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Three Dimensions of Expertise 
Harry Collins

Introduction

The following analysis has two sources.  The first is the sociological/philosophical analysis of expertise represented by the `Periodic Table of Expertises’ (Collins and Evans 2007).  The Periodic Table is at the heart of a program of research called `SEE’, which stands for `Studies of Expertise and Experience’.
  The second source is the attempt to meld the table with analyses of expertise more typical of psychology and philosophy.  Mike Gorman, Greg Feist, Evan Selinger and Dave Stone are to blame for the second part since they were responsible for putting together the meeting in Berkeley in August 2006 from which this initiative sprang.
  

The argument presented here is that traditional philosophical and psychological analyses are mainly concerned with, or at least emphasise, the development of expertise in individuals.  Doing some violence to psychology, which, after all, does look at group practices such as education, and perhaps doing a little less violence to philosophy, I am going to say that both disciplines treat expertise `one dimensionally’.  Typical of their results are `stage theories’.  The psychologist Chi (2006) says that individuals go through six stages of increasing sophistication as they become expert while the philosophers, Stuart and Hubert Dreyfus (1986), have a very influential `five stage model’ of the development of expertise.
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The Periodic Table of Expertises (Figure 1) must now be briefly introduced.  For the purposes at hand we need concentrate on only a couple of lines of the table.  The line labelled `Dispositions’, which describes certain individual abilities can be ignored for current purposes.    `Meta-expertises’ are expertises we use to judge other experts and that line can also be ignored along with `meta-credentials’, which are self explanatory.  The crucial lines for the current exercise are `Specialist Expertises’ and `Ubiquitous Expertises’.  

The underlying idea of the Periodic Table is that the acquisition of nearly every expertise, if not all of them, depends on the acquisition of the tacit knowledge pertaining to the expert domain in question.  Tacit knowledge can be acquired only by immersion in the society of those who already possess it.  Therefore, the process of moving to the right hand end of the Specialist Expertises line depends on becoming socially embedded in the appropriate groups of experts so that one can acquire `specialist tacit knowledge’ (as indicated in the grey heading).  The process is social though the outcome is real – an ability to do and understand things that one could not do and understand before.
The two right hand categories of the Specialist Expertise line indicate that there are two kinds of socialisation that can lead to two kinds of specialist expertise.  The rightmost category – contributory expertise – is what is normally thought of as an expertise and it is the practical expertise that enables one to contribute to a domain of practice.  To acquire contributory expertise one must work within the expert domain.  Interactional expertise, on the other hand, can be acquired by deep immersion in the linguistic discourse of the domain alone.  At first thought of as a kind of subsidiary expertise, interactional expertise is now seen, at least by some such as the author, as more and more the essence of human collective practices and social life in general.  For example, it has been argued that without interactional expertise we would all live isolated lives, our understanding bounded by just those things we had practised ourselves in the way that a Chihuahua knows nothing, and can know nothing, of the practical world of the foxhound or sheepdog.  It follows that we would be unable to cooperate and build common understandings and there would be no possibility of a sophisticated division of labour anywhere in society.  Animals have little in the way of division of labour because they do not have the language-based understanding of each others’ discrete practical competences that is needed.  Furthermore, it has also been argued that, for humans, by far the larger part of acquiring even a practical, contributory, expertise, is the acquisition of interactional expertise because the language of an expert domain provides the meaning of those narrow physical practices – our specialties – which we contribute to the domain as a whole.
  Whether any of this is true or not, it remains true that one can acquire neither interactional nor contributory expertise without prolonged social contact with the specialists.
The three leftmost categories of the specialist line are different.  They are not really specialist expertises at all but examples of specialist knowledge (`information’ would have been better).  This is because they are acquired through reading or the like without contact with specialists.  What happens in the left hand categories is the acquisition of some `explicit knowledge’.  But, as Polanyi puts it: ` … all knowledge is either tacit or rooted in tacit knowledge. A wholly explicit knowledge is unthinkable.’
 Thus, as the grey heading indicates, to acquire explicit knowledge one needs `ubiquitous tacit knowledge’.  Ubiquitous tacit knowledge is all the things we come to learn as we become members of our native society.  Ubiquitous expertises include how close to others to walk on a sidewalk, when to talk and when to shout, how to dress, and so on and so on but, more germane for the purposes at hand, they include fluency in our native language, literacy, knowing what books and other written sources are, and how they are to obtained and used.  It is these latter examples of ubiquitous expertise that enables one to attain the three leftmost kinds of specialist knowledge.  The first kind can be acquired by reading things like beer-mats in pubs and the resulting knowledge isn’t much use except for playing `Trivial Pursuit’ and the like; the second kinds comes from reading popular science books and articles; the third kind comes from struggling through original research papers or textbooks, or perhaps from technical material found on the internet.  In Collins and Evans 2007 it is argued that even the third of these can be very misleading and is not to be compared with the real specialist expertises that can only be acquired from immersion in the society of specialists.
From line to space
That brief description of the periodic table is sufficient to bring out the two dimensions that, it is argued, should be added to the standard psychological and philosophical approach.  These are: (a) degree of exposure to tacit knowledge – the more exposure the more potential expertise – and (b) what may or may not be a neologism, the `esotericity’ of the expertise.  While traditional analyses take the word `expert’ to refer only to rare, high-level, specialists, SEE considers that ordinary language-speaking, literacy and the like exhibit a high degree of expertise even though everyone has them– they are ubiquitous.  This is, perhaps, one of the most radical contributions of SEE to the analysis of expertise as indicated by the initial strong opposition to the idea of `ubiquitous expertise’ from philosophers and psychologists.  Part of the task of this paper will be to try to make it obvious that the idea of ubiquitous expertise is a necessity if we are to avoid confusion.
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Figure 2: Expertise-Space Diagram
The three-dimensional model, which will be referred to as the `Expertise-Space Diagram’, is shown in Figure 2.
  In the figure, the depth dimension is what used to be the (mostly) single-dimensional model of expertise but now refers to groups and domains as well as individuals.  The horizontal dimension is the extent of exposure to tacit knowledge, once more, referring to either groups or individuals, depending on how the diagram is used.  The vertical dimension is the extent to which the domain is esoteric with ubiquitous domains, such language-speaking or literacy at the bottom and things like gravitational wave physics at the top.  

