problem that is invariant across different physical instantiations of the problem.  This structure is so abstract that even digital versions of a task like the Tower of Hanoi, which are played on a computer with virtual disks and pegs, are assumed to be posing the same problem despite being played with non-physical disks and pegs.  Psychological differences in agents and differences in their performance are explained by pointing to differences in the problem space representations they use. They are not to be explained by differences in the physical versions of the task.  More experienced agents play better because they encode the task in more effective representations and rely on more knowledge.  For instance, they will have better ways of estimating when they are moving closer to the goal and when they are pursuing a counterproductive path. 

Within this classical context we can now explain the different conceptions of routine.  First the behavioral conception.

Behavior, on this classical model, is the external action which problem solvers perform at each state or choice point in a task environment.  Such actions are determined in the Tower of Hanoi task by searching through the internal representation of all feasible paths from the current state to the goal state and selecting the first action found on the minimal cost path as measured by the number of moves to the goal or some other heuristic that experienced players have learned.  The result of repeating this process of selecting optimal actions in a problem space and then externalizing them is that the agent steps through a sequence of actions in the physical activity space that conforms to a minimal cost path.  If the agent performs the same way on subsequent exposures to the task it will seem as if he or she has acquired a strict behavioral routine for solving the Tower of Hanoi problem.  Whenever performing the task the agent behaves the same.  This is one way of explaining a behavioral account of routines.

There is a major weakness with the behavioral account of routines.  It does not scale up to larger instances of the task.  When intelligent problem solvers learn how to solve Tower of Hanoi problems they typically learn a skill which allows them to solve versions of the  puzzle with larger numbers of disks than they trained on.  These larger versions require more memory and more computation than the original puzzle they mastered.  Hence, what they have learned cannot be a sequence of behaviors per se, but rather something more abstract or cognitive, such as, the recursive structure of Tower of Hanoi solutions, or perhaps knowledge about procedures for generating such solutions.  

The non-behaviorist or cognitivist account of routines can be explained by considering what is needed to understand scale up, flexibility and so on.  Because the process or structure that is invariant over repeated solutions to different sizes of the Tower of Hanoi problem cannot be some behavioral regularity, it must be some abstract invariant in the Tower of Hanoi task environment, or some invariant in the problem solving procedures competent agents employ. Of course, there may be no invariance in the behavior, cognition, or interaction of agents.  But ex-hypothesis, we are not considering this possibility.  
Within the classical tradition, this invariant is represented by analysts in a variety of formalisms: as a recursive structure specified by grammars, scripts, an algorithm, or as a system of production rules based on heuristics or metrics for searching the Tower of Hanoi problem space,  or as a set of logical conditions defined over a more abstract representational space.  In this last case, what practiced Tower of Hanoi players learn is how to represent the problem in a way that makes the solution transparent.  These different but related accounts are all versions of a cognitivist approach to routines.
Applying the classical model to realistic work contexts

Despite the fact that the classical model of a task environment is excessively idealized, it is intuitive, comprehensive and powerful.  It can be applied to the realities of the workplace if two more assumptions are added:
1. the workplace is a superposition of task environments, and

2. team behavior is the outcome of combining the individual behaviors of team members.

We explain each in turn.  

First the assumption of superposition.   Routines, we have been arguing, can be analyzed in the classical language of cognitive science as procedural regularities represented in production systems, grammars, scripts or other procedural languages.   All these regularities are defined over task environment or problem space representations of task environments.  In order to accommodate the obvious fact that members of any organization perform many tasks and have routines for many types of activity, a proponent of the classical view must assume that individual agents confront as many task environments as they have distinct tasks. 

The actual environment, accordingly, is a superposition of task environments, and agents constantly multi-task as they switch from one task with its corresponding task environment to another task with its different task environment.  In order to multitask agents must swap out the internal state associated with representing where they are in one task and swap in, or reactivate, the internal state associated with representing where they are in one of their other tasks.  This may well be a problematic aspect of real life activity, but it is a factor that is exogenous to first order cognition, which is concerned with solving problems posed by tasks.  Hence, even complex environments, like cafes, where agents move in and out of each others space and where they perform multiple tasks, are to be understood as a layering of task environments. At least so a proponent of the classical view would say.
Team behavior can also be explained.  To accommodate the evident fact that organizational members regularly operate in teams, adherents of the classical view must also assume that team behavior is the consequence of individual agents adapting to task environments that include states and actions that are the product of others.  The effect of this second assumption is that some task environments are more dynamic and potentially more uncertain than Tower of Hanoi style problems.  Such environments can still give rise to cognitive and behavioral invariants, however, if there are equilibrium structures or equilibrium expectations that emerge from the interaction of individual rational agents, each responding to their own task environments. Role playing and team routines in that case will emerge from individuals acting rationally.  This is the assumption of methodological individualism in sociology.  

