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Abstract
In this paper I formulate a new, integrated theory of learning and show how it plays itself out in three distinct learning ecologies: the ethno-obstetric practices of Yucatec Maya village midwives, the operations room of a U.S. airline where ground operations are coordinated, and a set of global industrial factories where silicon wafers are processed into computer chips. I do this in order to argue that since time immemorial, consistently and continuously, two kinds of knowledge and skill acquisition have existed that are exercised to varying degrees in those settings in a constant process of mutual adjustment, suggesting that they have co-existed with different kinds of balance and legitimization throughout history and across societies. I provide evidence that the ancient, experiential, immersion-based kind of learning is massively present in high-tech industrial workplaces, and suggest that it will be increasingly useful and recognized as valuable as the world moves into the digital age.
1. Intimations from Evolution and Prehistory

You can take the human out of the Stone Age but not the Stone Age out of the human.
The crux of this integrated theory is that at least for the last 30,000 years (since the time when we have secure evidence of Homo sapiens, the type of humans that supplanted Neanderthal people) there has always existed the possibility of learning in two ways: the first is learning by physical co-presence, by immersion in the scene, by observation, imitation, trial, and experiment, slowly building up a set of skills that are in deep ways permanent because they are physically, bodily inculcated (cf. Boinski et al. 2001; de Waal 2009). As they are re-enacted and reproduced they provide a fundamental resource for generations to come as they encounter similar situations.

The second way of learning is based on what I call logocentric learning (Stahl 2002)
. At the latest with the rise of the ability to symbolize (and we might see this as occurring with the emergence of language or writing or in earlier forms of symbolizing) there has appeared another way of learning that depends on representations, whereby knowledge could become independent of the individuals who produced it. We see clear-cut appearance of that in the cave paintings of Cro-Magnon, where the sketches of animals and other powerful beings transmit information we consider mythical, though with our limited knowledge of that world this may have been real-world information to a larger extent than we assume. We have no idea of the richness of those representations since most of them were created on eminently perishable substrates, scratched into wood, woven into basketry, painted onto cave walls, and later incised into pottery and other artifacts.
To appreciate how pervasive and important the experiential mode of skill and knowledge acquisition continues to be, we need only consider that most of what we know to do, including the acquisition of lan​guage and the skills of daily living, depends on our ability to observe and imitate what conspecifics do. Learning how to drive a car, how to give a lecture, how to behave at a cocktail party—for all of these activities the knowledge required to bring them off competently and unproblematically is acquired through a process based on behavioral matching. As we will see, even in corporate life most learned action sequences depend unavoidably on behavioral bodily and cognitive matching as well.

The ability to symbolize, and with that a second mode of learning emerged at some unknown point in the distant past. Some scholars argue that it was fairly recent, finding their evidence in the artifacts and representations Cro-Magnon people left about 30,000 years ago. Others assume that it happened much earlier, and was in fact present in Neanderthals and even earlier.
 Paleo-geneticists, working with DNA extracted from Neanderthal bones, have recently suggested that the split may have happened as early as 700 thousand years ago, making Neanderthals a separate species from modern humans (Noonan et al. 2006). Assuming that what we now see as evidence for symbolic capacity in Neanderthals was not due to a separate mutation, we are looking at a very ancient capacity indeed.

A footprint in the sand only indicates that somebody has walked here, but the ability to symbolize, to leave a physical record, conveys information that is not inherent in the physical medium. Symbols could become independent of their site of origin, transportable, and movable together with their meanings, as they adapted to new environments. Thus a new kind of knowledge transfer was introduced that was unknown to earlier humans.

This new symbolism, these ways of concretizing information in some physical substrate – be it birch bark, or clay tablets, or papyrus or sand on the beach - always remained embedded and moved within a social and material world, constantly modified, sometimes reaching high levels of complexity and abstraction, at the same time undergoing changes in meaning, in the way things were written, who was able to learn them and who would be entitled to actually apprehend them and use them.

For millennia, learning for humans was simply a part of growing up, of becoming a member of a community, of making a living by foraging, collecting, stalking, pursuing whatever resources their natural environments provided. About five to six thousand years ago, early writing systems appeared, pictograms based on symbols that represent something about the world out there. This was significant because writing added a new modality to human communication. These symbols could travel, could be transported, could leave the site of production, which is something experiential embodied learning has been unable to do since it remains tied to face-to-face exchanges and thus remains within the community of co-present participants.
 Their voices, their gestures, their pointings are evanescent, fleeting, and whatever they conveyed remains confined to the people who were physically there.

Thus, ever since the ability to symbolize emerged, two kinds of learning modes have been in co-existence. They are not two ends of a continuum with a transition point from one to the other, rather they run in parallel, continuously “talking” to each other, influencing each other, by now even necessary for each other, no matter where you look in the contemporary world.
In the long run, our ancestral ability to symbolize had long- and far-ranging effects that shape our current lifescapes and those to come. As people learned to domesticate plants and animals, generating a food surplus (a situation very different from the earlier egalitarian hand-to-mouth economies) the population increased and face-to-face communication could no longer satisfy the needs of such populations. Highly variable, complex symbol systems became more standardized and writing systems developed in several parts of the world. Access, exposure and expertise became differentiated. In the symbolic logocentric system, who was entitled and able to read the scratches on the wall, the quipus (in Inca society), the hieroglyphs (on Maya stelae) made a difference, and access to the conventions as well as the physical substrate became important and valuable, leading to (or at least co-developing with) emerging hierarchies. It was members of the Inca ruling class who were taught to read the quipu as part of their education in houses of teaching. They would eventually become members of the bureaucracy that kept accurate records of troops, supplies, population data, and agricultural inventories. In another example in Sumer, more than 5,000 years ago, clay tablet texts including personal letters, business transactions, receipts, lexical lists, texts on mathematics, astronomy, and medicine, as well as laws, magical incantations, hymns and prayers indicated a high degree of specialization, a kind of social organization quite different from the minimal division of labor that occurs in “face-to-face only” communities.
Writing permitted transmission of knowledge in “chunks”, discrete pieces of information that had the advantage of stability and uniformity. It allowed for the kind of standardization that was necessary not only for administering empires but also for the rise of true specialists, in teaching as well as in a variety of specialized crafts. It allowed sequestering certain kinds of knowledge, such as medicine, law and religion, to members of particular “guilds” who controlled access and by virtue of developing text-based doctrine guaranteed the stability and exclusivity of certain bodies of knowledge. It was at this time that the idea of a “high god” emerged out of the plethora of co-existing supernatural and magical entities, mirroring the changing social order. Writing down prayers and rituals ensured standardization, so that they would be practiced in a similar way each time (Sanderson and Roberts 2008). Thus the laws of Hammurabi and the commandments of Moses promote texts as a source of guaranteed truths, a legacy that, as we will see, is alive and well in corporate knowledge transfer in the modern world as well.

We now have three million years behind us during which our cognitive, sensory, and social abilities and predilections were shaped. Capabilities and functionalities that have a long history, that are ancient in human behavior, make some things easy for us to learn and some things difficult. We are good at meaning making through pattern recognition, learning by observation, co-experiencing with others. The fact that we are spatial creatures with stereoscopic vision makes us good at attending to multiple tasks in a multi-media, three-dimensional space. The most significant piece of our evolutionary heritage is, however, the fact that we are fundamentally and without escape social animals. Our sociality is hard-wired into us. We are born with the need to connect to others. Even well-cared-for newborns die without human contact. That we are social creatures, that we learn best by co-experiencing problem solutions with other people, are all part of our evolutionary heritage.

If we consider then that these two modes of knowledge acquisition have co-existed for millennia, we might want to ask: how does this play out in a global world where the didactic text-based mode of teaching and learning has gained so much more acceptance and prestige? And for what reasons is that so? What can this tell us about the state of the modern world and how it deals with the acquisition of knowledge and the learning of skills in global industrial environments? I believe an evolutionary and historical perspective tells us that these two ways of knowing must run in parallel in today’s societies. In the following sections I track how the accommodation between these two systems has worked itself out by contrasting how Mexican village midwives acquire ethno-obstetric knowledge and skills with what happens to them in didactic training courses. I go on from there to analyze the formal and informal learning systems in place in an airlines operations room and in the factories of a global computer chip manufacturing corporation. I end with an assessment of the state of contemporary knowledge ecologies.

2. Skill and Knowledge Transfer in Traditional Communities
2.1 Fieldwork and Methods

My case of a community at the crossroads
 between experiential and didactic modes of learning comes from fieldwork I did in rural villages in the Yucatan (Mexico) between 1972 and 1988, typically spending several months each year with Maya women and village midwives.
 I had had no intention of studying midwifery or ethno-obstetrics (a subfield of medical anthropology that did not exist at the time) in the rural community to which I was sent as a graduate student, but I became fascinated by the work of the village midwife, Doña Juana, and eventually became her “apprentice”, though our interactions lacked all of the characteristics of a formal apprenticeship. Early on in my fieldwork, as I participated in the daily life of her household, I had started to hang around when pregnant women came for sobadas (massages) and began to accompany her on her rounds in the village, eventually attending births with her. Over the years I learned many of the skills of a midwife, but I find it difficult to specify how I was taught. Teaching simply did not occur as an identifiable activity, and whatever instruction I re​ceived originated not from a teacher doing teaching but from a midwife doing her work. I learned what I learned as do little girls who eventually become midwives in this community: by immersion, observation, and practice.

My collaborator during the early years, Nancy Fuller and I also recorded Doña Juana’s life history, which details how she herself became a midwife, and I have talked to many of the midwives in the region about their acquisition of midwifery skills and knowledge. I thus believe that I have a fair understanding of what the process of becoming a midwife in a traditional Yucatec com​munity entails, what methods midwives use, the conditions under which they work, and how they and the women in the community think about the process of childbirth. In the course of my fieldwork I also spent extended periods doing participant observation at two different hospitals in the region and was thus quite familiar with the particular version of cosmopolitan obstetrics that was practiced in the area.

People made sense of our continuous association by seeing me as Doña Juana’s ayudante (which I have translated as “appren​tice” though it simply means “helper”). My mentor often treated me that way as well, even though I took every opportunity to insist that I was there to study what they did, not to become a midwife myself. Although it is clear there are substantial differences between an apprentice midwife who would one day take her place in the community and an anthropologist-apprentice, I nevertheless feel that much of her interaction with me was close to what it would have been with any of the young women in her household if they should show an inclination to some day step into her shoes.

How then does one become a midwife in this kind of community?  What kind of knowledge do future midwives have to acquire and how do they do that? Or, rather, how does that happen to them?
2.2. Becoming a Midwife: Learning in the Doing

Children in Maya societies (and in traditional societies in general) are astute silent observers of adult activities and attentive overhearers of the talk that comes with those activities (Gaskin and Paradise in press). They take on household chores from a young age, much of which looks like play to us. I have seen children take delight in (sort of) plucking (most of) the feathers from a turkey, knowing that while this is not a perfect job, it is a step towards getting the turkey into the pot. A young girl may prefer to take care of a real baby rather than playing with a doll and may become a trusted caretaker of her mother’s next baby by the age of three. Children thus are major contributors to the tasks that have to be carried out within their household, e.g. pots need to be fired, a roof needs to be thatched, a limpia (ritual cleansing) needs to be carried out or a baby needs to be birthed. As “legitimate peripheral participants” (or LPPs), always in the presence of competent older siblings and family members, they acquire a practical, embodied set of skills relevant to making a living in this environment (Lave and Wenger 1991),  
Since children are a routine presence in adult activities in Maya families, a young girl living in a midwife’s household absorbs the essence of midwifery practice early, without being identified as an apprentice midwife. As she accompanies her mother or grandmother on her rounds she not only carries the midwifery kit for her as a younger person would for an elder, but she also learns to follow cues regarding when to open it, when what kinds of stories can be told, where to sit during a massage, and what kinds of touching to engage in. In such situations, the standards for appro​priate performance are ever-present in the expert’s actions.