A `domain’ is to be understood as consisting of the individuals within it rather than by reference to the topic.  Thus the domain of gravitational wave physicists extends to all those who have significant social contact with the professional world of gravitational wave physicists but not those who know something about the topic from their reading.
  When I am reading a book on gravitational wave physics I am not, by that fact, in the domain of gravitational physics.  If I have no social contact with gravitational wave physicists but am reading such a book I am in the domain of either `popular understanding’ of gravitational wave physics or `primary source knowledge’ depending on what sort of book it is.  These domains are found in the middling regions of the vertical dimension.  With the three dimensions in mind we now have an `expertise space’ instead of an `expertise line’.  All three scales run from zero at the origin so that, for example, instead of asking whether this or that person is an expert in such and such, one asks for their degree of expertise and one possible answer is `zero’.

Putting the Space diagram to use: Mode 1 – Surfaces 

The ESD encompasses psychology and philosophy but may shed new light on some of their conclusions.  For example, some existing analyses may appear more narrowly focussed than had been thought and some claims or assumptions – for example that a one-dimensional analysis exhausts the domain of expertise in general – will be seen to be incorrect.  Furthermore, simply making use of the ESD seems to transform or make redundant certain previously fixed ideas about the notion of expertise.
Consider for example the idea that experts are necessarily rare people – unusual individuals who have self-consciously devoted many hours of their lives to gaining a special ability.  It is certainly true that this is how the term `expert’ is regularly used in many societies but, in so far as we want to understand and analyse expertise, the ESD seems to suggest that the common use prevents clear thinking.  Once it was believed that burning could be fully understood by what appeared to be going on: the expulsion of one substance from another.  But weigh the burned material and it turns out to be heavier than before and this did not make sense without new ways of thinking about it.  The idea that the only experts are rare individuals seems like the same of kind of mistake as was once made in the case of burning.  Putting the matter in terms of the ESD may help to show why.
Gravitational wave physics

Figure 3 shows one of at least three ways in which the ESD can be used.  The dark `surface’ shown on the leftmost version of Figure 3 represents a domain such as gravitational wave (GW) physics which is located at the top level of the space because it is highly esoteric.  It takes on its strange shape for the following reasons.  At the left front corner are located novices newly entering the field – they have minimal accomplishments in the domain and have had little exposure to its tacit knowledge but they are in the domain because they have social contact with its practitioners.  As they learn, and their exposure to tacit knowledge builds, they will move toward the right and sooner or later they will become maximally competent or a little less than maximally competent – hence there is some depth to the surface at the right hand edge.  
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Figure 3: An esoteric domain
The back left hand corner is empty because it is impossible to be competent in GW physics without exposure to the tacit knowledge so while the back boundary of the dark surface may not be the straight line that has been drawn, there will certainly be no-one found on the back edge who is not also on the right edge.  This empty space is called the `epistemological void’ and will always be found where tacit knowledge is integral to an expertise.  The more a formal component is important to an expertise the more the line that links the front left hand corner and the back right hand corner, and comprises the rear bound of the expertise surface, will curve toward the back line – because competence can increase by gaining formal knowledge as well as tacit knowledge so you can move back a bit without always moving rightwards.  This is illustrated in the rightmost version of Figure 3.