There is a long history to the debate about methodological individualism.  Supporters of the view maintain that equilibria can be guaranteed if organizational structure is well designed.  

For instance, organizations help create equilibria expectations by adding information or structure to the task environments of individual agents.  First, and perhaps most obviously, they define the roles and job descriptions of their members.  These descriptions are meant to specify each member’s formal job.  The importance of roles and job descriptions is that it helps to stabilize mutual expectations. For example, almost every organization provides employees with training to clarify which jobs are to be done and typically how they are to be done.  During training organizations make an effort to articulate rules and standard operating procedures (when appropriate).  These descriptions and rules are meant to serve as norms for the approved method of doing things.   There are clear limitations on this training.  Rarely, if ever, do organizations provide explicit microlevel descriptions of how members are to work in a moment to moment fashion.  Nor how they are to manage interruptions, multi-tasking, social complications and so forth.  As we shall see, these important parts of expertise in the workplace fall through the cracks of training and give rise to individual differences in behavior and to idiosyncrasies in the way agents adapt their workspaces.  Nonetheless, when it is effective, training does give members a basis for expectations about how other members will behave.  And because individual choice in an organization regularly depends on mutual expectation, manipulation of expectation patterns is an important driver of equilibrium behavior. 

The second way organizations add structure to the environments of their members is by providing infrastructure in the form of workflow automation, communication links, software, workstations and specific coordinating mechanisms such as routing slips, forms for signing off on documents, structured displays, and so on.  All these methods represent technological interventions by firms.  

Every artifact embodies technology in some way or another and collectively the artifacts, their affordances and rules of use comprise part of the infrastructure supporting environments of activity.   In a coffee house, for example, the infrastructure consists, among other things, of the coffee making equipment, the surfaces and hand tools that baristas use, the spatial layout of the equipment, the relative position of barista stations, the signage, cups, cash machine and its interface screens, as well as timers, maintenance schedules, supply lines and so on that keep the coffee house running smoothly. By intelligently choosing these elements and arranging them into a structure that simultaneously constrains and facilitates activity, coffee house designers, in conjunction with workflow engineers, create an enriched system of activity environments that make the job of baristas easier and more manageable. 

Such, at any rate, is the way a neoclassical account of routines in organizations would run.  How realistic is this model of routinization and coordinated activity?   Is the activity of organizational members well represented as rational choice – albeit procedurally rational – in a superposition of task environments?   Can we maintain the notion of a task environment when the infrastructure of the environment is so dependent on subtle features such as layout, design, affordance structure and so on that seem to lie beneath the descriptive level of tasks based on choice points and state descriptions?

III. Some objections to this neo-classical model

As computationally attractive as this idealized model of routinization and coordinated activity is there are good reasons to suppose that it does not tell the whole story and may in fact be systematically misleading.  The main issues revolve around the assumption that the environment of activity is well represented as a task environment of sparsely distributed choice points, or a superposition of task environments, and that agent behavior is the outcome of rational adaptation to these task environments.  If agents are coupled in more complex ways to their environment than assumed in task environment accounts then new theories are required.  That is the line of thought we shall advance.

The source of most of our concerns is connected in one way or another to the relentless pressure which interruptions, multitasking, error and real time coordination places on agents.  These aspects of ecologically real activity fall through the cracks of task environment analyses.  They fall through because, first, agents are more closely coupled to their environments so there is more going on in determining what to do next then just considering the sparsely defined choice points given in task environments.  When  barista is first being taught how to pull espresso the easy part of training has to do with the steps.  The real skill is in knowing how the handle should feel as it controls the pressure of the hot water; how the steam should sound as it goes through the portafilter, how fast the liquid should flow out.  These are dynamic aspects of engagement; they are not learned through books or abstractly.  