Without being taught, she comes to know a great deal about many procedures (as did I). She might be sitting quietly in a corner as her mother administers a prenatal mas​sage; she would hear stories of difficult cases and of miraculous outcomes. Always wanting (and expected) to be helpful, she may be passing messages, running er​rands, getting needed supplies or helping collect herbs, absorbing what it means to be a midwife, what kind of behavior is expected, what kinds of rewards and difficulties might arise. Even though she cannot yet attend a birth, she begins to build a holistic picture of what the entire birth sequence looks like, what it means (practically, ritually and economically) to become a midwife, and what kinds of skills she would have to acquire. Learning for her is embedded in the daily activities of household and neighborhood. Her most pressing concern is less with ‘learning’ than with fitting into a complex social scene; that is, demonstrating appro​priate behavioral, interactional and linguistic skills that make her an unremarkable member of the group. A young girl living in a midwife’s household thus absorbs the essence of midwifery practice early, simply in the course of carrying out the activities of daily life, without being identified as an apprentice midwife. She needs no “training”. Operating in an environment of competently executed tasks, the apprentice always knows just how she is doing, how she measures up, and if this is a path she might want to follow out of several open to her.

Coming myself from an environment where it is thought important to constantly praise children for their accomplishments and reward them for their behavior, I was taken aback by the fact that little was said about helpers’ per​formance in Maya society. I came to realize that praise and blame are unnec​essary in this environment since the success or failure of the task performed is obvious and needs no commentary. To a large extent, the learner herself rather than the expert decides when she is ready to take on a next task.
If a young woman is to become a midwife, a critical event is the birth of her first child since only women who have had children themselves (and the baby’s father) are permitted at an actual birth. This is where she gains true bodily understanding of what labor is like and how the experience can be supported by those present. She gains insight into the benefits and drawbacks of the various positions she might assume, and thereby comes to know what eventually she might do to help guide the unfolding labor towards a successful outcome. After this, she might come along to a birth as an ayudante, perhaps simply because her ailing grandmother needs someone to walk with, and thus find herself doing for the woman in labor what other women had done for her when she gave birth; that is, she may take turns with the other women in the hut at supporting the laboring woman, holding her on her lap, breathing and pushing with her. As she reaches middle age and if conditions are right, she might take on more and more of her aging mother’s work load, starting with the routine and tedious parts, and ending with what is in Yucatan the culturally most significant event, the birth of the placenta.

Future parteras thus acquire relatively easy and peripheral skills first, where the relative cost of novice error is low, but there is no predetermined sequence. Rather, they learn a bit here and a bit there, all the time able to fall back on the expert, and little by little become competent in ever increasing stretches of the ”production schedule” (Hutchins 1993). As we will see, this process of working from the periphery of a task complex to the center stands in contrast to the ways in which knowledge is ‘transferred’ in formal training sessions where there is no ordering from peripheral to central, from simple to complex, from inexpensive to costly. Rather, there is a (chrono)logically ordered sequence, each component of which carries the same salience and must be acquired in a linear order.

The kind of domestic, informal acquisition of knowledge and skills that I observed for midwifery in the Yucatan is common for a variety of specializations in traditional communities. Midwifery seems to be almost always continued in family lines. In one of the isolated hamlets of Yucatan where I conducted interviews, all three midwives came from the same family, a family that had produced famous midwives and shamans ever since anyone could remember.
 Doña Juana’s mother was a midwife as well. Domestically- based learning was most likely also how specialization occurred in the millennia before the advent of text-based divisions of labor. While midwifery apprenticeship remained informal in the Maya communities I am familiar with (see also Cosminsky 1982, Rogoff et al. in press), other kinds of apprenticeship developed with a more formal character when craft production moved from the household level to separate shop-like locations. (e.g. Goody 1986, Lave unpublished).

In such an environment, explicit teaching is not necessary. Where the knowledge of ritual specialists such as midwives, shamans and bone setters is handed down in family lines, a little girl who eventually becomes a midwife learns a tremendous amount simply in the course of growing up in the household of a midwife, though nobody “teaches” her. By contrast, I kept expecting and then soliciting teaching for myself. A product of lifelong indoctrination about the dangers of childbirth, I tried to get the midwives and experienced women whom I came to know well to give me answers to my questions about a long list of low-frequency occurrences which I was unlikely to ever observe, such as postpartum bleeding, still-born babies, cases of eclampsia, twins and breech births. But it was difficult to get any of them focused on such questions. Most generally, I would get agree​ment that yes, that is something that can happen; or the ubiquitous: “pues, quien sabe” (who knows). I asked questions. I got no answers.

I had to unlearn a lot. It slowly became clear to me that in this system, experts rarely provide didactic interludes. In learning how to do an external cephalic version
, for example, I found that I could not expect Doña Juana to tell me what to do. Instead, her hands would rest on mine as I attempted to duplicate the manipulation I had ob​served on a number of occasions. I would slowly increase the pressure on the baby’s head and rump, encouraged by her hands pressing on mine, until I felt her let up and reverse the direction of pressure. I did ask her to tell me when I pressed too hard, but she would communicate with me through her hands. This is how I learned what is ‘too much force’. In a real sense, the knowledge is in the hands and transferred by the hands.

Talk in such an endeavor is coincidental to the activity. This is not to say that we worked in silence. Rather, there was typically a steady stream of talk with other family members present (including children), but as Doña Juana’s skillful hands went through their routine, the conversation usually would be concerned with everyday topics such as the price of oranges, who had come to visit, an impending fiesta, or the expected rain. Only rarely did her work become the subject of talk. But even then it was always tied to accompanying bodily demonstrations. For example, while performing an external cephalic version she might explain such things as how she could tell the baby’s head from the breech, but she would do that by showing how she felt the fetal parts with her hands. Furthermore, she would invite the women present to also feel the difference.
 This is about as close to a didactic interlude as she would get. She never “lectured”, even when asked to.

We see, then, that in the experiential mode of learning the acquisition of bodily skills is primary, while the verbalization of general principles is secondary, ill-developed, and not well rehearsed. This lack of facile verbal articulation is often mistaken as ignorance by people schooled in the didactic mode where talk is primary and where the central problem is the con​verse, the translation of verbal conceptual knowledge into skillful behavior.

As I slowly began to understand something about Maya ethno-anatomy and the complex system of physical, nutritional, ritual and bodily practices of the ethno-obstetric system, I also became aware of the presence of what I call cosmopolitan medicine, at first through becoming aware of my own prejudices, and then finding bits and pieces of ill-used biomedical language and artifacts in the repertoire of midwives. I knew they came from training courses given by the local health authorities and was eager to better understand that.

2.3. Didactic Training Encounters Experiential Learning 

My opportunity to get deeper insights into the effects of didactic biomedically oriented training came when I was asked to participate in training courses which the Mexican Ministry of Health and the National Indian Institute (INI) or​ganized to ‘upgrade’ the knowledge of village mid​wives. I served as a consultant on two such programs. The first focused on family planning, the second on pregnancy, birth and the postpartum period. The courses lasted from two days to a week. One took place at a regional hospital; the other in a hut commandeered for the purpose in a small village. About half of the 20 or so traditional village midwives who attended the courses were more or less bilingual in Spanish and Maya; the other half were monolingual Maya speakers.

Though I was asked to serve as a ‘consultant’, it was never quite clear what my role was to be or what my specific duties were. I self-defined my task as doing detailed participant observations of the courses and providing input to the staff regarding the cultural and biomedical appropriateness of the training. I not only attended the official sessions but also spent much off-duty time with the trainees. During classes I sat with the midwives rather than the staff. In the evenings, when the teachers went home, I stayed to eat with the midwives and I brought my hammock to sling next to theirs in the dormitory assigned to them. There were several occasions before, during and particularly after daily sessions where I had extended discussions with the staff about ways in which I thought the training could be improved. The teaching staff—doctors and nurses from the regional hospital and representatives from the Ministry of Health—were dedicated people who were convinced of their mission and worked hard to impart to the midwives the knowledge they felt they needed. Thus what I say should not be heard as laying blame at their feet. Rather, my aim is to identify some of the generic learning difficulties from which programs of this type suffer, of which these particular courses are only more or less typical instances.

I was particularly interested in these train​ing courses because most of the midwives I had encountered had attended such courses. Some of them had received UNICEF mid​wifery kits and in talking to them and attending births, I continually ran across evidence of bio​medical influence. Midwives talked about vaginal examinations; one had a thermometer which, how​ever, she couldn’t read; others tried to convince me that they sterilized their scissors before cutting the umbilical cord. I picked up considerable evidence that what I presumed was being taught in those courses was not translated into practice as I observed it. And so my objective was to understand in what ways trainers and trainees made sense of what they were teaching or what they were being taught. In other words, what was the nature of the issues that emerged as these women who were specialists in their own right encountered the cosmopolitan didactic mode of knowledge transfer?

2.3.1. The didactic instructional mode: mini-lectures, definitions, and tests

The lesson plan was provided by the Ministry of Health. It specified various discussions, lectures, slide presentations and exercises and was concluded by a test, followed by the graduation cere​monies, at which time the midwives received a certificate [pix]. The curriculum was modeled on the standard sequence of instruction in medical education. It pro​ceeded (chrono)logically from ovulation to conception and implantation, treated extensively the development of the embryo and the fetus throughout the nine months, and ended up with labor, delivery, and the postpartum period. The content was delivered by the staff in didactic topical chunks, in mini-lecture format, in a purposeful, urgent monotone. There were no questions from the audience nor were questions encouraged. Apart from the fact that many of the attendees did not understand Spanish, most of this material did not connect to midwives’ and women’s own ethno-anatomical knowledge about how the body works.

In a mode that is typical for formal schooling (one that we will encounter again in didactic corporate training) the objective was on teachers “transferring knowledge” and learners mastering definitions and principles to be memorized, rather than on embodied skills these parteras empiricas might have found useful.
 From their reactions it was quite clear that what they heard in these mini-lectures had almost no relation to their actual practice, nor to the ways in which they had always absorbed the skills and knowledge of their profession.

The first course was in the lecture room of the regional hospital.

We sit in two rows facing a blackboard and a rectangular, office-style table with Dr. Gonzalez, Nurse Rosita and Aide Marguerita behind it. I sit in the back row with a good view of the door. The midwives chat expectantly. Dr. Gonzalez does his bienvenidos (welcoming remarks) and leaves.