The front right hand empty space, called the `sociological void’, is there because if one has some exposure to the tacit knowledge of the domain but fails to make progress one is likely to be expelled from the community of those who have it.
  
Car-driving

Figure 4 shows the domain of car-driving in a modern developed society.  It is not quite on the floor of the diagram because not everyone can drive a car, but it is near the bottom.  The car-driving surface has the same shape as the GW domain surface for the same reasons.   (Thus, though it is stretching the point a little, if you cannot pass your test you are eventually excluded from the community of drivers and hence there is a sociological void.)  
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Figure 4: A near ubiquitous domain
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Figure 5: Historic or location change in car-driving
Figure 5 shows car-driving once more but includes a middle level which could represent either car-driving at the beginning of the Twentieth Century or car-driving in some rural location in a developing society.  In either case driving would be thought of as the domain of specialists.  This demonstrates the confusion that is caused by insisting that experts can only be found in esoteric domains.  Car-driving is a ubiquitous domain but if one insists that, by that fact, it cannot really be an expertise then pretty well the same activity must have been an expertise at one time and not at another or must be an expertise at one place and not another.  The top level of Figure 5 shows racing-car driving, the position of which will not change over time or place – it is always esoteric.

Computer use

A still more striking example of a historical change, which has happened in the lifetime of some us, is ability to use a computer.  Not so long ago this was the preserve of a small elite -- now young school children have it.  Changing technology may have been the driver of this trend up to about the late 1970s but since the introduction of desk computers it has been much more about the changing `idea’ of what a computer is.  Thus, I began to word process in around 1980 on a Tandy TRS 80 model II, with an 8 inch floppy disk, when there was only one in the entire School of Humanities and Social Sciences at Bath University, and I was thought to be pretty smart because I was one of only two people who could use it – the other being the statistical economist who had ordered it.  Later, becoming Head of the School, I introduced word processors to the administrative staff who resisted, saying that computers could be used only by clever people such as academics and not by them.  I argued that within a few months they would be the experts on word processing and the academic staff would be coming to them for lessons – and so it turned out.
Natural language and foreign language
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Figure 6: Language and location
Figure 6 makes the point about changing location in a still more striking way.
  The bottom shape represents the natural language spoken in a society and is about as ubiquitous as anything can be.  This time the sociological void has disappeared because even those who cannot master language tend not to be excluded from language using communities.  The dark shape above, however, represents the very same language but spoken fluently in a foreign country.  This renders the person an expert, able to command a salary and honour as a result of possessing an esoteric ability.  Here there is a sociological void – in the long term, you can’t associate much with foreign language speakers if you cannot speak the language.  Once more, if one cannot accept that the light grey surface represents an expertise then the very same ability undergoes a transmutation as soon as someone travels from their native country to a foreign country.  This feels like a very bad basis for a coherent understanding of expertise.

Figures 5 and 6 seem to make it obvious that there must be ubiquitous expertises and that to deny it invites confusion and confounded analysis.  It has certainly caused trouble in the past, for example when we were told over and over again that natural language speaking computers would be with us in a year or two.  The `boosters’ believed that because natural language speaking was something that anyone could do – `even little children can speak’ – it must be easy.  It is, of course, very far from easy and natural language handling computers are as far away as ever.

Of course, it just might be that there really is a difference between `the same’ activity when it is a ubiquitous expertise and when it is not.  It is certainly the case that the experience of learning a second language is not the same as learning a first language so that even if the end point is fluency in both the apparent similarity may mask a deep and interesting difference.  It may even be that speaking ones native language in a foreign land is a different activity from speaking one’s native language in one’s own land in some not obvious way.  It may be that ordinary car-driving when acquired as an esoteric skill, as in, some rural part of a developing country, is by that fact different from ordinary car-driving when acquired as an everyday skill, and so on.  But the advantage of the ESD is that invites this kind of question.  Furthermore, it insists, if a diagrammatic convention can `insist’, that the default position is that the same expertise is the same expertise when esoteric at one time or place and ubiquitous at another time and place, so that any differences have to be understood, argued for, and justified.  Under the old `all expertise is esoteric’ fiat, the question would never be asked leave alone researched.  
Space diagram Mode 2 – Levels
Car-driving revisited
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Figure 7: Levels of esotericity in one activity
Figure 7 also represents car-driving but in a different way.  Figure 5 represented historical changes in the perceived degree of expertise involved in car-driving and the continued esoteric position of racing-car driving.  Figure 7 takes car driving as the activity and implies a progression through discrete levels (hence the broken line) from ordinary car-driving at the bottom to racing car driving at the top.  How to represent driving is purely a matter of two different conventions: Figure  5 treats racing-car driving as discontinuous with street driving – a different activity; Figure 7 treats them as instances of the same thing – driving.
  It treats the gaining of lots of experience of driving in different countries, practising controlled skids and handbrake turns, rally-driving, go-karting, Formula Ford, Formulas 3, 2, and 1, and so forth as also instances of the same thing, and imagines them arranged on a line representing some kind of ordered sequence.  The steadily decreasing numbers of drivers involved at each level is indicated by the vertical movement while the left-right diagonal movement indicates the extra tacit knowledge that must be acquired as one goes upwards, culminating with the racing driver.  There is not absolute right or wrong about it, the choice of Figure 5 or Figure 7 depends on the analytical purpose at hand.