The second reason the task environment approach is misleading is because it leaves no room for explanations of how we adapt our performance to the constants of interruption and multi-tasking etc.  In a world where activity is rationalized by seeing it as a move in a task environment the question arises: what rationalizes the move between activities?   In the neo-classical model multi-tasking and interruption occur but they are never themselves seen as explicit tasks that agents have to rationally manage.  And yet in the course of developing ‘first-order’ skills, such as tamping portafilters, or controlling the pressure of boiling water as it is forced through coffee, agents also develop skills to handle interruptions, to minimize recovery time when they err, to support multi-tasking and to adaptively respond to variations in teammates’ behavior.  These important constituents of employee skill inevitably lead to deviation from the routines they would follow if they worked in single isolated task environments where none of these exogenous factors exist.  Indeed, one of the main purposes of the incremental technologies introduced in coffee houses, such as the Starbucks cup, has been precisely to increase the robustness of performance in the face of interruption, breakdown and multi-tasking. 

Once it is accepted that ‘task exogenous’ factors are an essential part of the forces shaping the design of technology, behavior and norms then new types of analyses become important.  Among these are a new appreciation for:

1. the significant role which cue structure, workspace layout, and visual design play in how effectively agents behave and how easy it is for them to determine what to do next.   These micro-structural elements have an impact on the speed accuracy of performance, and firms often make incremental technological change precisely in such elements..  Yet typically because these changes are small they have been assumed to have no real impact on the structure of task environments.  They reduce the cost of particular actions and so may subtly reshape the routines, but they are not thought to deform task environments or an agent’s internal representation of their tasks.  Hence they fall below the radar of task analyses.  The level of description typical of task environment analysis does not attend to these microstructural elements of agent-environment interaction.  We believe this radically underestimates the importance which small changes in layout, visual design and cue structure can play in reshaping routines.

2. the importance of  task modifying actions.  In task environment analyses the assumption that agents adapt to their environment without adapting that environment itself neglects how agents actively reshape their environments by adding complementary and epistemic structure to their momentary workspace through talking, developing shared routines, adding reminders, cues and other prompts and state holders.  Agents often rely on these sort of actions to immunize themselves from the negative effects of interruption and multi-tasking.   Indeed many of the technological changes introduced to environments are discovered through user centered design which stems from discussions and observation of the actions users perform to minimize disruption. 

3. the prevalence of emergent patterns of behavior and the effect which these have on how agents conceptualize and project structure on their environments of activity.  It is not uncommon for changes in technology to lead to emergent routines that change agents’ conceptions of what they need in their environment to do their job better.

Activity space vs. Task environment 

Our first step in moving away from the classical view is to introduce a term – activity space – to characterize the attribute rich environment that agents really work in.  An activity space is a physical context in which an agent performs a task.   When an agent faces a real Tower of Hanoi task there is a Tower of Hanoi structure made of plastic or wood or some other material.  The disks have weight, the pegs have a height and separation, and moving disks back and forth takes effort as well as planning.  Because of their dependence on space, time, materials and technologies, activity spaces support many more actions than those that can directly advance or hinder goal progress.  That is, there are more actions available in an activity space than those available in its corresponding task environment.  If it is useful to talk of choice points at all, an activity space differs from a task environment in presenting agents with a significantly more dense set of choice points, not all of them to do with the waypoints normally identified with steps in a plan.

For instance, agents can typically rotate Tower of Hanoi disks.  Some people do this while considering what to do next. Rotating a disk is not a ‘move’ in the task environment because the problem state is the same whether or not a disk has been rotated.   Rotating is assumed to be irrelevant to working on the puzzle in the same way that scratching one’s head or muttering while thinking is supposed to be irrelevant.  Rotation is a task external action according to the Newell and Simon account since it cannot ever bring the agent closer to completing the task.  It is superfluous.  Yet, it is part of most Tower of Hanoi activity spaces because it is an action open to agents when they are working on the task.  See figure 7.

In figure 7 the idea that many Tower of Hanoi activity spaces share an abstract structure of states, transitions and constraints is illustrated by suggesting that they may be so different in shape, form, composition and appearance, that the only thing they could possibly share in some mathematical abstraction, a Platonic form, called a task environment.
Figure 7

The task environment is a high level abstraction over activity spaces.   Since Tower of Hanoi problems can be implemented in a huge number of ways, including virtual or digital realizations, the one thing that all have in common is the states, state transitions and constraints imposed by the task itself.  It is the Platonic task leached of all specifics derived from any particular embodiment.