Nurse Rita begins to lecture walking back and forth between blackboard and table in front of the class. From time to time the Aide hands her a book, opened to a graphic that illustrates a concept she is talking about. It becomes clear (at least to me) that most of our course time will be taken up with definitions and abstract concepts. The carrot is the UNICEF kit; the stick is the final test at the end that we have been informed about.

Nurse Rita to group:

“What is a family?” This is a rhetorical question to which no answer is expected or offered, though nobody would doubt that midwives know what a family is. The nurse provides the answer: “A family is a group of people who live under the same roof and have as a common goal the desire for a better life.” Nurse writes definition on blackboard and looks expectantly at us, strongly conveying the notion that the definition should be copied. I keep my head down writing fieldnotes.

There is little response from the midwives. One or two have started to write something but the rest sit immobile, staring vacantly and silently, arms folded over their lap, clutching their shopping bags. Dr. Gonzalez has reappeared. He tells us that definitions are important because they are on the final test. Nurse Rita asks Doña Ana why she isn’t writing. Doña Ana says she forgot her notebook; her neighbor says she can’t write; La Gorda says she has no paper. Nurse Rita produces pencils and paper. Then she walks around the room to check on progress, which is elusive. Finally, the entire staff, one physician and two nurses, walk through the room copying the definition on little slips of paper which they give to those midwives who can’t read or write.

I am mystified.

I notice four yellow stickers in the book with the definitions and illustrations. We are at the third sticker. I wonder if the midwives are also doing a countdown. Only one more to go till our morning break.

The next definition is concerned with the question: “What is a home visit?” In the afternoon we deal with “How is the IUD positioned?” (Answer: “The IUD is positioned in the uterine cavity, preferably when the woman is menstru​ating.”)

Though one can imagine instances where certain facts have to be committed to memory, e.g. on what day in the menstrual cycle to start the pill, it is difficult to see what impact memorizing these definitions could have on midwives’ work. I will argue below that such verbal information is likely to be recalled only as such; that is, as talk, without any implications for behavior.

What was remarkable about these attempts at inculcation was the amount of disconnect that was visible in plain sight. Whenever the presenter geared up to her or his mini-lecture, a series of stereotypical behaviors on the part of the midwives became evident. They shifted into their ‘waiting-it-out’ posture, sitting impassively, gaze far away, feet dangling, obviously tuned out. This is behavior that I have also seen in other waiting situations, such as when a bus is late or during sermons in church. While the teaching is eminently visible here, the learning is not.

2.3.2. The issue of visual literacy

While course content was mainly communicated through abstract talk, the didactic lecturing was on occasion alleviated by showing various artifacts (such as contraceptive devices) and by audiovisuals. But some of these presentations may have done more harm than good. First, there is the well-known problem of showing locally inappropriate materials, such as delivery in a bed—which is less than helpful for the midwives since none of their clients have beds. (They give birth in a ham​mock, or on a chair, or kneeling on a mat on the floor.) [pix] But there is a more fundamental problem in that exogenous pictorial or graphic representations may not be read in the way they are intended.

The iconographic traditions of nonwestern soci​eties have different conventions from those that are dominant in ours: which aspects of the natural and supernatural world are represented and how that is done varies considerably cross-culturally and as we have seen, historically and prehistorically. Westerners may find it difficult to ‘read’ the pictorial representations incorporated in African mud paintings, American Indian pottery, or Maya temple frescos, though people who are familiar with those iconographic systems have no trouble deciphering their meaning. Similarly, our customary ways of depicting ob​jects and events may not be easily understandable to people socialized into different iconographic tradi​tions. Our own iconography, especially our scientific tradition, has developed photographic represent​ations to a very high degree, making us familiar with the various transformations these media allow, such as increasing or decreasing the size of the object represented, decontextualizing it by blanking out the background, and changing colors in certain ways. We also subscribe to a set of rules for interpreting line drawings and sketches, having learned (though never in an explicit way) what parts of the world they refer to, which pieces they disregard, and just exactly how they simplify. Members of any particular cultural tradition learn about such iconographic represent​ational systems early and usually without formal instruction. But for the midwives who looked at a line drawing of a uterus [pix] this was an interesting pattern of lines that had absolutely no relationship with their experience of the uterus they might palpate in a pregnant woman.
Similarly, when we watched the slide show on conception, where an ovum is approached by several spermatozoa, the midwives were attentive but they were nonplussed by the news that this is how a baby starts. During a break, standing outside the hut away from the staff, I asked one of the midwives: “So what did you think about the slides we just saw?” She allowed that it was pretty inter​esting, especially the ball and the little sticks. “But,” she said with an air of confidentiality, “here in Yucatan we do it differently. Our men have a white liquid that comes out of their penis and that’s how we make babies. Not with little sticks (palitos) like the Mexicans and gringos do.” Clearly, the midwives in the course did not translate line drawings of anatomical features or delivery positions into their real-body, real-world equivalent.

This absence of our (Euro-American) kind of visual literacy is hidden and a source of miscommunication that is exceedingly difficult to identify. In particular, representations of objects which are very small, very large, or very far away, may be difficult to make sense of.
 I am reminded of an incident with Doña Juana which highlighted this issue for me. Doña Juana had been to the airport several times, had seen airplanes at the airport on several occasions, and had actually seen us go up the steps and through the door, waving good​bye to her. One day, walking in the countryside, a tiny silvery jet passed overhead. She began musing about how it is so little and yet so big and finally said: “You know, what I always wonder about is how they first shrink it and then blow it up again when it comes down.” My attempts to explain seemed feeble indeed.

2.3.3. The tools of the trade

Most types of knowledge transfer depend on and are effective in association with characteristic physical objects, tools and artifacts. For learning about traditional birthing this would include herbs, artifacts like ropes and chairs and other physical objects that can ease the labor, maybe a heavy sewing needle to pierce a newborn baby’s ears or a sharp instrument to cut the umbilical cord -- all objects that are easily available in the normal Maya household, the use of which is totally familiar to birth attendants. One important message imparted to the midwives in both courses was that there are certain artifacts that are indispensable for competent performance in the eyes of the medical staff. In the family planning course, those were the artifacts of contraception, such as pills, IUDs and condoms, which were shown to the midwives mounted on a display board held up by the nurse. They were not available for manipulation or detailed examination, not to speak of distribution. For the course on birth atten​dance the required artifacts consisted of the contents of the UNICEF midwifery kit, such as scissors, brushes for hand washing, eye drops, etc. The curric​ulum assumes that such tools are available to the midwives and a good deal of course time is allocated to teaching proper treatment of the kit and its contents. As a matter of fact, the prospect of acquiring such a kit was a prime motivation for attending the course, during which the kit and its gadgets took on more and more significance for them, if not for their actual use value, then definitely as visible symbols of their expertise.

It is indicative of the symbolic value of the mid​wifery kit for staff and midwives alike that for the official closing of the training session the graduates were photographed with simulated midwifery kits, actually crudely painted, already rusting metal boxes which they had to give back as soon as the picture was taken. The boxes were empty. In many ways, the fake kits symbolize what happens in these courses: much revolves around different kinds of pedagogic objects, both physical and symbolic, but in a serious sense the midwives walked away empty-handed.

2.3.4. The transferability of verbal knowledge

For persons with little or no formal schooling the didactic mode of knowl​edge acquisition is problematic. In everyday life, in contrast to formal education, skills are acquired by watching and imitating in a relevant environment, with talk playing a facili​tating rather than a central role. Talk in such situations is always closely tied to, and supportive of action. In the traditional system, to know something is to know how to do it, and only derivatively to know how to talk about it. Talk is never primary.

Given this situation, there arises a real question about the transferability of knowledge acquired in the logocentric mode to real-life situations. In my fieldwork there emerged some evidence that information learned in the verbal mode is used again in the verbal mode, in talk, and is unlikely to be translated into other behavior. For example, one midwife began to refer to the uterus as the prolapso after she had attended a training course. This term probably came from a discussion of ‘prolapsed uterus’, a serious complication, but it is noteworthy that the midwife had not acquired any way of dealing with it. What the course had provided for her was simply a fancier and more prestigious way of talking.
When the staff asked the midwives if any of them did external cephalic versions or engaged in the traditional practice of cauterizing the umbilical stump of the newborn, none of them admitted to doing it. They all were able to say that in case of breech presentation you refer the woman to the hospital and for treatment of the umbilical cord you use alcohol and Merthiolate. But when we were alone, swinging in our hammocks at night in the dormitory, and I intimated that I actually knew how to do those things and thought they were good for mother and baby, every one of them admitted that she engaged in those practices routinely. As a matter of fact, a lively discussion and exchange of information about specific techniques ensued
. I would suggest, then, that didactic methods produce only minimal changes in the behavior of trainees, while, at the same time, providing new resources for talking about what they do. In particular, midwives learn how to con​verse appropriately with supervisory medical person​nel, so that when the public health nurse visits to check on them, they can give all of the appropriate responses to her questions. Training courses may actually serve to provide the semblance of medical legitimization through the bits and pieces of exotic medical gadgetry and terminology which midwives pick up without concomitant change in behavior. The new knowledge is not incorporated in midwives’ behavioral repertoire; it is verbally, but not behav​iorally, fixed.
2.3.5. Learning Modes Embedded in Worldviews

From the illustrations I have provided emerge a range of issues that arise around didactic teaching in a community with a well-established, functioning ethno-obstetric system. Fundamental among these is the fact that those who did the teaching and those who were taught carried with them quite literally different views of learning and teaching and beyond that, of the world they inhabit together.
For the staff, having discussed ovulation and conception, the behavioral implications (i.e. to abstain from intercourse at mid-cycle) followed as a matter of course. But this was not heard by the midwives who continued to believe that the most fertile time is immediately before and after menstruation because at that time ‘the uterus is open’. Throughout the course, what was most amazing to me was that it looked like nobody had seriously considered the relevance of these teachings to the work of parteras empiricas in traditional rural communities, to their particular work circum​stances, and to the existing indigenous knowledge system. It was clear that the local ethno-obstetric knowledge was not present in the room. It was invisible, unseen, and unheard.
This is not particularly surprising. It is generally the case that where more than one knowledge system is present, one of them tends to be devalued, often to the point of invisibility. When I showed the medical staff videotapes of midwife-conducted births, massages and versions, they simply said: “We are doctors. We don’t do that.” Caught in the web of their biomedical world view, the source of many problems is entirely hidden from them. They compile their statistics, they fulfill their quotas, they check on the condition of the UNICEF kits, but the trainers never appreciate the ways in which the statistics they compile have little to do with reality. They orient to the statistical requirements of the national bureaucracy and when they go out into the communities they carry with them a way of looking at the world that the midwives, while they don’t share it, at least can now discuss in appropriate terms.

I have painted a picture of experiential learning as it was imposed on parteras empiricas in a village in the Yucatan. In citing their experiences and practices in this much detail, I have tried to shine a light on the intricate, pervasive and powerful ways in which observation and imitation embedded in competent practice function in the human acquisition of knowledge and the learning of skills. We will see that in contemporary industrial technical work, such wholesale dismissal of a knowledge system seldom happens, rather there are now various forms of accommodation that may be more or less successful in taking advantage of the deep, embodied knowledge that experiential learning instills. In the two sections that follow I will argue that this ancient way of learning continues to underlie, now in tandem with logocentric learning, successful, competent practice that supports the needs of high-tech work places where complex problem solving skills and a high level of technical expertise are crucial.