It may be that some drivers progress through all or many of these stages in a driving career.  In that case the `trajectory’ (see Figures 10 and 11) from street driver to racing driver might well follow the path of the broken line.  It is important to notice that, as intimated in note 10, progression through the Dreyfus 5-stage model of skill acquisition would already have been completed for street-driving at the lowest level.  It could be said to re-apply all over again for racing-driving or any of the other levels but this is better handled by thinking in terms of different activities as represented by the surfaces of Figure 5.
Expertise without tacit knowledge
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Figure 8: Expertise (or is it information?) without tacit knowledge
Figure 8 shows the pattern of an expertise that, at the highest level, does not depend on tacit knowledge.  As explained above, in such cases individual or group competence can be high even though little tacit knowledge has been acquired so the `epistemological void’ may be occupied.  Figure 8 is meant to represent the relationship between ordinary performance in arithmetical or memory tasks typical of the general population progressing upward through increasing development of skills, including the associated tacit knowledge, as far as the abilities of  stage performers such as `Mr Memory’ and the like.  Then the line jerks left to represent the prodigious feats of autistic savants.  Savants appear to manage the extraordinary performances in the absence of tacit knowledge, at least, in the absence of collective tacit knowledge, which absence appears to be a principal feature of their special way of being in the world.  Unlike the case of car-driving, there is no individual `trajectory’ along this line.  Those who achieve the upper level and those who achieve the lower level are not the same people but two groups doing different kinds of things.  

Chess and artificial intelligence
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Figure 9: Chess (and artificial intelligence)
Figure 9 suggests ways in which chess might be represented in expertise space.  We, or at least, I, do not know what it takes to become a grand master (found at the top of the diagram) in terms of the relative importance of formal knowledge/somatic tacit knowledge acquired through long practice at the board, the study of past games etc, as opposed to engagement with the community of grand masters and immersion in their society such as would facilitate the transfer of their collective tacit knowledge.
  If the latter is not important then the left hand broken line would represent the levels of chess; if it is vital, then it would be the right hand line.  Since it is the case that nearly all individual grand masters have progressed through the levels these two broken lines might also be represented as `trajectories’.  

The difference between the two end points could be represented with a grand master `chess surface’ – in the left-hand case the rear boundary would curve backwards more than it would in the right hand case.

Chess, of course, has long featured in the `artificial intelligence debate’.  The only sound conclusion emerging from decades of argument is that chess as played by humans is different to chess as played by machines.  Both depend on simplifying heuristics and calculation of possibilities looking a few moves ahead but in the case of the machines the ratio of the two is heavily skewed toward the calculation end – machines can look further ahead because of their calculating power.  It has turned out that a heavy emphasis on calculating ahead wins against the human emphasis on heuristics, though it took a long time to prove it.  Computer chess is represented by the solid grey line parallel with the top left hand corner of the space.  It is located above the maximally esoteric plain because there are no humans who can play computer-style chess, and it is located outside the left hand side of minimal tacit knowledge wall because machines cannot possess tacit knowledge.
  There is a sense in which this line should not be located in the same diagram as human chess players because it does not play human chess, but if we define success at playing as signified by winning, as opposed to winning by human methods, then the best modern chess machines are better than all humans though earlier ones were not.  Hence the chess line starts part of the way along the accomplishment dimension and extends beyond the back wall.  All known artificial intelligences would fit in roughly the same location in expertise space.
Space diagram Mode 3 – Trajectories and locations

Education

Figure 10 shows how the ESD can be used to represent the trajectories or locations of individuals or groups – block arrows are used.  In this case the example is the attempt to provide an educational trajectory for groups of students under four kinds of regime.  
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Figure 10: Educational trajectories
The left hand diagram shows kindergarten and subsequent early education.  This is largely a matter of socialisation into a large subset of the ubiquitous expertises – teaching the tacit knowledge of simple transactions, the idea of books, basic literacy, how to operate in groups, manners, when to speak in the classroom and when not to, and so forth. The right hand figure is meant to illustrate three aspects of university education.  
The leftmost line of the right-hand figure represents the kind of undergraduate education that is informed by the same basic philosophy as distance learning – that is, that education at that level is largely a matter of absorbing facts and formulae that could be as well delivered via the internet as via the classroom.  Note its broad similarity in end-point, or at least aspiration, to that of the autistic savants represented in Figure 8!
The middle line is meant to represent a more traditional university regime which is heavily classroom and tutorial based and is designed to include an element of socialisation into ways of thinking associated with a discipline, brought about by close contact with those at the research front.  Here, a little more in the way of tacit knowledge pertaining to the domain is intended to be transferred.  