The argument presented by those identified with the situated approach to cognition is that cognition always takes place in specific contexts.  Problems are not faced in the abstract but rather in concrete  situations.  When an agent originally learned to master the problem, to methodically solve it, many of the cues that were relied on were specific to the details of the situation.  Thus, a barista who learned how to make espresso on their inexpensive home machine, learned the feel of controlling the flow of hot water on that specific machine.  When working with a new machine that implements the same function in a different manner, and with a different feel, there is a learning phase to be gone through.   It is not that the barista must learn the gross function of the water control on the new machine.  It is the details and how to fit the controlling of water pressure into the other parts of the routine that takes time to learn.  Consequently, the transfer is not immediate.  So much of what has to be learned is linked to the cues, and superficial constraints of working with the new machine.  These cues and surface constraints may not transfer well between inexpensive and professional machine.  To be sure, the major steps of grinding, tamping, locking the portafilter in place, forcing the water through over time, putting a cup in place, are the same on different machines.  At that high level of abstraction the method of making espresso is constant across almost all machines.  But the rhythm of work is different in the two environments.  His placement of portafilters, tampers, cups, and so on were originally tied to his home environment and part of his original routine, but now must be adapted or relearned.

The differences between a situated account of routines and a more formal or abstract account also shows up in the way recipes and descriptions of routines are thought to be involved in structuring action.   Is the story of how to make espresso which a barista gives when asked a causally active representation which he or she has in mind when executing the task?  Do baristas actually follow that method or do they just behave in accordance with the method, acting as if they are following it but in fact moving through the process in reaction to stimuli at a much lower level of granularity?  Our analogy here is with using a map to get from place to place and using landmarks.  When moving around campus we may rely on landmarks and local cues to get move around, but our behavior is describable as following paths defined on the map.  We act in accordance with shortest path routes on the map, but actually rely on different causes to make our way.  The map is not causally active.

The reason it may seem like we have methods for making espresso or have maps in our head, is that when we reflect on a task, we can usually replay enough of how we go about doing things from an objective perspective to tell a good objective story.  When the new barista works in his home kitchen, he knows where the coffee beans are kept and how he prepares his space so that he can keep everything under control, minimizing effort and reducing the time it will take to clean up.  In retelling the story, however, he knows what to leave out.  Most of the actions scientists would observe if they were to record him on video, never find their way into his narrative.  He doesn’t talk about those when he describing his method to an audience.  Instead he talks about waypoints, or the gross steps that must be completed. He may talk about watching out for telltale signs that the espresso has been made well.  But even in telling us what to watch out for and how to know we are proceeding on track, he is likely to abstract from the specific cues he relies on in his home environment and recast his account in more objectivist language.  If we could see into his head we would find that it is local cues that remind him what to do next.  His attention is on the details of doing this or that; it is not on the task construed in a gross manner.  So in fact his routine is lodged in his dispositions to react in this way or that to local cues, to monitor certain key properties, to alter his behavior to put things back on track, even if his post hoc story treats the routine at a high level.     
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In the tamping task, where baristas must prepare a portafilter for use with the espresso machine, the difference between experts and novices is how uniformly the grounds are tamped, under what pressure, and in what shape, since not all shapes are equally good.   To compensate for the skill required new designs of tampers have been introduced to market.  At the task level, however, it is hard to imagine a meaningful problem of tamping that abstracts away from the specific physical attributes of a particular tamper and a particular portafilter.
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Figure 8.

In fig 8a, the imprint of differently shaped tampers is seen in the surface shape of ground coffee in the portafilter.  Experts have their own style and manner of tamping to improve the quality of espresso coming out of their particular espresso machine.   

The importance of Cue structure in Action space

By acknowledging the importance of causal detail in action and action selection we open the door to questions about how cues bias the way we act.  Consider the two interface displays in figure 6.  Both present the user with the same options, yet one does it far more effectively.  Why is that?  To say only that it is better designed is to beg the question.  It is better designed because it honors one of the central tenets of good design:  what is semantically related should be visually related; what is semantically close should be visually close.  This design principle exists because it has been found that when users are presented options visually organized in semantically meaningful ways they perform faster, make fewer errors, maintain better awareness of what they have done and what they still need to do, and feel more in control than when they are shown the same options but in a less semantically motivated way.