3. Skill and Knowledge Transfer in High-Tech Workplaces

My project and research work in high-tech companies for the last twenty years provides a rich database of observations we can use to begin to investigate what the co-existence of logocentric and experiential learning styles looks like in the contemporary world. For economy of space I draw here primarily on fieldwork carried out in two of those projects, one focused on the operations room of Atlantic Airlines (a pseudonym),
 the other on Intel chip manufacturing factories in Costa Rica and Malaysia. Both settings are high-tech environments with strong work cultures and job requirements that require complex social and technical skills. As we will see, much of the competence necessary for carrying out these jobs is acquired in the ways we have encountered in traditional settings.

3.1. Working in the ops room

Operations or “ops” is the airline communication center that coordinates the activities of incoming and outgoing planes. As workplaces, ops rooms consist of a complex mix of tasks and technologies that must operate smoothly under strict time constraints. Here as in other workplaces we have studied, there are many skills and many kinds of knowledge that are not part of any official “knowledge inventory,” that are never taught formally or even discussed, but that turn out to be crucial for successfully carrying out the daily tasks at hand. Since none of these skills are taught, or even acknowledged, they must be learned on the job. The question is: Exactly how does on-the-job learning take place, and exactly what has to be learned?

At Atlantic Airlines, several times a day cavalcades of planes descend from the air and roll into the gates where they exchange passengers, baggage, and crew, get cleaned, refueled and provisioned, and then take off again to new destinations. These daily events are called complexes and there are eight complexes each day. The work of the ops room revolves around coordinating the activities that must be carried out as each complex unfolds. The airport we studied is a hub for AA, and most passengers who arrive here will need to make connections.

The ops room is staffed by a supervisor and four highly skilled operators who work on computer stations facing the walls as they carry out their specific tasks. One of the operators, the Passenger Service Planner (PP) communicates with gate agents and ensures that passengers whose planes have been delayed or canceled are rebooked; another, Operations-A (OPS-A), is in touch with jet pilots, either by radio or through an onboard computer; Operations-B (OPS-B) talks to the pilots of Atlantic Hawks, the airline's small commuter planes; while the Baggage Planner (BP) coordinates with the “ramp rats” who are in charge of servicing the planes and moving baggage.

The operators are seated back-to-back, facing a collection of communication equipment arranged along the walls. Information about the next batch of planes comes in over a plethora of technologies: radios, telephones, computer screens, printers, terminals, flight information displays (FIDs), and video monitors. It is taken in, processed, and then sent out again in the form of directives to other parts of the system (i.e. pilots, fuelers, baggage loaders, maintenance people, and gate agents). Ops workers are in frequent radio communication with the various gates and with the ramp area where ground crews stand ready to push the exit stairs up to the plane, take care of baggage transfers, and handle other aircraft related maintenance. The radio frequencies for the airport Tower and Ground Control are also open much of the time, so the place is extremely noisy, with phones ringing, printers clattering, and radios squawking while ops workers are engaged in coordinating the multi-party, multi-site, multi-task communications necessary for smooth arrival and departure. Some of the information is time-sensitive and some of it is time-critical, for example when the delay of one plane pulls in its wake disturbances in the departure of others. In that case it is extremely important that information about changes be available to everybody who is involved in shaping the directives for upcoming activities. The ability to monitor this thick sonic and visual soup, and selectively attend to the messages that come in through the various communications devices is clearly crucial, and clearly something that cannot be taught didactically.
The characteristics of the physical setting and of the communication technologies are such that much of the incoming and outgoing information is for multi-party listening and shared viewing, supporting a collaborative work style. A bank of video monitors on the back wall of the room provides a common, public display space where a visual representation of the state of the world at the gates is simultaneously available to all. This work environment is alive with symbolic, visual, and auditory activity which is screened and variously appropriated by its occupants for their own or, just as likely, their co-workers' requirements. As Hutchins (1991) and other pioneers in the study of distributed cognition have pointed out, the work setting itself, complete with experienced co-workers, artifacts and technologies, provides cues and resources for understanding the work at hand. As one could argue for a traditional birthing hut, the knowledge is “resident in” the environment itself.

3.2. The ideal vs. the real state of the world

We became accustomed to thinking about the work of the ops room as revolving around “the state of the world;” that is to say, the world of planes in the air, on the ground, and at the gates, and their state of readiness in regard to passengers, baggage, fuel, food, and crews. The ideal state is reflected in the official schedules of the airline that indicate which flights are supposed to arrive and depart at what time. It is the standard against which performance is measured.

For the daily work of the ops room, an important representation of the ideal state is a workflow document called “the complex sheet”, a matrix with chronologically ordered rows and columns that list incoming against outgoing flights, showing how many bags and passengers have to move from each incoming flight to the various outgoing flights. As baggage and passenger transfers are completed, relevant cells are highlighted so that the progress of a complex is captured by highlighted cells moving towards the lower right. Initially representing the predicted (ideal) movement of passengers and baggage, as changes are entered in the course of the hour the complex sheet reflects what has actually happened as certain cells (flights) do not follow the expected pattern. Those cells represent the real state of the world. Whenever necessary, BP and PP send out updated complex sheets to relevant personnel elsewhere in the airport. The sheet will be revised on paper and on the computer system as the complex unfolds. The complex sheet is thus a boundary object that links different parts of the airport through a representation of the intended motion of people and bags (Star and Griesemer 1989, Bechky 1999). [pix of complex sheet]
For ops workers, the real state of the world is also made visible through a bank of eight video monitors mounted high up on the back wall of the ops room that show the situation at each gate. By checking the video displays they can tell what is going on around each plane. For example, are passengers boarding, has the refueling truck left, is baggage loading still in progress? Basically, the work of ops consists in comparing this de facto state to an ideal state as reflected in the schedule, and then initiating adjustments of various kinds that bring the current state more or less in line with the ideal state.

Another representation of the ideal state of the world occurs in “delay coding”, which consists of assigning error codes to plane delays as they occur. This is done on a prominent whiteboard, visible to everyone present in the ops room. Each category of error has a standardized, allowable monthly limit. Here we sometimes see creative reconciliation between the ideal and the real if some error category gets close to the allowable limit.

Ops workers are constantly oriented to determining "the picture", i.e. assimilating and in turn making available to co-workers information about the current state of the world. The process of forming and updating their picture of what is going on in the material world of planes, crews, and passengers requires the integration of multiple streams of representations in symbolic, auditory, and iconographic modes into a coherent and in some sense efficacious picture of the relevant material world (Goodwin and Goodwin 1996). This integration is a strikingly interactional achievement and appears to lie at the very heart of successful coordination and control operations in high-tech environments, including on-line control equipment in hazardous environments, such as in the operation of nuclear facilities, aircraft navigation and communication systems, or weapons systems (Zuboff 1988, Heath and Luff 1991).

Becoming an unremarkably competent operator in such complex, multi-party work situations requires, on the part of newcomers, an orientation to, and increasing alignment with the ways in which work activities are organized and structured. This knowledge is not conveyed by formal training alone but is acquired by immersion in the actual work and exposure to competent practice.

3.3. The work of the Baggage Planner

What then is it that novices have to learn? Let us follow Chris, the Baggage Planner on one of the many shifts that we observed.

Tonight, Chris is working with four other people in the ops room: Victor, the supervisor; Dave, the Passenger Planner (in charge of communication with gate agents); Kendon, OPS-A, (talks to jet pilots), and Rob, OPS-B, (talks to the Atlantic Hawks).

Chris’ duties as Baggage Planner center on maintaining the vital link between the ops room and the ramp, where the ground crew stands ready to service the planes and take care of the all-important baggage transfers. Before she bid into the ops room (this is a union job and seniority counts), Chris herself worked on the ramp. She had started there several years ago as a baggage handler, had become a baggage transfer driver, then a crew chief on the ramp. This experience is invaluable to her in her present position.

So far, this shift has been pretty ordinary but a problem has come up. The supervisor has briefed them that a plane switch has to be made during the next complex. Aircraft #677 coming in from Seattle and scheduled to go on to Santa Ana has developed a problem with one of its fuel tanks. The repair shop that specializes in this type of repair happens to be in Los Angeles. So, during complex eight, aircraft 677 will switch destinations with aircraft 676, which comes in from Reno at roughly the same time with destination Los Angeles. As complex seven wraps up, Chris and her colleagues begin to focus on the upcoming swap.

To help her decide what she needs to do, Chris makes the following note for herself about where the two planes (aircraft 676 and 677) are going to arrive and depart. (Here SKED represents the scheduled state of the world. TODAY is the projected state for later in the day).

Gate 14: aircraft #676

SKED:

1091 from RNO to LAX

TODAY:

1091 from RNO -> 1018 to SNA

Gate 15: aircraft #677
SKED:

1018 from SEA to SNA

TODAY:

1018 from SEA -> 1091 to LAX

She circles gate 14 and gate 15. Obviously, she has to communicate with the crew chiefs at these gates to make sure that they are aware of the planned changes. They should of course have consulted their computers but she knows from experience that they often don’t when things get hectic on the ramp. She figures if the "ramp rats" aren't ready, there might be a delay in getting these planes out and that would be a delay counted against them in their performance ratings. Chris picks up the radio: "ops to gate 15"; "ops to gate 15, come in please." A familiar voice comes over the radio. It is Redge, the crew chief at gate 15. "Go ahead, ops."

Chris explains that the aircraft for flight 1018 today will "take out" flight 1091 to Los Angeles because of a problem in the fuel tanks which can be fixed there. "So, please, let your transfer drivers know." Obviously, it wouldn't do to have the Santa Ana baggage show up in Los Angeles.

While she makes sure that the ramp personnel at both gates are properly informed and prepared, she also, almost unconsciously, listens for other relevant information in the babble of noises that fills the room. Dave, the Passenger Planner, is updating the "leads" at both gates about the impending swap. Unrelated to that, Rob who is in charge of the Hawks, is in the process of placing a food order for one of tomorrow's flights, and Kendon is talking on the radio to a jet pilot. Her phone rings. She does hear the beginning of a Tower communication about flight 1018 but picks up her phone. It's Grosso, one of the transfer drivers for tomorrow’s morning shift who wants to switch places with a friend on the afternoon shift. Chris says: "that's fine" and makes the requested changes on her record sheet. Keeping the ramp crew records is one of the duties that come with the job.

Meanwhile, Kendon, raising his voice slightly, announces to no one in particular (but heard by all): "ten eighteen is on the ground."  She knows this is information he picked up from listening to the Tower and Ground Control. She picks up her radio and, modulating her voice, announces to the ramp: "ten eighteen is on the ground for gate fifteen." She knows that the ramp crew at gate 15 is getting ready to roll out the stairs that the baggage driver is ready to collect the bags coming off the plane, distribute them to the appropriate gates for their connections and load on the baggage going to LAX. She enters the plane's touch-down time on her complex sheet. Dave, who has been talking on the radio, now says: "ten ninety-one was sixteen minutes late out of Reno; he's trying to catch up some but it'll be tight."