The rightmost line is meant to represent the PhD, beginning roughly where traditional university education ended but involving more exposure to a richer socialisation process.  Perhaps these kinds of figures could be used in thinking about new developments in education.  Is it possible, for example, to enhance the socialisation process without extending the duration of the degree?
  The diagram should discourage short-cuts which inadvertently concentrate on delivery of infor#mation as opposed to tacit knowledge. 
Individual progression and location
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Figure 11: Trajectories and locations of individuals
Figure 11 ties back to the surfaces mode of using the ESD rather than the levels mode.  The white block arrows map Collins’s trajectory in respect of gravitational wave physics.  He began in 1972 at point A.  He found himself at A as a result of reading an article about gravitational wave research in New Scientist.  Point A represents weak accomplishment in `popular understanding’ (see Periodic Table of Expertises).  The plain on which point A is located represents popular understanding.  The grey box indicates that there is no possibility of rightward extension into tacit knowledge in the surfaces representation (the box should really be flattened against the left hand wall).  Primary source knowledge would be represented by a plain a little way above because it is a little more esoteric.  Of course, even popular understanding of GW physics is well up the Esotericity axis.  
Shortly after this, Collins began interviewing gravitational wave physicists as represented by an immediate progression to the front left hand corner of the top plain – the achievement of the novice corner of the GW physics surface as shown in Figure 3.  Thereafter, a deepening immersion in the domain over decades (a move to the right) was associated with ever deepening grasp of the expertise until, at point B, he was able to pass an Imitation Game test in GW physics (Collins and Evans 2007, Giles 2006).  
Compare Evans, who, being compelled by good manners to read, over the years, his colleague’s many publications on GW physics, gained something close to a maximal popular understanding of the subject (point C) but, as Imitation Game tests showed, none of the tacit knowledge (he failed comprehensively).  Point D, of course, represents someone with no knowledge of the subject, while point F represents a manager of the big science project and point G someone with as much interactional expertise as the manager but with some contributory expertise in addition.  

In respect of the theory of amorphous semi-conductors Collins began somewhere like point D and jumped immediately to the top front left hand corner.  In other words, since there are no sources from which one can gain a popular understanding of the theory of amorphous semi-conductors and Collins could make nothing of the primary source literature, Collins had to go straight into the interviews.  (To save clutter, the vertical arrow that would represent this full length vertical jump is not shown).  But Collins could not understand the field – he never grasped what the scientists were talking about even after 13 hours on interviews (Collins 2004b).  This is shown by the slim grey block arrow: he had significant exposure to the tacit knowledge but still made no progress in terms of the depth dimension and eventually had to stop and detach himself from the domain.
Perhaps this example could encourage ethnographic and anthropological fieldworkers to use the diagram to clarify their own locations, or aspirations, at various stages of their research.
The ESD and cooperation between the disciplines

The space diagram, it has to be admitted, was originally conceived as a way of showing psychologists that the way they analysed expertise was radically different to the way it was analysed under SEE: `You are on the depth axis, we are interested only in the front face’.  Working with the diagram soon revealed, however, that the best kind of analysis combined all three axes.  One does not have to use the ESD to see that it is useful and that it is especially useful because it is a space rather than a surface or a line.  The ways of using the ESD set out here – the surfaces, levels and trajectories – may not be the best ones, or there may be additional ones and the examples might not be the most revealing, but none of this may matter.  The uses of the ESD as presented above have been primarily intended to establish that it is coherent and meaningful, on the principle that if one is in doubt about meanings one should try some uses and if there are uses there must be meanings.  It is far from necessary that everyone interested in expertise works with the diagram.  On the whole diagrams are anathema to philosophers, who prefer words, diagrams like this are anathema to psychologists, who prefer numbers on their axes, and they are anathema to contemporary sociologists, who are deeply suspicious of anything that smacks of `scientism’, as they see it.  There may be few, then, who will ever use the ESD `in anger’.  Nevertheless, the diagram can still be valuable as a continual reminder that the analysis of expertise must be three dimensional and that the idea of expertise is not exhausted by exploring individual development.  The investigation of expertise might proceed through joint introspection or through measurements of performance but whatever the preferred method the location of the expertise in three dimensions needs to be borne in mind if we are to understand the reach of the conclusions.  The ESD can also be used to ask new questions, set new research agendas, and position different disciplines’ contributions to the expertise problem in respect of one another.  One hopes, of course, that at least some analysts may use it in a more direct way.  
It will remain that the disciplines will still spend much of their time working in their own ways.  Figure 12 is a `Venn diagram’ of a set of overlapping disciplines trying to do joint work.  The disciplines will always do some work which belongs in the `lobes’ and some which belongs in the core.  Some work will be located at the `intersections’ between a subset of disciplines rather than the common core.  Here I take the common core to be understanding knowledge and expertise.  I will finish by setting out some interdisciplinary questions that have occurred to me.
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Figure 12: Interdisciplinarity: Core and lobes