[image: image10.png]



[image: image11.png]



Figure 6

Here are two versions of the same form.  The reason Figure 6a is o obviously so much better than Figure6b is that 6b arranges visual elements so that it is clearer what goes with what. Just as a well written paragraph is easier to comprehend than a poorly written one, so a visually well structured design is easier to comprehend and use than a poorly structured one. The reason 1b is better than 1a is that the way the semantic clusters are laid out in two dimensions heighten their visual independence and subtly redirects users to chunk 
their configuration task into demarcated steps. The choice points and the options within each point are well marked. This makes planning, monitoring and evaluating easier. 
The

An important lesson that can be learned about activity spaces from looking at interfaces is that there is a lot going on when someone decides what to do.  They have to be able to recognize the actions that are possible; they have to be able to see what they have just done so they know where they are in their current control of the environment.  They have to see or in some way  have an idea of the consequences of their action.  And in many environments where things happen continuously – in ping pong, driving, dancing, playing a musical instrument – the environment never quite stands still.  Agent interact in a continuous and dynamical way.  There may still be key moments, choice points in a sense.  But these are not demarcated as abruptly as the pegs on a Tower of Hanoi.  Nor even as discretely as a the fields in a form.  And even when they are as apparent, there may be cues present that hint at what is to be done, far more than in the Tower of Hanoi.  For instance, on the Starbucks cup, the custom field has more linear space than others. We know why. Custom fields are filled in with ad hoc information, details about what a customer wants for which there is no simple code letter.  The field is large to allow this arbitrary information to be added.  But from the users point of view it also reminds him or her that free entry is allowed.  As evidence gathers about the size of the average entry it may be wise to enlarge this field.  

Environments can be evaluated in much the same way that routines can be.  Cost charts.    

Structures the cue landscape.  This has to be selected for.  More precisely an environment design for a population has to be designed for.  Together they form a system with cost benefit curves.

Costs arise in an activity space because there are always resources associated with performing actions.  These costs may be measured in terms of the energy an agent must expend to move disks, for example, the distance the disks must cover, or in some other way.  If disks are heavy the physical cost of moving a disk from peg to peg is greater than if they are light.  In most task representations of the Tower of Hanoi the actual cost of moving a disk is treated as irrelevant.  One move costs one unit.  But of course this is not true in some activity spaces where it may be much harder to perform one action than another.  

There are also cognitive costs associated with performing actions. This is a harder and less objective measure to define because the cognitive costs associated with performing a task depend on expertise and environment design.  It should be recalled that the point of introducing a concept like a task environment was to provide a formal structure that was invariant across the different problem space representations agents could form of the task.  Cognition is supposed to take place in the problem space representation which is a representational structure assumed to be in the head.   As agents learn they develop better problem space representations or better heuristics for searching through problem spaces.  In later accounts parts of the representation of the problem space could even be external to agents.  Diagrams for instance help to encode problem state so that agents do not need to have a complete description of the state in their head.  This makes searching through a problem space a more interactive process of looking at a diagram or perhaps the visual disposition of pegs on a boardgive structure sustain parts of the problem state.  resources 

Rewards can also be thought to arise in an activity space although they are more abstract.  In chess, for instance, taking an opponent’s queen is an action physically on par with taking a pawn.  But the value of the piece taken is much greater.  So in the chess task environment and its problem space counterpart, where there is usually some metric for estimating the probable consequences of actions, the expected gain from taking a queen is represented  as being much greater than taking a pawn.  The reason we can say that gains and rewards are also to be had in an activity space is that the outcomes of winning, or successfully completing a task, or generating real output also take place in activity space.  Activity spaces, accordingly, are not just the object rich regions of space time where resources are expended and activity takes place.  They have an achievement side to them.  They are a chunk of the environment that instantiates a task environment, but which also includes the side effects and real world consequences of actions performed in them and in causally connected environments. 

The idea that actions have costs and benefits is a obvious one to appropriate for design. It is natural to suppose that a primary goal of design and technology is to alter the costs or benefits of certain actions so that tasks can be completed in a less costly manner or more cost efficiently (i.e. some actions now have a higher return while keeping their cost constant.). It is easy to see how this idea has played out in some simple examples of technological innovation.  