Chris knows that to switch passengers, crews and baggage between the two planes and have them both leave on schedule will require planning and quick work by everybody. She turns to the supervisor: "Victor, do you think we could give ten ninety-one an extra set of stairs?" Victor thinks that's a good idea. So Chris calls the crew chief at gate 14 and asks him to have rear stairs ready for 1091. Dave, who had been listening, picks up his phone at the same time to call the lead gate agent at gate 14. They will use the rear stairs to disembark the arriving passengers while the passengers leaving on this flight will board via the front stairs, a procedure that will substantially speed up the turnaround time for the plane.

Some time later, Chris gets up from her workstation and walks over to the camera controls at the opposite wall. Looking at the monitors for gate 14 and 15, she manipulates the camera controls. Gate 14 is empty. At gate 15, she sees the Marriott provisioning truck in place but the fuel truck has already pulled away. She knows they are making good progress.
What follows these interchanges is a string of modifications of the online record to accurately reflect gates, plane identities and flight numbers, and to the context sheets that are revised for the ramp crew and the gates where ramp bosses and gate agents distribute the information out to the people who now need to change their normal routine. This is only one of the many occasions on which the real and the ideal have to be reconciled in the course of a day.

3.4. Learning in the ops room

Generalizing from snippets of edited fieldnotes like the one above, we notice a number of interesting features of ops room work. For one, talk in ops has many unusual features and can be learned only by immersion in the scene, with careful observation and behavioral matching. Here we see Chris slotting her messages expertly into the flow of directives that come in and have to go out, while at the same time taking the initiative to shape the course of the team’s performance in the upcoming complex. As she says, it is like participating in a dance or a jazz performance, activities which value at the same time discipline and improvisation.

Thus the career pattern that gets somebody like Chris located in the ops room is in many ways comparable to that of a midwife, though the time scale is different and it is supplemented by didactic training. It requires prior experience - in this case on the ramp, at the gate, or at the counter – experience that produced knowledge of the organizational set up, intimate knowledge of personnel, of relationships between activity units at the airport and of company policy; expertise in handling most of the technologies employed in the ops room, such as the telephone, radios, and the computer systems; fluency in the language used - often technical, specialized language, i.e. how to talk over the radio.
 New ops room workers also have the advantage that they themselves will have been the other party to the types of conversations they will conduct. Thus Chris, having herself worked out on the ramp, knows exactly what the conditions and requirements for effective communication with the ramp are, i.e. what and in what form information has to be passed out to whom. Like the Maya midwife knows what it is like to be in labor, Chris understands the real circumstances of her remote co-communicators' situation; i.e. what it is like when you have more bags than fit on a cart in driving rain, and what are reasonable solutions to such problems. So when she walked into the ops room as a novice, on her first day, she was building upon prior knowledge and skills. Whatever learning took place then did not happen de novo, on a tabula rasa.

However, the most important source of expertise in the workplace – and this is true in all workplaces - is the set of skills acquired on the job by observation and imitation, in the course of doing the work. Here again, though she starts out at a later age and in a starkly different environment, Chris’ education is structurally remarkably like that of the budding Maya midwife (or the anthropologist on her way to becoming knowledgeable in traditional obstetric practices).

One of the features of ops work that is strikingly different from Maya midwifery is the specialized talk that occurs during work. We have seen that work- or practice-focused talk by Mayan midwives is rare, except on those special occasions when experienced women get together, maybe because of a birth or, indeed, during training courses. Normally, even while a midwife may be administering a massage or the customary “binding” 20 days postpartum (Fuller and Jordan 1981), talk is likely to be about everyday topics and include whoever might be watching or participating. By contrast, talk in ops deviates from normal conversation in many and major ways, most of which are subtle and could not be learned by didactic instruction. Much of the verbal exchanges are technology-mediated and can, at any time, be upstaged by an interruptive communication that cannot be ignored.

One of the forms of talk new workers must learn to handle are verbal productions that are not addressed to any particular individual but are produced “for the room” (like Kendon’s remark above, “ten eighteen is on the ground”). We have called these for-no-one-but-for-all communications “broadcasts” or “outlouds”. They imply that there is a currently developing situation to which others in the room need to orient.
 Beyond managing outlouds, another crucial skill newcomers have to learn without being taught is to monitor pitch and emphasis which ops room workers modulate when communicating via different modalities (such as the radio, phone, or face-to-face) - again a peculiarity that is functional in back-to-back situations, where co-workers need to tell who somebody is talking to without turning around.

Interestingly, it is also quite common that a verbal request is responded to not with a verbal answer but with a pause, followed by some kind of action. For example when the PP asks: “is that two-eleven I see out there at the gate?” nobody responds verbally, but the supervisor goes over to manipulate the camera controls, making the status of 211 visible to anybody who might need to know. Response by action is an extremely efficient, context-sensitive device for accomplishing the continuous, collaborative updating that the system requires for efficient operation. In actor self-selection we have a task allocation mechanism that does not follow any hierarchical line of command. The conversation analysts on our team noted many more differences with normal talk, such as rules for speaker selection, topic sequencing, topic cohesion and re-emergence, and turntaking among others.

In this work environment where operators continuously experience their dependence on their team mates, a high degree of collaboration has developed, much of it nonverbal. An operator may leave the room without saying anything. But when her phone rings, her team mate picks it up. Or one of them is talking on the phone and an important announcement comes across on the radio; a co-worker will repeat it, maybe even with a tap on the shoulder to alert his colleague.

We saw little individual blame or praise. There are no orders given, just requests. (“Do you think we could …?”). Achievements or issues are expressed in terms of “we” and attributed to “us”, not “you”, as the success of the enterprise consists precisely in maximally taking advantage of the different perspectives contributed by team members towards the shared view of the world that constitutes the basis for decision making in this setting.

Evaluations are phrased in terms of jointly accomplished work. As Chris mentioned, there are official metrics for ops performance, but there is also a constant mutual assessment of skills or lack thereof in the daily work. For example, during one complex we observe the supervisor and four operators, one of whom is new on the job. At one point the supervisor propels himself on his wheeled office chair from his own workstation into the midst of the four operators, with his back to the rookie. The supervisor is engaged in looking at the bank of video monitors, which are more easily scanned from that position than from his desk. After a while he asks softly, of no one in particular: "Has 464 landed?" The new operator punches something into her terminal and then answers: "They're about to land." The supervisor nods and continues to make annotations on a sheet of paper.

What the supervisor and the rookie's co-workers find out in this exchange is that the new operator not only knows how to get the required flight information (which the supervisor could have found out by checking his own computer or asking her directly) but also that she is in command of a much higher level skill: to judge correctly when it is up to her to provide answers to questions posed into the room. This assessment was accomplished in the course of, and incidental to, acquiring a useful piece of information for the team, not something contrived for purposes of testing.

We have noticed that in the trough between complexes talk that was narrowly focused on the tasks at hand becomes reflective. This kind of talk, generated by a group of people engaged in a particular activity about that activity, is an important vehicle for learning and innovation. As activity theorists have pointed out, “group-internal discursive assessments” function to facilitate reflection on multiple views and thereby play a significant role in learning (Nardi 1996; Wertsch 1991; Jordan and Putz 2004). In modern workplaces, they create a shared understanding of individual roles and responsibilities and thereby work out a division of labor. At the same time, these informal discussions create a public verbal representation of the capabilities, resources and issues for the group that enable them to consider implications of the current state for behaving more effectively. In this sense they are quite similar to the conversations I participated in with the midwives after the training courses. In companies such reflection can happen in the hallway or the coffee shop as readily as during dedicated work activity. It produces packages of situated knowledge, knowledge that is not available abstractly, but is called up as the situation requires. To acquire a store of appropriate stories to tell and, even more importantly, to know what are appropriate occasions for telling them, is thus part of what it means to become a midwife, or an ops worker, or a bag lady, or a president of the United States (cf. Orr 1996, Early 1982).
3.5. Access and Authoritative Knowledge

In the ops room, as is the case in a Maya birthing hut, access to the tools necessary to get the work done is not privileged. There is no single technology relevant to the business at hand that is restricted to a particular person or to the occupant of a particular position within the team. We observe all of them, supervisor and operators alike, manipulating the camera controls for gaining visual access to the gates, talking on radios and phones, looking at computer screens and printouts. While not all of them use all of the technologies with equal frequency and competence (for example, the supervisor is a slow typist), no technology is reserved to one person. This uniform access to the artifacts salient in this workspace constitutes and displays a shared distribution of responsibility and accountability, in fact a joint constitution and constant reconstitution of shared ownership of the work.

A consequence of the shared access to technologies and the public nature of information in the ops room is that participants look out not only for what they need to do their specific jobs but are constantly engaged in monitoring each other’s information needs. They ask each other for help, they offer assistance, and they provide their colleagues with unsolicited pieces of information they have picked up and consider useful. Mutual assumption of tasks here is accepted and expected. It is one of the ways in which impasses and bottlenecks are largely avoided. In this environment authoritative knowledge, the knowledge on the basis of which decisions are made is locally and collaboratively constructed. Thus routine decisions for carrying on the work tend to emerge from the situation rather than being passed down in a hierarchical line of authority.

In spite of the fact that the supervisor is clearly in a formal leadership positions, he tends to slide in and out of the ops room, interweaving with the activities of others, often simply seated within earshot at his desk. Participants do not particularly focus on him nor is there grossly deferential orienting. He moves in and out of the interactional frameworks of the ops room as the situation requires. He appears to take responsibility for monitoring the situation and is often seen walking around the room, ever alert to what the room requires, making himself available to assist whoever needs him. While he clearly takes charge in touchy situations, the ordinary decisions of the daily work routine emerge out of what is known by everybody about the current state of the world. The supervisor’s key competence is the ability to coordinate resources. His primary function here is not that of decision maker or gatekeeper. Rather, he offers an example of what a non-hierarchical management style could look like.
In the ops room both forms of learning are present: didactic instruction occurs in the computerized lessons that people have to absorb in order to maintain their job rating and especially in order to advance. But the bulk of what people need to know for working in ops comes from experiential learning, in principle not much different from how midwives learn.
Having seen the crucial importance of skills and knowledge acquired through observation and imitation of competent others in the rather egalitarian work culture of the ops room, the question arises what happens to this mode of learning in hierarchically ordered, large-scale, global production environments where the official learning model is didactic training - with, however, some interesting modifications that take a bow in the direction of experiential learning. The chip-manufacturing plants of Intel Corporation are an ideal setting in which to investigate this question.
4. Skills at Work in a Chip Factory

Imagine a walled football field with a low-hanging ceiling, populated by hundreds of machines that are sucking in, slurping, burping, blinking, regurgitating, ringing bells and blowing whistles, where a few white-clad people scurry back and forth to attend to them. Sometimes we see them pushing what looks like grocery carts (pix). Sometimes they collect in little people puddles, talk for a few minutes and then disperse. [pix] The noise is deafening.

You are on the production floor of an Intel chip-making factory.

4.1. Fieldwork

Intel Corporation is a global high-tech business with research, administration and production facilities all over the world. For a project on automation and the flow of knowledge in their chip-making factories, I did fieldwork in two Intel ATM (Assembly Testing Manufacturing) plants, one in Costa Rica, the other in Malaysia. I did the first as a solitary consultant; for the second I was joined by Monique Lambert, a superb collaborator and experienced Intel engineer with substantial ethnographic experience (Jordan 2009).