Questions about language and literacy

Quite a bit must already be known about the sheer number of hours of exposure to a native language required for a child to reach a reasonable level of fluency.  I seem to recall that Chomsky based his criticism of Skinner’s behaviorist model on language, and based his subsequent innateness thesis, on the fact that there was insufficient exposure to allow grammar to be acquired.  If we know what length of exposure is needed we could compare the figure with that needed to acquire a range of esoteric expertises.  Similar questions, and similar data, must pertain to the acquisition of literacy and, perhaps, other ubiquitous abilities.  Knowing the results of work in these areas must shed further light on the ubiquitous-versus-esoteric debate.  

The same goes for the existing knowledge of the difference between learning first languages and learning second languages.  The first is acquisition of a ubiquitous expertise, the second is acquisition of an esoteric expertise.  The results must increase our understanding of expertise space.  They might help us start to think about whether the vertical axis is smooth or if there are analytically vital meaningful discontinuities along it.  

Methodological interactionalism and educational practices

As explained, Studies of Expertise and Experience (SEE) emphasizes more and more that language has a central role in learning even in the case of practical expertises.  The most extreme expression of this is a rule of thumb called `methodological interactionalism’ (Collins 2010b).  Methodological interactionalism posits that the study of the acquisition of practical expertise should work on the initial assumption that it is entirely a matter of language.  Thus, while we know that practical expertises are acquired much more rapidly through engaging with them in a practical way, methodological interactionalism would insist that one starts by assuming that this is because engaging with some practical expertise in a practical way is the best way to maximize the time one spends in discourse with other practitioners – practicing automatically maximizes the hours spent in co-location, and therefore relevant discourse.  That is almost certainly not the whole story but if forces one to justify the specific role of physical practice rather than simply assuming at the outset that learning a practice is all about practicing.  
The study of different educational practices and styles of apprenticeship must bear on the relative role of language and physical practice.  For example, I am told that certain Japanese pottery apprentices are never spoken to by their masters (they have to `steal’ their secrets).  It would be interesting to compare apprenticeship regimes in which talk is central feature and those in which it is not.  Does the absence of talk slow the apprenticeship process and would the introduction of talk to an otherwise silent regime speed it up?  
Expertise acquisition as a propensity

A question that seems to overlap the concerns of psychology and sociology (and is of passing interest to SEE) is whether certain groups can be socialized into a propensity for rapid expertise acquisition.  For instance, it seems that Jews, as a result of early Talmudic training, have a propensity for scholarship – they learn a tacit understanding of scholarly debate at an early age.  It may also be that diasporas in general have a propensity toward acquiring new skills, being less bound by tradition.  

Acquiring different kinds of tacit knowledge

More narrow questions that are of strong interest to SEE have to with the relative roles of language and practice in the acquisition of different kinds of tacit knowledge.  For example, is language much less central to the acquisition of the somatic tacit knowledge required to balance on a bicycle than to the collective tacit knowledge of riding in traffic.  Detailed investigations of the acquisition of these different kinds of tacit knowledge, which psychologists are best equipped to carry out, and which focuses on the relative role of language and physical practice, would be fascinating.

Philosophical perspectives

Turning to philosophy, the major texts structure our view of expertise.  Without `conceptual spectacles’, as it were, we would see no order in the world but there is a tendency in philosophy to switch from focusing on the world through the spectacles to focusing on the spectacles themselves.  Detailed examination of the major texts belongs in the lobes, examining the world through the texts is the core activity.  The difference is quite marked in the way points are justified: if looking at the spectacles the justification will be `major philosopher `X’ says such and such’; if looking through the spectacles the justification will be `look around and you’ll see this example’.
  It should also be noted that our understanding of the world has advanced hugely since the 1970s as a result of detailed studies of scientific knowledge-making and the new questions that have been posed by artificial intelligence so it may be that you can’t see everything through some of the older spectacles.  