Consider how wireless technology has changed the activity of watching TV.   Before the introduction of remote control the cost to change channels depended on a few factors such as the spatial distance between seat and TV, the design of the channel switch on the television itself, the speed a viewer moves from seat to TV.  The greater the physical distance, or the slower the viewer can cover that distance, or the more channels that have to be passed through, the greater the cost.  A designer intent on improving the cost structure of the activity space associated with watching TV would initially think about changing one or more of these basic parameters.  For instance, easy changes would be to move the couch closer to the TV, or alter the channel dial on the TV so that now channels can be randomly accessed rather than sequentially accessed.  Another easy change would be to run a wire from the TV to a second dial placed near the viewer’s seat, thereby greatly lowering the time to reach the channel dial.  An even better design would be to provide a portable remote dial or channel switcher that worked wirelessly.  

In each case the objective of the design change was to lower the costs of the two necessary actions: reach the controller, use the controller to change the channel.  See figure 4.  The benefits of individual actions were not manipulated because the task is so simple that the task space is not significantly deformed by changes in action costs.  The basic plan to change a channel is still the same regardless of technology: reach controller, change channel.  Of course, there are some changes to an activity space that do increase reward.  For instance, empirically it seems that if the cost of channel switching falls below a certain threshold an emergent activity – a routine – of channel surfing arises.  Channel surfing is the rapid switching between channels to permit watching or semi-watching several channels at once.  In fact channel surfing often requires the addition of random access buttons and a special button that returns one to the last channel to be really viable.  But at some point if these shortcuts push the cost of switching  becomes low enough to permit some users to tap into a new source of value then modifications to the activity space will also increase the reward of certain actions. 

Figure 4

In figure 4a the relation between time (cost) and the number of channels to be covered is shown for an environment where a remoteless TV may be moved closer or farther from the viewer’s seat.  The TV has too many channels to use a simple radial dial and instead channels are selected by using an up and down button.  There is no random access.  Distance and viewer speed are treated as fixed costs wrt channels, though obviously if we can control where the seat is then these are variable, as shown. 

The importance of  task modifying actions.  
This is about the failure of the old decision cycle because it ignores all the other stuff that one does to embed info and cues in the environment.  It also ignores preparation, which serves to time shift both computation and action – to amortize the costs of activity so that future activity which normally would be performed at a time when resources are more costly, can be partially performed at times when they are less costly.  That is, if we parboil potatoes when we have time the night before (and refrigerate them of course) then we can make hash browns or pan fried potatoes at breakfast fast enough to make our breakfast making chore sufficiently brief to be pleasant.  If we are making food in wok, the frying process is quick.  All ingredients must be cut and ready to be thrown in the wok once the process begins.  There is no time to cut vegetables in real time, unless there are many sous chef nearby who are furiously chopping while we are cooking. Even then there is a coordination problem of delivering the cut items a the right time and without getting in the cook’s way.  The obvious solution looks like a plan but can constructively be called preparation because …  Notice the use of bowls to hold the interim products – the cut ingredients.  If we were cutting in real time on a chopping board we could slide the cut pieces off the board into the pot, such as one might do when making stew.  But there are advantages to using containers since they serve to commoditize the ingredient, keeping it in a state of readiness, reducing clutter since they can be easily moved around,  and the same container can be used by more than one person or at multiple times.
Another time shifting example: lay out the ingredients beforehand when cooking Indian food. 
Recognition versus recall.  Cues are recognized as having action related import.  If someone has left a bag of beans beside the grinder and the grinder looks empty then I may suspect that they were interrupted in the process of stocking the grinder to prepare it for grinding.  My perception of the beans and grinder is on the one hand structural – I see that the beans are to the right of the grinder – but it is also functional – I see it as prompting an action.  The patterns and recognitions that cues prompt can be action patterns.  In a tennis game if the ball is coming to your backhand side, then depending on how your body is oriented the perceptual cues related to ball velocity, spin etc prompt you to approach the ball in a certain way.  There are strategy elements that make this more difficult and more reflective.  But much of the cueing that occurs  is action oriented.  A more comical example was used in the film Roger Rabbit.  Roger is a cartoon character who at a certain time was hiding from the police.  To get Roger to expose himself the detective knocked the first part of a well known tune on a wall he thought Roger was behind:  ‘Shave and a haircut ….’  Roger could not stop his compulsion to complete the tune – ‘two bits’.