Although the factories are already highly automated, operators still manually push “the material” to be processed (wafers, chips, and substrate) in carts from workstation to workstation. What Intel wanted to know from us was if it would be possible to further automate these factories as a step towards the completely automated “Factory of the Future.” They told me that their engineers are experts at “point optimization” and had already made extensive studies of individual machines and the work processes associated with them, so I should not worry about ROI (Return on Investment). But in spite of their engineering studies they had some suspicion that they didn’t have the whole picture. In spite of the multiple computer systems that plan and document the workflow, in spite of the multiple representations of the work processes in the factories, and in spite of the elaborate training through which new employees enter the factory workforce, they worried about “the people stuff.” And rightfully so. It turned out that there were essential functions, work routines and improvisations in the chip making process, whether tool-oriented, operational, or electronic, that were not captured in the various workflow representations and therefore could not be taught in the extensive didactic training new workers undergo, nor could such activities be easily automated. We came to understand that in the long run Intel automation engineers would need to translate experiential practice into documented process. In order to do that they would have to specify what exactly it is that people do when they push those transport carts through the factory.

Coming into the factories, at first as a lone consultant and later together with my collaborator Monique,  what quickly emerged as the dominant concern on the production floor (and upstairs among the cubicles of the engineers and planners) was one overriding issue: the reconciliation of discrepancies between what the computer system said about the state of their world and the information they got from visual inspection of work in progress, face-to-face reports from operators and floor supervisors, and a variety of reconciliation meetings. In other words, the computer systems often just didn’t reflect reality. This process of trying to reconcile system-generated status with the actual state of the world was in many ways similar to reconciliation work done for each complex in the airlines ops room but blown up to a gigantic scale, since it involved the output of factories with hundreds of employees. Here, too, it turned out that a substantial portion of the knowledge necessary to carry out these complex reconciliations was not taught formally but was acquired by observation, imitation and experimentation in an officially unacknowledged apprenticeship period. As one supervisor told me, it takes a new operator about six months of working on the floor before one can assume that he or she has learned enough about a particular machine or process to be proficient. And this is after having completed weeks of didactic training.
4.2. The Workscape

Intel ATMs around the world are designed with identical layouts; they have identical machinery, follow identical work processes and carry out identical training programs under a plan called “Copy Exactly.” This facilitates the flow of information, product and people across factories. Thus partially finished product can be sent from one plant to another if it has a shortage or experiences unexpected increased demand. Highly efficient air transport makes it possible to ship overnight from, say, the Philippines to Costa Rica, or from China to Malaysia. Email, conference calls, and shared data bases are heavily used. These ATMs, thus, form a highly connected, demand-responsive network with a lively traffic in information, materials and people.

It was no surprise, then, that the factories in Costa Rica and Malaysia are highly similar. Yet there are important differences. For one thing, they exude a different atmosphere. Though people wear the same uniforms (with white or blue gowns, goggles, and shoe protection), things that look the same at first sight quickly take on a different hue. In Costa Rica, where the workforce is rather homogeneous, there is a boisterous, gung-ho, backslapping, hierarchy-negating atmosphere. In Malaysia, the ethnic groups who make up the labor force work quite differently. Muslim Malays provide the bulk of the workforce on the factory floor, while Chinese and Indians predominantly occupy engineering and management positions.
 The Malay workers are heavily team oriented. [pix] You hardly ever see them working alone, while Chinese and Indian workers are much more likely to be found focusing on their work as individuals. In both countries, most operators are women; most technicians are male, though that division is more pronounced in Malaysia than in Costa Rica. [pix factory floor]
The production floor is the worksite where silicon wafers are made into the chips that populate all of our electronic devices. Batches (“lots”) of wafers come in at one end from other factories where they are produced. They leave at the other end in the form of computer chips. In the course of that transformation they travel for days, often weeks, and sometimes months, through this maze, from machine to machine, workstation to workstation,  where under the eyes of skilled operators, technicians and engineers they are processed, tested, burned, washed, split, merged, glued, spliced, combined with a substrate, retested, and retested again.

4.3. The official training schedule

As is customary in most large global organizations, the machine operators and technicians who manufacture computer chips undergo an intensive formal training program to acquire the skills deemed necessary for carrying out their work. Entry-level workers are hired with no more and often less than a high school education. They are usually young, enthusiastic, and eager to learn.

For the first week, in New Employee Orientation (NEO), they get introduced to company culture. They are told, in mini lectures, about company values, “Quality with a capital Q”, work ethics, safety, security and of course “Copy Exactly”, the principle that promises that they can step into any factory anywhere in the world and operate the machinery there. These sessions, not surprisingly, are full of definitions and slogans; there is an energizing, highly emotional, rah-rah atmosphere.

After that new hires undergo Skills Training for several weeks where they learn how to operate a specific machine or group of machines. Skills Training is conceptualized as a cascading system where information chunks related to a particular work process are passed from expert to novice. It relies on “specs”, a set of written specifications for how to carry out the work on a particular machine that include lengthy safety and security instructions and incorporate the requirements for ISO certification (cf. Bueno Castellano 2001). Specs are of course identical for all of Intel’s chip-manufacturing factories no matter where located around the world. Originally, as HR (Human Relations) employees told me, a trainer would sit down with every newcomer and show them step-by-step how to do the work on an actual machine. But now, under the pressures of time savings and cost reduction, DTs (Dedicated Trainers) digest the specs and pass on the most critical parts to BTs (Buddy Trainers), operators from the floor who will do the hands-on teaching of novices. According to company policy, no operator is allowed to work on any machine on which they are not certified. In the course of the first year, the expectation is that they will have acquired two or more certifications.

For the training organization, the task is to impart to new workers the detailed process specifications. Training in these factories recognizes the importance of experiential, practice-based learning in the actual work environment and has institutionalized that insight by “cascading” relevant information through the Dedicated to Buddy Trainer system.
Spec-knowledge is a very specialized, even peculiar kind of knowledge that has a number of functions beyond imparting skills. For one thing, it is linked through the global ISO system to international quality standards that impose restrictions on what can be done on the factory floor. Any changes to the specs have to undergo not only vetting through a variety of company internal committees (remember “Copy Exactly”) but also have to be adjusted to ISO requirements, a lumbering process that takes months or years. Trainers and workers complain that it has become a rigid, unyielding system that tends to generate workarounds.

The specs are also important as the official doctrine to which every worker is exposed and expected to adhere. 
 They are embedded in the computer based workflow system. Nevertheless, in spite of company rules, we heard from more than one machine operator that they never had had formal training on the machine they were working on, but had figured out how to operate it by watching others do the work. Considering evidence from other production situations, we suspect that this is quite common, at the least much more common than the official learning model acknowledges.

One problem with the specs, as with other attempts to specify work practices in ever finer detail, is that they become more and more bloated as additional exceptions, specifications and safety precautions are added by systems engineers. In both Intel factories workers as well as HR employees complained that the specs are too dense and too long and people can’t learn them in the time they have. For example, the specification for “test” (one of the dozens of processes each lot of chips has to undergo) is almost 200 pages long. Interestingly, “spec-bloat” appears to be a generic, industry-wide issue that has also been identified by other researchers. 
 
It is clear then that experientially based local knowledge is always and unavoidably relied upon in practice. The simple view is that normal training simply does not suffice. Beyond that, however, one could also argue that it is only via the partially hidden experiential system that official didactic knowledge transfer becomes doable at all.

4.4. The Work Process

When a cart with a lot arrives at any particular workstation, the resident operator checks its travel ticket against the computer record to make sure that she has the right lot, puts “the material” into the machine, watches it run thru the process, puts it back into the cart as it comes out the other end and pushes the cart to the next station where its arrival gets clocked and entered into the computer system by the next operator. This process repeats over and over within a labyrinthine network of work stations until a batch of functional, well tested chips comes out at the other side of the football field to be packed and shipped.

The state of the world in this workscape is reflected in a variety of workflow representations that in their ideal form constitute the backbone of the formal instructional system while in the daily work on the floor, changes and comments to them may reflect the vicissitudes particular lots encounter in their journey through the factory. It became clear early on that this ideal conceptualization was not without its problems.

The main workflow representation in this system is a SAP-based program called WorkStream. It receives its input from the operators who move carts with lots through the system and from engineers who may have reason to alter the normal course of any particular lot. WorkStream is not electronically connected to the cart with the lot, thus it knows about the lot only what humans tell it. And, as we will see, humans sometimes don’t follow protocol.

When you see an entry in WorkStream, i.e. “at 8.56pm this lot was clocked in to this tool,” that means that they were getting ready to start running it on this tool. But there is no indication if they actually started running it then or took a restroom break; they could have gone and had lunch and then have run it, or, they could have done it after they ran the lot. They could have ignored all protocol which has happened, run the lot, and then clocked it in afterwards and immediately clocked it out. Which means there is very little time there. Which means that the data you get from WorkStream are [pause] [expletive].

WorkStream is not connected to the machine. WorkStream is fully dependent on whatever the MS [manufacturing specialist] puts in or out. So that’s a big issue because we make a lot of decisions like on down-times, set-up times and so on based on WorkStream and if the MS doesn’t plug in the data appropriately or they are not conscious  of what state the machine is in, then our data is incorrect. And our decisions could be made incorrectly.

So we add the passdown data because in the passdown you have a verbal communication of what really happened, so you match the verbal data with the WorkStream data and see what makes sense.

There are many reconciliation meetings (and their precursors) carried out on all levels of the factory hierarchy, from the production floor to top-level meetings that include the factory manager. Most of them occur on a daily basis. All of them are devoted to negotiating current or foreseeable problems with the process/practice integration.

The passdown meeting may be the most important one of these. It occurs daily at 7:00am and 7:00pm and, with preparations, can last two or more hours. The current shift manager collects reports from her or his supervisors and specialists on the floor about the current state of the world. He or she integrates those messages and then, during the passdown meeting, briefs the next shift’s leader and his or her supervisors. The supervisors then go out on the floor and inform the floor workers so they can fulfill their quotas and reach their goals for the shift. This sounds simple but in fact these passdowns are events that depend on tremendous knowledge and skill on the part of all participants.

It is immediately obvious that the rhythm and content (what is reportable and what is not) has to be learned by observation, trial and failure.

4.5. A Shift Leader talks about passdown

Milena is a stunningly beautiful, 6 foot tall Costa Rican woman with an engineering degree. She is smart and ambitious and wants to succeed the current factory manager when his rotation ends. She has been a shift manager for three weeks. Milena sees herself as a “communicator”. (She had her own TV show and still runs a radio show.)  She speaks perfect English without an accent.

Over a drink in the bar of my hotel, she tries to get me to understand what experiential, emotional and technical resources and knowledge she draws on when she is in charge of passdown.

Passdown is a tremendously complex process that is intricately intertwined with face-to-face communication. People are floating around in an information-rich environment, part of it physically fixed in the meeting space but changeable, part of it in handouts, where people are carrying things in from the last 12 hours and others are orienting to that, and then they pick out what they need.

I am sitting there and there are all these people coming into the room trying to give me a bunch of information that I need to interpret and decide which one to communicate and which not, which is relevant and which is not. And I am receiving emails at the same time with another bunch of information, and phone calls, and you need to be able to collect all that data and convert it into information that is useful so that the night shift can be successful.