The notion of a `private expertise’ 

One kind of question that seems very much in the SEE/philosophy overlap is the extent to which the idea of expertise is bound to the idea of language.  Can there be a private expertise?  For example, if I become extremely skilled at some private activity such as clicking my big toes together and I do not tell anyone about it, is that an expertise?  Is lying in bed in the morning, which does not have a literature or a discourse, an expertise?  Also immanent in the text is the question of whether expertises which belong in the top back left hand corner of the ESD – those which are based largely on information – are really expertises at all.  
Ubiquitous expertises such as ethics and sociological understanding

Then there are questions to do with whether certain expertises are ubiquitous or esoteric.  In Cardiff we have had interesting debates about whether ethical understanding is ubiquitous or specialist.  On the one hand we expect everyone to be their own moral expert and that is why it is felt proper to lock people up when they break the code and call them psychopaths when they do not grasp it.  On the other hand, one can be a professor of ethics – an esoteric profession.  What is the relationship between the two and how might each in turn relate to the concept of phronesis?  This, of course, is just an example of the many expertises that might be counted as esoteric or ubiquitous.  Another one is sociological understanding which, according to the ethonomethodologists, is quintessentially ubiquitous.

The distinction between interactional and contributory

There is a sort of question which is specific to the idea of interactional expertise and its relationship to contributory expertise.  From the beginning SEE has been troubled by questions such whether the distinction between contributory and interactional holds in the case of various activities such as literary analysis where the contributory part of it appears to be interactional.  Likewise we might ask what is contributory and what is interactional in mathematics and other domains in which it is not so clear where the boundary between physical practice and linguistic practice should be drawn.
Summary and final remarks
The argument put forward here is that a much richer and much more interdisciplinary approach to expertise is possible if expertise is treated as three-dimensional rather than one-dimensional.  An attempt has been made to show how a three-dimensional model would operate.  All this has been worked out in a matter of a few weeks, the initial foray being intended to show how different the disciplines are rather than to show how they can be melded together.  Perhaps the fact that the internal logic of the exercise pushed it toward interdisciplinarity is telling us something important.  
On the grandest scale, the conception of expertise immanent in the arguments above seems different to what has gone before.  Many studies of expertise take to be something that is coextensive with personal development and can only be studied through personal accounts.  Here, on the other hand, expertise is treated as `stuff’ rather than process.   You can have an expertise or not have it and it can be passed between people, sometimes in the form of the explicit and sometimes the tacit – like red and white blood corpuscles.  When it passes, the recipient can do something new or can understand something new.   Thinking in terms of expertise-stuff allows for a certain freedom: of course we are bound to remain interested in accounts of how the stuff was transferred – the accounts of those who have acquired an esoteric skill but also the accounts of anthropologists and other `participant comprehenders’ who have acquired a strange people’s native expertise.  And it allows us to be interested in the expertise-stuff of natives in our own society who cannot provide accounts of its acquisition because it all happened when they were too young and too unreflective.  It allows us to ask whether cats and dogs and machines, from which we can obtain no accounts, have expertise-stuff in the same sense as humans.  It might seem that they have because they sometimes do the same things as humans can, such as hunt or calculate.  But then we have to ask whether their expertise stuff is the same as ours or do have different `blood groups’.  As intimated, I am sure that machines do have different stuff even if they appear to be able to do some of the things we do and I think the best way to think animals is about them having a different blood group and there is certainly no possibility of blood transfusion between animals because they do not have language.
  Doubtless, what has been set out in this paper merely scrapes the surface of the possibilities.  
A note on the references 
The short reference list that follows is embarrassingly dependent on my own works.  This is partly because I am a terrible scholar, partly because the gravitational wave books are mentioned to warrant the emphasis on that particular example, and partly because my books and co-authored books on expertise, actions, and tacit knowledge respectively draw together many scattered papers and debates and by referring to them I can keep the reference list short.

SEE can be largely understood by getting the gist from three books: Collins and Evans, 2007, argues that expertise should be understood in a realist manner, introduces the idea of interactional expertise and the `Imitation Game’, and sets out the Periodic Table of Expertises claiming that it is exhaustive; Collins and Kusch, 1998,  argues that actions are divided into two types, polimorphic and mimeomorphic and that what intelligent machines do is mimic mimeomorphic actions but they cannot mimic polimorphic actions – which are, as I would say nowadays, the preserve of collective tacit knowledge; Collins, 2010a, argues that there are three types of tacit knowledge, relational, somatic and collective, only collective being truly intractable.  
In addition, Collins 2010b is a paper that takes the idea of interactional expertise further, arguing that language is more important than practice even in the acquisition of practical expertises while Collins (ed) 2007 is a collection of papers, those on management and on interdisciplinarity being specially useful for understanding the roles of interactional expertise.