Figure

In a classical decision cycle, this one discussed by Norman (1989), an agent perceives a situation, interprets, considers his options, chooses the one that   etc.  What is missing from this highly intentional planful approach to activity is acknowledgement that much of activity is more reactive.  That agents do not usually pull the next step off of a plan, that sits well formed in their heads and then apply it.  The environment helps them to recognize what to do. 

This is about the importance of personalization and the momentary changes users make in an environment.  People learn in a particular environment and they have an urge to recreate this niche.  
The point of interest is that the unit of selection then has to be over an intelligent skill in an environmental setting – a task or activity niche.  

Designing for recovery
Speed accuracy curves

It is noteworthy that in cost functions based on resource usage or effort there is no allowance for error.  Yet in performing real actions there is always the possibility of error, even if it is improbable.  In well designed activity environments, the probability of error should be low.  If the probability is not low then at least the probable consequences of an error should not be costly.   

Thus in designing a TV controller that must manage hundreds of channels there is inevitably a tradeoff in the speed with which the user can transition through large numbers of channels and stop the search exactly on the target channel.  The slower the search process the more precise the channel selection, the faster the search the more likely there will have to be some recovery from over or undershooting the channel.  Typically the consequences of the error and the cost of recovery are small. But depending on the expected costs involved designers will look for a design that has a speed accuracy curve that nicely fits the costs and benefits of speed versus precision.  See figure 5.

Figure 5.
The speed accuracy curve associated with a design for a channel controller is one factor designers should keep an eye on. The best design is the one whose speed accuracy curve is closest to the lowest in the region that has the best cost benefit profile. 

Improvement in speed accuracy curves seems like a perfect description of routine evolution.   For simplicity let us take a routine to be an organized string of actions occurring in an activity space.  Routines are connected to tasks because they should either be a method for performing a task, or a method for performing a modular part of a task.  One routine is better than another if it can be performed faster or with fewer errors.   Routines can be improved by agents learning to execute their actions faster or less errorful.  Or they may be improved by changing the cost structure of the activity space so that the same outcomes can be achieved faster or improved outcomes achieved for the same costs.

Figure 6.
The speed accuracy curve associated with improved versions of a routine resembles the speed accuracy curves associated with better activity space designs.   Improved routines may be the result of practice or better activity space design.
Because the cost function assigning costs to actions in an activity space invariably has time as one of its factors and there is a tradeoff between time and error, cost functions implicitly make assumptions about the skill level of agents and the error rate that is acceptable.   The cost function of a highly skilled agent will be lower than the cost function of a less skilled agent.  Designers of software are well aware of this phenomenon and often design interfaces differently for agents of different skill.  This suggests that the cost function of an activity space should make explicit reference to skill.   But in more production oriented environments it is often thought better to train agents to a skill criterion so that the technology in the environment can be designed on the assumption that everyone will use it in the same way.  The upshot is that in non software environments the cost function incorporates assumptions about normal skill and normal error.  This cost function will assign to each feasible action at each state in the activity space the cost a ‘default’ agent will take.  See figure 7.

Figure 7

A speed accuracy curve can be converted to a time cost curve if there is some way of estimating the cost of making an error.  Error cost is a function of expected costs of the error and also the cost of performing the action correctly.   

The Importance of ‘exogenous’ Errors 

Our story so far is this:  

· agents must perform many tasks

· no action occurs in a vacuum – an isolated task environment – hence whenever an agent acts there is an activity space in which he is or she is acting.

· Every activity space supports more actions than those narrowly defined in its associated task environment 

· Agents do not have total control over the timing of task demands.   As a result they often have to interrupt one task to do another – they multitask.  

· Interruptions occur regularly, whether from the social world, themselves, or other task demands. 

· They also are distracted by events occurring around them or by their own internal state – worries, thoughts, concerns

· The cost function that assigns costs to actions in an activity space makes implicit reference to a speed accuracy function that specifies the probability of error for each action when performed at a certain speed

· The benefit function that assigns value to the actions in an activity space …

We now consider how plausible is the notion of a cost function based on physical details of the activity space and an implicit speed accuracy function.  How misleading is it to assume that the consequences of interruption, multi-tasking and social activity can be ignored when determing the expected cost of activity?