There are always issues. For example, some lots are quarantined; some lots need to be rescreened; some are MIA [missing in action]; sometimes we’ve missed a shipping deadline and need to regroup. Sometimes there are specially built systems that need to be done at specific times, like engineering samples or a material that needs to be validated, so you give it priority.

 Some lots are just “lost”.

Lost? What do you mean lost?

It means that we don’t know where the product is. You know, lots get moved from operation to operation. And we have thousands of lots. So one of them might get displaced. They are all on carts, so a cart might get pushed into the wrong area by accident.

The computer system tells you that the lot was moved from one process into another, so, by inference, the lot should be, physically, here. It might tell you “all of these lots are in front of this equipment.” And then you go there and it isn’t there. Maybe there was a quality concern with this lot and it was moved to a lab to check it out.

What the computer should show is that it was put on hold or quarantined by some engineer. But if somebody sees something wrong, takes the lot to be tested and forgets to put that into the computer you have a lost lot.

Sometimes the same amount of lots that disappeared appears again, Appears in the middle of nowhere and you don’t know what this lot is. It comes on a cart. “Oh, what cart is that? What is that cart waiting for?” And then you start investigating, but there is a lot of carts and a lot of products. We have four shifts, if there is a cart standing there, nobody is going to know, is it a new cart, an old cart, or whatever.

We do have very strict guidelines about the samples that we need to take. The problem is that they are a headache. A HUGE headache. Because they mess up the general workflow, and sometimes you need to close a week and the material is stuck and that takes a lot longer than anything else in the line and stuff.

Sometimes we can negotiate about that. Q&R [Quality and Reliability] is sometimes flexible about it because it’s not like we are going to die. But other times, if the planning people insist about changing the lot size again, [voice rising] if you are going to tell me that you are going to negotiate a higher number with Q&R, I am ready to KILL you.

Most of the time the product goes through these processes and machines in the order indicated on the [a document]. But some of the lots are tested once, and then they will have to test in a different way on the same machine. For example they have to be hot tested after cold testing. So they appear again on the same machine but the machine has to be set up with a different program. And it has to cool down for some tests. So that complicates the process. It’s not exactly like a river dumping straightforward into the sea. All these things have to be negotiated.

What’s important is not the information per se, what you could type out, but the information that can become actionable for specific people the next day or the next shift. That’s what I call knowledge. So the shift leader has to know not only the information but also how to direct it to the right people at the right level. You have to know what actions you can expect from people, because I have some who I need to talk to on the most basic level. And contrast that to somebody like Alvaro, he listens to what goes on in the passdown and knows what to do. I don’t tell him anything else.

The problem is that it’s so complicated that just distributing a report would never be sufficient. During passdown, I write on the board, I talk to them face-to-face, later one-on-one, and still need to do more to get the message across that [a test with electric and temperature stress] is a priority and we need to get the product out.

I spend so much time figuring out what is this report telling me, and then putting all that information together so that it makes sense. I need to digest it in order to guide them.
In the meetings, so much happens face-to-face and the automation engineers often think you can just do away with the meetings if you automate the processes, but what you need out of the meeting is things that change behavior, actionable knowledge, not just another data base.

Considering the complexity of the work in the factory, it seems fairly clear that much of the competence required to carry it out competently and “unremarkably” is acquired outside of what official training programs cover. And that is true on all levels as information percolates through the factory.

At the same time, it is worth noting that much of the information exchange happens along lines of established relationships. So the details of what was decided during passdown are worked out in skillful face-to-face interactions during which planners, managers, shift leaders, supervisors and machine operators reach workable solutions for many of the problems that arise in the production process.

But the official reconciliation meetings present only one side of the picture. After passdown, on the floor, there are people talking in front of work stations. I see one of the supervisors from the night shift upstairs at Mauricio’s cube; then a second appears. They are still talking about the [test with electric and temperature stress] trying to make sense.

In the modern world, the two systems exist side by side, yet they speak with different voices. I try to listen for those voices on the factory floor. A production engineer waves a computer printout in front of my face. I ask: “How much do you trust these data?” He says, with conviction: “If this report is lying then the whole factory is blind!” He hesitates, and then adds softly: “But this report does sometimes fail.” On another occasion, a floor supervisor in a discussion about materials flow tells me: “The problem is we have lots of processes for what is normal, but for deviations we have no process. For example, we have a process for capacity allocation, but if it doesn’t work, it’s person to person.” And then there was the supervisor who told me that it takes six months before you can really trust new operators on the floor, thus recognizing the large amount of experiential learning which new operators lack. So there is plenty of inside recognition of the importance of observation, imitation and matching of activities, but the first, the loudest voice is always the didactic voice that gives us “the party line”, the official work process description which is but “a thin, stereotyped description of the work” (Darrah 1992), a mantra of well-defined tasks, that supervisors as well as floor workers believe and tell under most circumstances. They recognize the other but their lip service is to the didactic gospel.

Nevertheless, in one way or another, the two communication systems always talk to each other, sometimes as equals, usually not. In the Maya case they did not hear each other at all. But in the Intel case (and this is common in most large bureaucratic organizations) we see attempts to institutionalize experiential on-the-job learning by instituting official on-the-job training through the cascading system of Dedicated to Buddy Trainers. As production sites become large and work becomes globally distributed, the advantages of the didactic, cascading mode of knowledge transfer for coordination and control become obvious, just as they did when the earliest civilizations needed to achieve a form of Copy Exactly in the construction of massive pyramids, temples, road systems, and water works.

5.0. Summing it up
5.1. The learning helix
Having identified two fundamental types of knowledge transfer in humans, the ancient capacity to learn by observation and imitation and the more recent ability to learn didactically, my goal in reviewing dozens and dozens of studies of workplaces and work practices has been to come to a better understanding of the relationship between these learning styles in the modern world.

In looking for indications of informal practice-based experiential learning, the evidence I found indicates that the experiential mode is massively present, openly or clandestinely, undergirding and making viable the transmission of didactic, logocentric knowledge. It seems that the same interlinking processes are at work in all present-day organizations and communities.

In the case of the Maya midwives, the forced encounter with the didactic mode was disastrous, leading to more negative than positive consequences. By contrast, in the case of both the operations room and the chip factories, there is evident a largely beneficial co-existence. As a matter of fact, there is an interesting phenomenon we observed in large global organizations: the formalization of informal learning, the documentation of the undocumented, the digitalization of the experiential. Recognition of the co-presence and mutual necessity of the experiential and didactic learning styles is institutionalized in on-the-job training (OJT). The company-designed OJT is hierarchically organized, doctrinal, didactic, stable, and prescribed. It has assigned participants and hours, and a curriculum.

But these attempts to formalize the inclusion of experiential learning still fall short of fulfilling the learning needs of the system. To fill the void, employees on all levels, from workers to managers, spontaneously create their own on-the-job learning (OJL) by relying on the learning style they have been familiar with since they were infants. Thus we find OJL happening “wherever” and “whenever”: in meeting rooms, engineers’ cubicles, standing around on the production floor, and collegial one-on-ones at work stations, as well as in the hallways, cafeterias, the smoking station, parking lots, wherever people happen to get together and generate opportunities for observation, imitation, and reflection. [pix engineers’ cubicles. lunch table, Malay women dealing after work]
Looking back on the ethnographic fieldwork I have done over almost forty years, I would say that I now recognize the presence of these two systems of information transfer in every situation, every community, every workplace I have investigated. They co-exist side by side, though one or the other tends to become more visible, more “official” or more powerful. The size of the community that requires learning for its needs seems to matter, given that the experiential mode is most effective only in face-to-face situations. With increasing scale, the advantages of the logocentric mode become evident. It allows for uniformity within large domains, coordinates the activities of many people, and provides a measure of control unattainable in small-scale face-to-face communication.

The difficulty and importance of coding informal experiential knowledge for teaching, digitization, and automation is widely recognized and discussed in the extensive multidisciplinary literature on corporate knowledge management. The central issue, the big hurtle to overcome, continues to be translating from the tacit to the explicit. And so investigators keep seeking the possibility of representing informal workplace knowledge, all that “stuff” employees need to know to do in order to function as competent members of their community of practice, into a digital format (Nonaka and Takeuchi 1995, Brown and Duguid 1991, Jordan 1996).

I have described ethnographically based findings from three settings where professional work is accomplished: the ethno-obstetrics of traditional Maya midwives, the coordination work of airline employees in an operations room, and the work of engineers, technicians and manufacturing specialists in hi-tech chip-making plants. It is evident to me that the two ways of acquiring knowledge are present in all these situations.

I have also argued, or at least implied, that this configuration is in some sense unavoidable because of the ways we are evolutionarily hard-wired and historically soft-wired. There were periods of time, stretching back into temporal realms we share with our primate cousins, when learning by observation and imitation was our only choice. Eventually, for reasons that are still debated, symbolic, logocentric representations became possible as a way of conveying information about the world. Throughout our history, logocentricity has become central from time to time in certain knowledge environments, as for example in professional medieval medicine (which was exclusively text-based, though midwives and village healers took care of the population’s real health concerns) or the legal profession, or, of course, formal religion. Purely text-based systems, as purely practice-based systems, have all but disappeared; rather we see continuous adjustment and readjustment where logocentricity becomes favored as systems get larger and more bureaucratic, while experiential learning tends to be recognized as more efficient in small group situations and face-to-face communities. Nevertheless, those adjustments tend to be slow, given humans’ tendency to hold on to whatever system they have been raised in.

5.2. Representation and Abstraction; Process and Practice
Central to my discussion has been the relationship between tacit, informal, experientially generated practice knowledge and its didactic, digital counterpart, as it is represented in process documentation, teaching curricula and catechisms of various kinds where the conditions of work are abstracted and stripped of their context. These catechisms, with the advent of writing, could become “immutable mobiles” (Latour 1986), that is to say, once constructed, the content becomes fixed while the physical representation (the documentation) becomes a “boundary object” that is mobile within a larger socio-economic system.

A key pin of formal learning systems is the idea that it is easier to go from the abstract to the particular, from the rule to the application. But ethnographic observation shows that for many people it is easier to proceed the other way around, inductively. Work (and life) environments have multiple opportunities for informal observation, imitation, experimentation and informal assessment of efficacy and effectiveness, which allows people to move from a single event to a generalization. Reasoning deductively, on the other hand, would require them to envision relevant cases that fall under the rubric without the scaffolding provided by the context, and would require formal reasoning practices that may be common in formal education but are rare in work situations. Our ancestors, long before the rise of didactic systems must have developed the ability to reason inductively and to develop new applications for particular insights. Every new invention then could become the basis of imitation and experimentation with new materials carried out by conspecifics, harnessing the resources of nature, and later of culture, in increasingly complex ways (Arthur 2009). History seems to show that building from the bottom up was later supplemented by designing from the top down as expanding demographic and economic domains had to be accommodated.  A propensity to go from the particular to the abstract thus is rooted in our evolutionary history. More generally it seems to be the case that new skills that are somehow based in millions of years of honing by evolution are easier to learn for us than those that have a much shorter history.