Collins 2004b goes along with Figure 11 and describes Collins disparate fieldwork experiences in respect of gravitational waves and the theory of amorphous semiconductors.
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Figure 1: The Periodic Table of Expertises
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� References to work pertaining to SEE  will be found throughout this text.


� This workshop was held on the Berkeley campus on 8-9 August 2010, overlapping with the annual meeting of the International Society for Psychology of Science and Technology (which ran over the previous two days).  This paper is version of my presentation to that meeting though it has been much amended in the light of what transpired over the next two or three days.  I am indebted to the lively critical discussions which, by the end of the meeting, had taken on a constructive and genuinely interdisciplinary flavour.  I am especially grateful to Greg Feist for critical comments and Rob Evans for positive input, especially to the Expertise-space diagrams which contain a number of his ideas.


� Thanks to Greg Feist for the reference to Chi


� For the latest and most radical version of this position see Collins 2010a


� Grene 1969, p 144


� I originally called it the `Expertise Phase Diagram’ as it was inspired by chemical phase diagrams that I remember from (high) school.  The idea of phases suggests sudden transitions.  The existing analysis of expertise is, of course, filled with such discontinuities.  There are the stage theories that have already been mentioned.  There are the discontinuities in child development discussed by Shrager.  There is a lingering notion that, stages aside, something special happens as you move up the vertical axis.  There is the discontinuity between mimeomorphic and polimorphic actions (Collins and Kusch,1998) and the difference between Relational, Somatic and Collective tacit knowledge (Collins, 2010).  The difference between interactional and contributory expertise is central (with what Ribeiro calls, `physical contiguity’ located in-between) and the entire Periodic Table of Expertises is full of classes and therefore discontinuities.  Also the Imitation Game idea (Collins and Evans, 2007) has some sense of discontinuity about it when we speak, in certain special circumstances, of people `passing’ or `failing’.  There is, therefore, too much to represent on the diagram and it seems better to think of all three axes as continuous.  It may be that the table is seriously flawed in not recognising some important discontinuities at the outset.  But to move from this default position and establish that some unrepresented boundary has vital analytical significance and/or renders the table incoherent requires argument and justification.


� Gravitational wave physics is regularly used as an example since the author of this paper has spent nearly 40 years immersed in the field on and off.  See for example, Collins 2004a, 2011.


� For those who might like to work with these surfaces but don’t know how draw them, go to `autoshapes’, `lines’, and then choose the closed irregular loop.  Click on a point in the original figure then go the next point and click again.  Go from point to point until the loop is closed and then double-click.  This creates a straight-edged figure that can be coloured, shaded, etc.  Right click within this figure (usually once but sometimes one seems to need to do it twice), and choose `edit points’.  The corners of the figure can then be dragged into the exactly right places so as to fine-tune the shape.  Clicking anywhere on a straight edge generates a new `point’ which can be dragged to create a more complicated shape.  The same method is used to create areas of shading (choose `no lines’) that are used to fill existing features such as the domain `floors’.


� Rob Evans worked out the meaning of the two voids.


� It is surely worth recounting that at the Berkeley meeting one delegate insisted that only esoteric expertises counted as expertises and that car-driving was not one of them.  He insisted that the Dreyfuses’ analysis (Dreyfus and Dreyfus 1986) showed this clearly.  Bert Dreyfus, however, attended the workshop on the crucial morning and, as when Woody Allen brought Marshall McLuhan to the cinema queue, Dreyfus was able to deny in person that he thought it might be better to think of ubiquitous expertises as expertises proper and that car-driving was certainly a case in point and had been treated as such in his own works.


� The language point is also made in Collins and Evans 2007, p3.


� See Collins and Kusch 1998 and Collins 2010a for more extended discussions of why this is so.


� If I was forced to choose between the two I would say that driving a Formula 1 car is a completely different activity to street driving.


� For an explanation of these kinds of tacit knowledge see Collins 2010a.


� For the argument see Collins and Kusch 1998 and Collins 2010.


� Tom Seager, Dave Stone and Evan Selinger are all involved in thinking along these lines.


� Anything that involves `loyalty’ to a philosophical cannon belongs, at best, in the lobes.  Loyalty is best treated with suspicion.  Misplaced loyalty to methods and perspectives has damaged sociology and, I suspect, it has damaged psychology.  What matters is what works.


� In Collins 2010a it is argued that animals should not be said to have tacit knowledge because they do not have explicit knowledge and the idea of the former makes sense only when it is in tension with the later; were this not so then a sieve would have to be said to have the tacit knowledge of how to sort stones and a tree of how to grow leaves.
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