, 

position on this trade off curve of is often based on the time needed to perform an action 

Appendix

The major pieces of equipment used to make espresso are as follows. 
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The espresso making machine itself.  This is an expensive device for heating water to about 95°C, then controlling water flow, pressure level and infusion time by means of buttons, gauges, and a knob or handle. Semi automatic models allow baristas to control all these factors.  Fully automatic models provide micro-processor controlled dosing (weighing the coffee) using several preset buttons, they grind the coffee and pack the portafilter. To brew good espresso consistently the temperature of the water inside the espresso machine should be relatively stable.  All espresso makers also have one or more steam wands for heating milk and causing froth.  In Peet’s a semiautomatic espresso maker is used. In Starbucks many cafés now use the fully automatic version that automatically grinds the beans and packs the portafilter.  
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Portafilters play a key role in the classical and semi-automatic espresso making process since they hold the freshly ground coffee that is infused with hot water.  They are first fastened to the grinder to collect the freshly ground coffee, the coffee in them must then be tamped to the right consistency and compactness, then they are fastened securely to the espresso maker to allow the pressurized hot water be forced through the coffee, and finally they are removed from the espresso maker and the used espresso pellet of grinds is removed. A good  porta-filter is made of metal and must always be warmed before extracting espresso.   The portafilter consists of the entire assembly of the handle, the basket, and the spouts.  Most portafilters have spouts for dripping to one cup, though some have two spouts for dripping to two cups at once.  
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A grinder is used to grind the beans to a particle size  in which the extraction process of forcing the hot water through the portafilter takes 22-28 seconds.  Flow rate should be controlled by the grind size and not by varying the pressure one tamps the coffee down.   The portafilter is locked in place at the output hole of the grinder and collects the dose of freshly ground coffee the barista has chosen. After grinding the volatile oils that were previously protected inside the bean are exposed to the air which oxidizes and stales the coffee.  This effect occurs immediately after grinding so it is important to tamp and extract the espresso as quickly as possible.  The grinder should be activated for 15-20 seconds every time a shot is desired.  Good grinders produce particles of uniform size and do not heat the coffee during the grinding process.
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 A tamper is a device for pressing the ground coffee more tightly in its portafilter. The goal of tamping is to create a pellet of coffee through which the hot water from the espresso machine will penetrate evenly.  Since the water from the espresso machine is under pressure the espresso pellet must be hard enough and tamped evenly enough to ensure that the water permeates uniformly and at the right rate.. 
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Frothing pitchers are used to hold the heated and aerated  milk or cream that will be put into cappuccino or other espresso and milk drinks. The milk should be prepared before the espresso is pulled.  The steam wand  is placed in the milk and moved appropriately until the milk reaches 150-160 ºF and has a smooth velvety consistency.  It should not have any visible bubbles. 

In addition to the actual espresso making equipment there are many other pieces of technology in an espresso bar, some that may seem small or insignificant but which play a vital role in coordinating team behavior and ensuring reliable throughput.  Of greatest interest to us here are the cash machine, the cups, and the order display system.   It is natural to suppose the primary determinant of effectiveness and quality control has to do with how baristas handle the equipment actually involved in making espresso.  But we have observed that routines associated with order taking, and communication between team members are equally important for streamlining operations and keeping errors, stress and performance in line.  These methods differ considerably in Peet’s and Starbucks.   

Modern cash machines serve several functions in an espresso bar.  At a social level they allow the order taker to interact with the customer, offering suggestions, answering [image: image17.jpg]Rounded Concave
Tamper




questions, clarifying requests.  They store money, display price to the order taker on the inside screen, to the customer on a smaller outside screen, they compute change, and they print up a receipt.  At a coordination level cash machines record the customer’s order.  In the case of Peet’s the order contains all the details of the drink – including special requests such as extra froth,  lower or higher temperature,  ¾ full and so on.  At Peet’s this detailed request then appears on a monitor where the baristas work. At older Starbucks the level of detail is normally much lower, primarily about factors that effect price.  The order is relayed from order taker to barista by a code that is written by hand on the cup to be used for the drink.   At Starbucks drivethroughs and at certain newer Starbucks, the request detail is high and relayed on sticky labels that are printed up where the baristas prepare the drink, which in the case of drivethroughs is some distance away.  Cash machines also transmit time based ordering information for inventory control and marketing analysis and depending on software allow detailed analysis of local sales.

III. Basic Café Production

IV. Peet’s

IV. Starbuck’s

V. Discussion
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