Thus it is particularly problematic when text-based instruction is front-loaded in the learning process, as is frequently the case in western-style formal learning systems (Wenger 1998). Workers in a variety of companies have complained that they forget what they learned formally because it is not immediately applicable because of the time lag between training and use. But if formal learning is delayed until after a worker has hands-on experience, the interpretation of what the abstraction actually means comes much more easily. At that point, having already collected a variety of experiences, the generalizations, abstract formulations, cautions and recommendations of didactic training may be much more effective and helpful.

In Germany and other European countries institutionalized apprenticeship programs leading to trade and craft jobs typically combine two days of formal school attendance per week with three days of “real work” in an office, shop, or factory. In this kind of system formal, codified, often theoretical knowledge transfer combines synchronistically with experiential learning in actual work situations, an approach that differs significantly from “chunking systems” that are still common elsewhere, for example in American medical schools where students may have two solid years of logocentric learning before they get any clinical exposure.

5.3. Learning in the new world
Let me end then, not with a prediction, but with a possible scenario.
There are certain junctures in the history of human civilization when social institutions, ways of making a living, values and assumptions change in a fundamental way. Generally, the significance of what is happening is invisible to the people living the changes. At this point, I believe, we are witnessing a fundamental reorganization of the distribution of knowledge as it is happening in the global economy. Much of this is still under the waterline, still largely imperceptible. I would not want to press the point too far, but we may be experiencing the rise of a third way of transmitting information, which may well have consequences as far-reaching and deep-going as the emergence of symbolic systems.

What seems to be visible in plain sight is that the digital communication infrastructure provided by the internet has majorly affected the ways in which knowledge and information flow. There is considerable evidence that globalization, moving on the back of the worldwide web with its ever-increasing availability of online connections and improved distance communication, is generating a growing participatory, decentralized, bottom-up culture that sees even behemoth global corporations breaking up their operations into smaller, more independent working units. Many small companies, especially the startups of the last decade operate that way in the first place, often with widely distributed participants who communicate primarily electronically. Web 2.0 technologies have led to the democratization of the tools of production and distribution, opening up new modes of knowledge transfer (Anderson 2005). At the same time, sociodigitation, the process whereby activities and their histories in a social domain are drawn up into digital codes, database images, and text, has extended the mobility of logocentric representations; it has also facilitated the liquification of the non-digital (i.e. real estate or machinery), and may be in the process of generating an Internet-wide shift away from passive consumption towards active engagement, participation, creation, and collaboration (Latham and Sassen 2005).

We are living at a time in human history when experiential and didactic learning systems are combining in ways impossible a mere 20 years ago, created by beings whose cognitive, sensory, and social abilities and predilections were shaped during three million years.
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Attachment
Samples of Suggested Illustrations – see following pages.

Please note: I have enclosed only three pictures for each of the sites but have hundreds to choose from to visually document the verbal descriptions. They can be supplied in black and white TIFF format with high resolution.
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Maya midwifes urged to  copy definitions during training course. Many of them can’t read or write or speak Spanish. Nurses are “helping” by copying definitions on slips of paper.





Midwife doing an external cephalic version, turning a breech-presenting baby around so it will be born head-down. The knowledge is in the hands.





Midwife-attended hammock birth, Yucatan, Mexico. The midwife is tying the umbilical cord. The father has been supporting the woman during the labor, taking turns with other experienced attendants.





A high-tech working environment: an airlines operations room. Working back to back …





… with the other side of the room. Highly collaborative, operators reconcile the ideal state of the world with the real state of planes, crews, and baggage.





Multiple communication technologies such as video monitors pointing at the gates and computer- and paper-based complex sheets constitute some of the boundary objects used by the team.





A football field-sized factory floor of an Intel chip-making plant. This is where silicon wafers are processed into the computer chips that populate our electronic devices.





Malay women constitute the majority of the work force on the factory floor. Highly interactive, they prefer to work in groups.





Lively conversation continues with work-related and private news as Malay floor operators wait for the company bus. Personal relationships and favor exchanges are important for getting the work done.








� “logo” means not only “word” but also “representation”. As used in this paper, it includes all symbolic meaning carriers.





� There is considerable evidence that the capacity to symbolize is present in some of our primate cousins. It hasn’t gone anywhere in the wild but there is no doubt that when chimps are raised in the right environment they can be taught to read symbols and use them to communicate. A fascinating picture in the October 2008 National Geographic showed an orangutan “exercising his brains with computer games.”





� When forms of talk arose that went beyond mere grunting and screeching (not more than 50 thousand years ago since speech is still questionable for Neanderthals) people were able to tell about events that had happened in the past, or might happen in the future. So we might speculate that task-focused narratives could have been the first specialized kinds of information transfer where, for example, a woman might tell where she found a patch of ripe berries just beyond the big rock on the horizon, as she was drawing an outline of her path in the sand. Such accounts could spread within particular ecologies among small groups of people for whom they were relevant. Later, more elaborate material such as ballads and accounts of events in tribal history were acquired and perpetuated through pattern imitation in the situations in which tellings naturally occurred, i.e. sitting around the camp fire, at clan gatherings, or maybe during important life cycle events.





� Perhaps we should see this as body-to-body communication and absorption because imitation always involves the whole body, not just the eyes, and is especially likely in task-oriented interactions as compared to talk-oriented ones.





� By traditional communities, for lack of a better phrase, I simply mean communities in which text-based schooling has not (yet) become an important form of learning. At the same time I hasten to acknowledge that all contemporary communities, no matter how remote, have been exposed to logocentric ways of understanding and managing the world. In this section of the paper I draw extensively on my publications from that period, especially Jordan (1993), many of which are available on my website www.lifescapes.org. I also rely on my unpublished reports to funding agencies.





� Traditional midwives in this area are commonly called comadrona or partera. I am partial to the term partera empirica because it emphasizes the fact that these women base much of their practice on empirical observation, having acquired their skills by ‘going around’ with an experienced midwife and by carefully monitoring the course and outcome of the births that they attend. I find the term TBA (Traditional Birth Attendant), used by WHO and other international aid and training organizations, inherently deficient because it ignores the fact that these women (and in some societies men) are specialists beyond simple birth attendance.





� When I talk about cosmopolitan (in preference to Western, biomedical, or technocratic) obstetrics I mean to refer to the type of perinatal care that is commonly considered the standard of care to which developing countries should aspire.


� In the symbolic/ritual realm this makes sense since the placenta is considered el compañero del niño (the companion of the child). Biomedically it makes sense because this is the most dangerous part of a birth. As far as I know, the local system has no remedy for catastrophic maternal bleeding associated with problems in the delivery of the placenta.


� These interviews were conducted together with Mary Elmendorf who was, at the time, investigating reproductive knowledge and practices in the village of Chan Kom. (See also Rogoff et al. in press).





� This procedure was once common in Euro-American obstetrics and is now replaced by C-section. I have traced its history, benefits and drawbacks in a number of publications, e.g. Jordan 1983, 1984).





� This was another one of those incidents where I thought I had caught her with misinformation when she said to one of the women that the breech is bigger than the head. It was only when I felt breech and head with my own hands that I understood that she was saying that the uncompressed breech feels bigger than the small hard head. I had been waylaid again by my biomedical knowledge that it is the head that most likely presents difficulties in passing through the birth canal.


� This kind of knowledge transfer in question-answer format goes back at least to the Middle Ages when it was used widely in religious and secular teaching to convey the principles of a belief systems. Knowledge was collected in doctrinal manuals often in the forms of questions that were followed by an answer to be memorized. For example: Question: What is the chief end of man? Answer: To glorify God and enjoy Him forever.





� I now think that this particular visual bias may have to do with living in a flat jungle environment where there are no vistas that would allow for that kind of calibration.





� Such reflective verbal exchanges are common in industrial teams and workgroups as well. They are verbal but have none of the characteristics of didactic teaching, e.g. a teacher-student relationship, a predetermined curriculum, etc.


� There is a substantial body of social science research on technology in the workplace, too extensive to cite here. Some publications I have found particularly helpful are Barley 1988; Clancey 2002; Collins 2009; Darrah 1995; Darrah et al. 2007; Hull 1997; Koenig 1988; Miller and Slater 2000; Reiser 1978.





� During that time I had joint appointments at the Xerox Palo Alto Research Center (PARC), a well-known technology research lab, and for ten of those years at IRL, the now defunct Institute for Research on Learning. It was during those years that learning and innovation in the workplace became a major concern for companies. PARC and IRL pioneered the adaptation of ethnographic methods to this need.





The data I am drawing on for the following section were collected in the early 1990s under the auspices of the Workplace Project at Xerox PARC. My colleagues on the team included Francoise Brun-Cottan, Kathy Forbes, Charles Goodwin, Marjorie Goodwin, and Randy Trigg. Lucy Suchman was the Principal Investigator. In addition to video tapes recorded over several months, the data corpus includes fieldnotes from many hours of participant observation, more than a thousand photographs, interviews with key informants, and the analysis of work-related documents. For publications related to this project, see Brun-Cottan et al. 1991; Goodwin 1996; Goodwin and Goodwin 1996; Jordan 1990, 1992; Suchman 1993, 1997, in press).





� Talking over the radio is widely considered the most difficult part of airborne communication. I must admit that after years of co-piloting a small plane, I still find radio communication with Tower, Ground, and other planes problematic. As a flying instructor said with only slight exaggeration: “If you can handle the radio you can fly the plane.”


� That this is a generically useful skill that tends to arise in workplaces where people are co-present but not face-to-face is indicated by research in the operations of the London Underground where a similar modification of talk appears, with apparently the same kind of functionality (Heath and Luff 1991).


� Proportions roughly mirror the Malaysian population consisting of 60% Malays, 30% Chinese, and 10% Indian. There appear to be government regulations that require hiring practices that conform to these percentages.


� Inculcating the specs has become the mission of the training department. Trainers say that workers have to understand that they have to follow the specs at all times, because “it will give them safety, it will give them quality, it will give them everything.” We heard this identical wording on several occasions. Sometimes it is followed by an acknowledgment that “The problem is that following the specs will slow them down. So sometimes they will jump paths.”





�  In her study of a Silicon Valley chip factory Bechky mentions that engineers had been trained to make the documentation increasingly elaborate in the hope of ‘clarifying’ the production process for the assemblers. This drove them to greater abstraction in the documentation which caused further communication problems (Bechky 1999).


� Passdowns have many of the characteristics and spirit of assessment events, often highly ritualized, in other complex organizations when there is a need to asses who or what is to be blamed for ill events. Much of this is seen as quality control, such as Morning Walking Rounds and Mortality and Morbidity Conferences in hospitals, or the military’s post-incident debriefs. All of these are essentially reconciliation meetings between what is and what should be (or should have been), suggesting a wider generalizability of these observations.


� Much of the discussion about logocentric/experiential issues at that time was couched in terms of automation because that was the salient topic in the factories at the time.


� For a rare successful example of such a translation, based on extensive ethnographic fieldwork, see Bobrow and Whalen 2002, Vinkhuyzen and Whalen 2007.








� Immutability and mobility are the features that allow distant stakeholders to grasp what is going on in remote places and to intervene there. The loss of contextual information buys two important features: expanded distribution and data comparability. Stripping the context is precisely what makes comparison possible without regard to individual circumstances.





� I have often witnessed the relief of medical students in training when they are allowed to do something “practical” during training that relieves for them the tension between the rules and the practice, acutely observable at their first clinical experience.
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